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1

The Geometry of Visual Phonology

In this thesis I argue for a theoretical framework of visual phonology,
the phonology of sign language, that is distinct from current theoretical
frameworks of spoken language phonology. The division between sign
language and spoken language phonology is motivated by an inherent
asymmetry between sight and sound. Whereas a visual image can be seen
in a moment, at a discrete point in time, an auditory signal requires an
interval of time to hear. I demonstrate that this asymmetry is present
in the phonological organization of language and argue, therefore, that
language mode must be accounted for in phonological theory.

Hence, the theoretical frameworks of visual phonology and spoken
language phonology are distinct, where by theoretical framework I mean
a precise use of language to capture formal properties of a well-defined
object of study. I take the domain of visual phonology to be the set of
natural signed languages, and the domain of spoken language phonology
to be the set of natural spoken languages. Using modality-free language
to compare the phonological constructs of the frameworks, I conclude
that they share modality-independent properties. Those properties form
the basis for articulating a theory of universal phonology, where by theory
I mean a set of laws that hold over all objects in the domain of the
theory – the domain of universal phonology being the set of all natural
languages.

I propose, then, that distinct theories of visual and spoken language
phonologies must be formulated in modality-specific frameworks, and
that the two are related by a theory of universal phonology, captured by
the model of phonology in (1).

1
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(1)

Visual Phonology
Spoken Language

Phonology

Universal Phonology

This proposal differs significantly from previous work on sign lan-
guage phonology (Liddell and Johnson 1989, Sandler 1989, Wilbur 1990,
Brentari 1990b, Perlmutter 1992).1 The model of phonology adopted in
those analyses is illustrated in (2). I refer to it as the transfer-and-test
model because it is based on the premise that what we know about spo-
ken language phonology is equivalent to our knowledge about universal
phonology. As represented by the first and second boxes in (2), spoken
language phonology maps onto universal phonology. In turn, because
a universal theory of phonology should hold for all natural languages
then, following a transfer-and-test approach to sign language phonol-
ogy, it should also be applicable to and provide explanations for sign
languages. This is represented by the second and third boxes in (2).

(2)

Spoken
Language
Phonology

=⇒ Universal
Phonology

=⇒ Visual
Phonology

Clearly, modality-specific features such as coronal, nasal, and labial
are not part of a transfer-and-test model, but constructs that reflect the
organization of mode-specific features are. Hence, a research program
to develop such a model is organized around questions such as: What
is the segment in sign language? What is the structure of the syllable?
How are segments organized into syllables? What role does sonority play

1 Van der Hulst (1993) rejects the notion of using sign language as a testing bed for
competing theories of spoken language phonology, and presents a more sign-oriented
approach. Nevertheless, he adopts a feature-based representation, and depends on
spoken language-based timing segments, specifically undifferentiated X-slots, to rep-
resent signs.
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in syllable organization? The result is a single-framework-single-theory
model of phonology.

Crucially, work that adopts the model in (2) downplays the modal-
ity difference between sign and spoken languages, focusing only on the
similarities between them (Anderson 1993). This leads to complications
when applying spoken language constructs to sign language data – an
issue discussed at more length in Chapter 6. I therefore reject (2) and
adopt the model in (1).

From this perspective, no independent theoretical framework for sign
language has yet been proposed. Hence, the bulk of the thesis is devoted
to laying the groundwork for a theoretical framework of visual phonol-
ogy based on data from American Sign Language (ASL).2 The main
focus of the effort is to develop a set of constructs and propositions that
provide contrastive representations of signs. To accomplish this I base
the argument for each part of the framework on patterns of distribu-
tion and alternation and lexically distinctive properties of the data. I
pay particular attention to presenting the data from ASL in images and
descriptive terms that are clearly distinguished from the terms adopted
into the theoretical framework.

The questions central to the thesis are basic to the enterprise of dis-
covering the structure of phonological representations in this framework
of visual phonology. What are the atomic and non-atomic constructs of
the representation? What are the arguments to motivate each construct
of the representation? What are the principles that govern the way the
constructs are put together to form complex representations? What kind
of mathematics is needed to formalize the structure of the representa-
tions and the principles that hold on the representations? The answer
that emerges is the geometry of visual phonology.3

In the remainder of this chapter, I present one perspective on the
inherent difference between the visual and auditory mode, and then
preview the results of the thesis with a detailed description and repre-
sentation of a sign. I conclude with an outline of the thesis.

2American Sign Language is the natural language of Deaf communities in the
United States and other parts of North America (Humphries and Padden 1988).

3Note that this use of geometry is not to be confused with the notion of fea-
ture “geometry”. I mean geometry in its formal sense, as a branch of mathematics.
The feature geometry of spoken language phonology is, in fact, a misnomer. Phono-
logical feature geometry is based on a mathematical object called a tree that is
formally a rooted, directed, and connected graph without cycles, borrowing from the
branch of mathematics called graph theory. In its original formulation (Mohanan
1983, Clements 1985), the sister nodes are unordered; the graph formally captures
only dominance relations (constituency).
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1.1 Sign and Speech

Sign language and spoken language represent two distinct modes of lan-
guage. One is articulated with the hands and perceived with the eyes;
the other is articulated with the vocal apparatus and perceived with
the ears. Because both are languages, one possibility is that a single
representation will account for both. Does mode matter? In previous
generative models the effect of mode is downplayed, a transfer-and-test
approach to sign analysis is adopted, and spoken language constructs are
applied to the signs (Liddell and Johnson 1989, Sandler 1989, Perlmutter
1992, Brentari 1990b, Wilbur 1993, Stack 1988).

In this thesis I raise the question again: Does mode matter? The
answer is a resounding YES! To defend this position I adopt a system
internal strategy for sign analysis so that each construct and principle
adopted into the model is based on arguments built on the properties of
sign language data. The result is a framework for visual phonology that
is distinct from the framework for spoken language phonology; each re-
flects the modality-specific characteristics of its domain. The differences
between the frameworks provide support for a phonetic groundedness,
or naturalness, of phonology. The similarities between them provide sup-
port for a theory of universal phonology.

But even before comparing the frameworks, it is enlightening to con-
sider the inherent properties of vision and audition that might influence
linguistic organization. Vision and audition are similar because they are
both human senses, but they provide distinct windows on the world.4

Consider, for example, the following scenario. A backpacker comes
across a magnificent upright redwood tree on Monday. Inspired by it, she
stops to take its picture. She returns along the same path on Wednesday,
only to find the same tree lying on the ground. Shocked that such a
beautiful tree has fallen, she takes another picture of it. Did the tree
make a sound when it fell?

Let us assume that our backpacker was so taken by the tree that
she also left behind a camcorder to videotape it while she went on her
two-day hike. The camera will record both the sound and image of the
tree falling, so when our backpacker returns home she will have a range
of documents of the event: (i) snapshots of the tree before and after it
fell, (ii) a video image of the tree falling, and (iii) an audio recording of
the noise the tree makes when it falls.

Our backpacker has captured two types of visual images, one discrete

4In terms of physics, the eyes and ears are tuned to different frequencies. Whereas
the ears are tuned to a frequency range of about 20 to 20,000 Hertz, the eyes are
sensitive to a much broader range of frequencies.
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and one continuous, but only one (continuous) audio “image” of the
fallen tree. Notably, this asymmetry is due not to technical limitations,
but rather to the same type of physical difference that differentiates the
perception of signed and spoken language. Whereas the eye can perceive
a state of affairs at a discrete point in time, as represented by a snapshot
of the tree, the ear requires an interval of time to perceive an event, as
indicated by the sole audio recording.

Another way to characterize this asymmetry is to imagine yourself
in a room separate from the world and stopped in time. If you look
around, you can gather visual information through your eyes; your ears
perceive nothing. Now allow the room to exist in time, and listen. Clap
your hands and you hear something. Stop clapping your hands and, as
long as nothing else happens, it will be silent again. In other words, if
nothing happens, you hear nothing. To hear something, something must
happen.

Regardless of how we imagine it, there is an undeniable asymmetry
between the perception of a visual image and of sound. As summarized
in (3), a visual image can capture information in an instant or over an
interval of time. In contrast, an audio image is only perceptible over an
interval of time.

(3)
Vision Hearing

Discrete point Discrete image ∗
in time (snapshot)

Interval Continuous image Continuous sound
of time (videotape) (audio-tape)

So, on the basis of the observation that sign language is based on
vision and spoken language on hearing, we would expect that similar
asymmetries are likely to emerge in the analysis of the languages. At
the least, we must be alert to the possibility that mode can matter.

In this thesis, I conclude that the language faculty exploits language
mode, optimizing the organization of the information to fit the medium
of communication. The most striking instance of this is the contrast
in the representation of time. In spoken language, the atomic unit of
time is an interval of time (the segment). In sign language phonology, I
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argue that the atomic unit of time is a discrete point in time. A time
interval is also important, but it is represented as a sequence of two
points in time. Consequently, the phonological structure of signs requires
two types of units: those that represent a static state, and those that
capture a transition between two states. Language mode is, in short, of
consequence to linguistic analysis.

1.2 Visual Phonology

Because the goal of the thesis is to develop a new theoretical framework,
it is imperative to present arguments for the adoption of each construct
and principle into the model of visual phonology. To that end, I abide
by two rules of the thesis. The first part of rule one is to adhere to
the careful separation between descriptive language and theoretical lan-
guage. The second part of rule one is to argue for the constructs and
principles adopted as part of the theory on the basis of data presented
using descriptive terms. Rule two is to admit and explain any deviations
from rule one.

By following those rules, my goal is to present a model that consists
of a set of constructs suited to the properties of the data, along with a
set of coherent and falsifiable propositions that make correct predictions
about signs. Although the organization of the constructs may be familiar
from spoken language phonology, most of the constructs argued for in
this work are quite unlike those of traditional generative phonology. For
the sake of previewing those novel constructs, I suspend the rules of
the thesis for the remainder of this section in order to work through an
example that introduces the general organization of the representation.

I start with a detailed description of the sign meaning to dream,
and present the representation of the hand and signing space in the
terms argued for in the body of the thesis. I then give a descriptive
representation for the sign that illustrates the relation between space
and time in visual phonology. By the end of the section, the reader
should have grasped two things: (i) an overview of the model, and (ii) a
feel for articulating the ASL sign dream.5

5 Here, I adopt the convention from Baker-Shenk and Cokely (1980). Signs are
referred to by a name that corresponds to the closest English equivalent set in small
capitals, e.g., dream refers to the ASL sign that means dream in English. I include
English meanings in italics only if the meaning is not apparent from the gloss, e.g.,
red-slice tomato.
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1.2.1 A Description of dream

To articulate the sign in (4), two things happen: (i) the hand moves
away from the forehead, while (ii) the index finger alternately bends
and extends.6

(4) dream

The steps for articulating the sign are listed in (5). The reader should
try them before proceeding with the rest of the section.

(5) Step-by-step dream:

1. Choose the hand you write with. If you are right-handed,
this will be your right hand; if you are left-handed, it will be
your left.

2. Hold your hand as if pointing out the direction of the lin-
guistics department to a stranger. Hold your index finger
straight. Bend your middle, ring, and pinky fingers and fold
your thumb around them (as in (6a)).

3. Place the tip of your index finger against the same side of
your forehead as the hand that you are using, so that your
fingertip is just above the outer edge of your eyebrow. The
palm of your hand should be at about a 45◦ angle with re-
spect to the front of the face.

4. Move your hand about an inch away from the forehead along
a straight path along a slightly upward direction. Simultane-

6(4) is a revised form of an image reprinted with permission from A Basic Course
in American Sign Language, Copyright (c) 1980, 1994, T.J. Publishers, Inc., Silver
Spring, MD 20910, illustrated by Frank A. Paul. Other images included with permis-
sion from that publication are all, appointment, ask, bicycle, borrow, choose,
criticize, day, deaf, flower, germany, good, lie, like, loan, lonely, now, our,
sentence, sorry, understand, want and yes.
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ously bend the joints of the index finger so that the knuckle
joint is straight while the others bend (as in (6b)).

5. Move your hand another inch in the same direction while
extending the joints at the tip and middle of the index finger,
so that it looks like it did in step 2.

6. Bend the joints once more, moving another inch along the
same path.

7. Stop. Your hand should be a few inches from the forehead
with the index finger bent. In all, you should have moved
your hand through the four distinct positions illustrated in
(4).

Practice articulating the sign until it flows smoothly. The repeated
bending and extending of the index finger should be articulated in the
same proportion as the movement away from the forehead. You might
also try a variation of the sign: move the hand farther and farther away
from the forehead while continuing to alternate between a bent and
extended index finger, stopping only after the arm has reached its limit.
That gesture can be roughly interpreted as dream-for-a-long-time.

With this example in mind (and on hand), consider that there are
roughly two things about the gesture to represent: (i) the hand itself,
and (ii) the space that it moves through. I discuss each of these parts of
the sign in turn.

1.2.2 Hand

Two distinct postures of the hand, or handshapes, are needed to articu-
late dream. These are shown in (6). Handshape can be specified by two
pieces of information: (i) the selected finger(s), and (ii) the positions
of their joints. For both handshapes in (6), the selected finger is the
index finger. In (6a) all of the joints are straight, or extended. In (6b),
the knuckle joint, or base joint, is straight; the other joints, called the
non-base joints, are bent into a neutral position.

(6) a. Hand Posture 1 b. Hand Posture 2
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For the sake of completeness I include the representation for each
hand posture in (7). The features and organization of the information
are presented in Chapter 2. Of interest here is the minimal difference
between the hand postures. In (7a) the non-base joints (-base) of the
selected fingers are extended; in contrast, in (7b) the non-base joints of
the selected fingers are in a neutral position.

(7) a. Hand Posture 1

HS:



+Selected : [ I ][
+base :

[
+ext
−flex

] ]
[
−base :

[
+ext
−flex

] ]
−Selected : [ TMRP ][

+base :

[
−ext
+flex

] ]
[
−base :

[
−ext
+flex

] ]
Thumb : [ +opposed ]


b. Hand Posture 2

HS:



+Selected : [ I ][
+base :

[
−ext
−flex

] ]
[
−base :

[
−ext
−flex

] ]
−Selected : [ TMRP ][

+base :

[
−ext
+flex

] ]
[
−base :

[
−ext
+flex

] ]
Thumb : [ +opposed ]


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To articulate dream the hand changes between the postures in (7a)
and (7b). But the hand also moves through space. The organization of
information about signing space differs markedly from that of the hand.

1.2.3 Signing Space

The representation of signing space argued for in this thesis is best
described as a box in a box in a box, in other words, a set of nested
boxes. To characterize this linguistically unusual concept I describe the
representation box by box.

The goal of the representation is, quite simply, to specify the position
of the hand relative to the signer’s body. This requires two pieces of
information: (i) its location, or where the hand is, and (ii) its orientation,
or which way the hand is facing. For example, in (8) the fingertip is
touching the forehead, so the hand is located at the forehead. But in
(8a) the palm of the hand faces downward, and in (8b) it faces away
from the signer. Hence, to unambiguously specify the position of the
hand requires knowing both its location and its relative orientation.

(8) a. Palm down b. Palm out

To capture the location and orientation of the hand, the hand and
body are represented as rectangular prisms. Recall from basic geometry
that a rectangular prism is a six-sided figure composed of six rectangular
faces at right angles to each other. It is helpful to think of each prism
as a transparent glass cube.

Location and orientation are stated as relations between two nested
boxes, where the larger box provides a reference system for the smaller.
The location of the inner box can be stated in terms of the relation of
one of its faces to some position in the outer box. The orientation of the
inner box can be stated in terms of the relation of its faces to the faces
of the outer box.

As an example, consider the position of the hand to articulate
dream. The parts of the representation are shown in (9). The hand
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prism (HP) is shown in (9a); the fingertip of the hand is associated with
the front of the HP, the wrist with the back of the HP, the palm is associ-
ated with the bottom of the HP, the back of the hand with the top of the
HP, and the sides of the hand are associated with the sides of the HP.
The special properties of the hand prism are discussed in Chapter 2. The
global signing space (GSS) is shown in (9c); the top of GSS is associated
with the top of the signer’s head, the bottom of GSS with the signer’s
waist, the front of GSS with the front of the signer’s body, the back of
GSS with the signer’s back, and the sides of GSS with the signer’s sides.
The local signing space (LSS) that mediates between the hand prism and
global signing space is shown in (9b). Local signing space expands and
contrast to fit the place of articulation of the sign. In this case the place
of articulation is the side of the signer’s forehead, inducing a long and
narrow space. If the sign were articulated on the chest, the proportions
of local signing space would shift to accommodate the signing area. The
special properties of these representations of signing space are discussed
in Chapter 3.

(9) a. Hand Prism b. Local Signing Space
(HP) (LSS)

c. Global Signing Space
(GSS)
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The abstract representation of the sign is produced by embedding
the representation of the manual articulator, the hand prism (HP), in
the signing space, local signing space (LSS). Local signing space is then
situated in global signing space (GSS), as shown in (10). The location
of the hand is specified by noting that the fingertip of the hand is as-
sociated with the front of the hand prism which, in turn, is associated
with the base of local signing space which is associated with the side-
of-the-forehead in global signing space. The orientation of the hand is
specified by noting that the fingertip and back of the hand are parallel,
respectively, to the front and top of the hand prism which are, in turn,
parallel to the +base and +local sides of local signing space. Because
of the topology of the body, the faces of local signing space are not abso-
lutely parallel with the faces of global signing space; however, relatively
speaking, the +base and +local sides of local signing space (LSS) are
parallel to the back and top of global signing space (GSS).

(10) Representation of dream

The notation for the representation in (10) is given in (11). The
nested rectangles reflect the nested boxes in (10). The innermost rect-
angle represents the hand prism (HP), the middle one represents local
signing space (LSS), and the outermost represents global signing space
(GSS). Note that the specifications for location (LOC) and orientation
(OR) are placed between the boxes they relate. For example, the nota-
tion OR [FrontHP : +baseLSS ] outside the HP box but inside the LSS
box means that the front face of the hand prism is parallel with the base
of local signing space. The specifications for LOC and OR in the hand
prism (HP) mediate between the hand and HP.
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(11)

LOC [ +baseLSS : Side-of-ForeheadGSS ]

OR

[
+baseLSS : BackGSS

+localLSS : TopGSS

]
LOC [FrontHP : +baseLSS ]

OR

[
FrontHP : +baseLSS

TopHP : +localLSS

]
LOC [BaseHand : BackHP ]

OR

[
F-tipHand : FrontHP

PalmHand : BottomHP

]
HS

[
SelectedF ingers : I[

Base : Extended
Non−Base : Extended

] ]
[

UnselectedF ingers : TMRP[
Base : Bent

Non−Base : Bent

] ]
[ Thumb : +opposed ]

HP LSS GSS

So the nested prisms in (10) reflect the formal geometric represen-
tation of signing space. Furthermore, in geometric terms the hand is a
rigid body. Roughly speaking, this means that the hand retains the same
mass and volume throughout the articulation of a sign. Hence, changes
in the position and placement of the hand can be formally represented
in geometry as rigid body transformations.

The schematic in (12), representing dream, depicts how this notion
of rigid body transformation can be combined with the geometry-based
representation of signing space to capture the properties of a sign. Be-
ginning with the innermost part of the representation, the hand moves
through a series of four postures, labeled as HPa, HPb, HPc, and HPd.
In HPa the hand assumes the handshape HS1, in HPb it assumes hand-
shape HS2, in HPc it assumes handshape HS1 again, and in HPd the
sign ends with the handshapeHS2. Within the local signing space (LSS),
the hand starts at location LOC1 and ends at LOC2. With respect to
global signing space (GSS) local signing space is static, so there are no
changes.

(12)

LOC1 LOC2

HPa HPb HPc HPd

HS1 HS2 HS1 HS2 LSS GSS
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The schematic in (12) captures the spatial relation of the sign ges-
ture, that is to say, the relation between the hand and signing space
throughout the articulation of the sign. In the next section I complete
the representation of the sign by considering its temporal properties.

1.2.4 Space and Time

Borrowing from computer jargon, the representation in (12) can be de-
scribed like a computer program, capturing the off-line properties of the
sign gesture. It is a step-by-step set of instructions for moving the hand,
just as a computer program is a step-by-step set of instructions for run-
ning a computer. By turning off the clock of the computer, or “taking
the computer off-line”, each step of the program can be examined at
leisure. This contrasts with the state of affairs when the computer is on-
line, and the program runs in real time, executed at the rate dictated by
the computer’s clock. Signs, too, are articulated in real time, produced
to the beat of some internal signing clock. The relation between that
clock and the instructions in (12) are represented in (13).

In (13), timelines on either side of the schematic from (12) capture an
interval of time from ti to tl. For location, the starting location, LOC1,
associates with time ti and the ending location, LOC2, associates with
tl. For handshape, there are four points of reference at evenly spaced
intervals on the timeline, so at the start of the sign HPa associates with
time ti, then HPb associates with tj , HPc with tk, and HPd with tl.

(13) LOC

ti tl

LOC1 LOC2

HPa HPb HPc HPd

HS1 HS2 HS1 HS2 LSS GSS

ti tj tk tl

HP



The Geometry of Visual Phonology / 15

The figure in (14) shows the relation between the timelines in (13).

(14) LOC1 LOC2

ti tj tk tl

HS1 HS2 HS1 HS2

1.2.4.1 Phonological Representation

To review, both the timing relations in (14) and the spatial relations
in (12) are needed to specify the properties of a sign. In the course of
the thesis, the phonological units that I argue for to represent those
properties are the transition unit, (15), and the cell, (16).

The transition unit represents a phonological parameter (P) over an
interval of time, where the parameter is either location, orientation, or
handshape. There are three types of transition units: the parameter can
maintain the same value throughout the interval, (15a), it may change
once, (15b), or it may change repeatedly, (15b).

(15) Transition Unit: a. [ P ]
b. [ Pi, Pf ]∆
c. [ Pi, Pf ]2∆

The notation for the cell reflects the spatial and temporal properties
of the sign gesture. (16) is the skeleton for a morphologically simple sign.
Starting from the inside, HS specifies the configuration of the fingers
and thumb, HP specifies the location and orientation of the hand inside
the hand prism, and the box labeled LSS specifies the location and
orientation of the hand prism inside local signing space.

(16) Cell Structure:

LOC
[
LSS : GSS

]
OR

[
LSS1 : GSS1

LSS2 : GSS2

]


LOC
[
HP : LSS

]
OR

[
HP1 : LSS1

HP2 : LSS2

]

HP


LOC

[
Hand : HP

]
OR

[
Hand1 : HP1

Hand2 : HP2

]
HS

[ ]

HP


LSS


GSS



16 / The Geometry of Visual Phonology

The cellular representation for dream is given in (17) with hand-
shape names used as abbreviated forms for the information specified for
the fingers and thumb.

(17) dream:

LOC
[

+BaseLSS : Side-of-ForeheadGSS

]
OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]


LOC
[
FrontHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

]

HP


LOC

[
BaseHand : BackHP

]
OR

[
F-tipHand : FrontHP

BackHand : TopHP

]
HS

[
1,x

]
2∆







From the perspective of spoken language phonology, the representa-
tion in (17), and the phonological constructs in (15) and (16) present an
unfamiliar organization of linguistic information. For example, phonol-
ogists take it for granted that constructs like the segment and syllable
are temporally distinct, that is to say, that given any two segments or
syllables, one must necessarily precede the other. In contrast, as illus-
trated by the simultaneous change in location and repeated change in
handshape represented in (17), it is clear that two transition units may
occupy the same interval of time.

In addition to temporal distinctions, the notion of location and orien-
tation described only briefly in this chapter, are formalized in the thesis
as dyadic relations. Furthermore, these relations hold between embed-
ded constructs, specifically between the hand and the hand prism, be-
tween the hand prism and local signing space, and local signing space
and global signing space. Unlike traditional spoken language features
which are formally monadic relations that yield to organization into sets
described by feature geometries, the dyadic relations location and orien-
tation require the development of a hierarchical form of representation.
As demonstrated in Chapter 5, once imagined as a hierarchy of nested
relations and not as a set of features, location and orientation yield im-
mediate results for solving puzzles about complex verbal morphology.
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1.3 A Guide to the Thesis

The bulk of the thesis is devoted to laying the groundwork for the model
of visual phonology.7 In Chapter 2 I argue for the constructs that repre-
sent the hand, and in Chapter 3 I argue for the constructs that represent
signing space. Chapter 4 is dedicated to the representation of movement.
The results of this chapter are notable because, although movement is
treated as a phonological primitive in previous models of sign language,
here it emerges as a derivative property of the phonological primitive
handshape, and the relations location and orientation. In Chapter 5 I
extend the analysis in Chapters 2 through 4, which focus on the lexi-
cally simple sign, to include one set of complex signs, namely agreement
verbs.

With the basic model of visual phonology in place, in Chapter 6 I re-
view three previously proposed sign language phonologies that are based
on the transfer-and-test model of phonology. Perlmutter (1992) presents
a Moraic model of signs focused on the syllable, Liddell and Johnson
(1989) propose a Movement-Hold model of signs focused on the seg-
ment, and Sandler (1989) proposes a Hand Tier model that extends the
discussion to include feature geometry. I show that the model of visual
phonology proposed here provides a perspective that can simplify the
constructs in those models. In addition, the discussion highlights the
timing differences between spoken language and sign language phonolo-
gies.

In Chapter 7 I summarize the model of visual phonology developed
in the thesis and compare the sign language constructs, the transition
unit and cell, with their spoken language counterparts, the segment and
syllable. I show that no clearcut one-to-one mapping between the con-
structs emerges. Rather, as indicated by the asymmetries between vision
and speech noted in this chapter, at a low level of representation the con-
structs of a spoken language phonology are distinct from the constructs
of a visual phonology. It is suggested that the organization of these
atomic units into more complex units are, however, likely to follow gen-
eral principles of organization that are the laws of a theory of universal
phonology.

A message about signing. Throughout the thesis, I present data
with both pictures and prose. The purpose of this redundancy is to en-
able the reader to articulate the signs – an activity that is crucial to

7Arguments in the thesis are based primarily on the characteristics of one-handed
signs. Unfortunately, a comprehensive discussion of two-handed signs is beyond the
scope of this work. Brief remarks about extending the model to account for two-
handed signs are included in Section 5.3.1.
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the effective study of visual phonology. If it is true, as I argue, that a
theory of phonology requires input from two mode-distinct frameworks,
then it will be imperative that linguists interested in developing a the-
ory of universal phonology be familiar with both modes of language. To
that end, I hope all readers are able to sign along throughout the thesis.
Sign novices will find introductory books such as Humphries, Padden,
and O’Rourke (1980), Humphries and Padden (1992), Baker-Shenk and
Cokely (1980), and Valli and Lucas (1992), as well as their companion
videotapes very helpful. The best resource remains, of course, native
intuitions or a signing friend. It is my hope, however, that advances in
our field make it the rule rather than the exception that linguists are fa-
miliar with visual as well as spoken languages, rendering the descriptive
redundancy presented here obsolete.



2

Hand Prism

The hand is central to the articulation of a sign, and is the focus of this
chapter. I argue, piece by piece, for each component of its representation.
The result is an organization of the parts of the hand similar to those
proposed before (Mandel 1981, Sandler 1989, Brentari 1990a, Corina
and Sagey 1989, Liddell and Johnson 1989), but with the addition of a
hierarchical organization of the joints.

I also argue that handshape by itself is insufficient to account for the
distributional facts, and adopt a formal representation of hand orien-
tation. Unlike previous proposals in which hand orientation is captured
by distinctive features, I define hand orientation as a dyadic relation
between the hand and a geometric construct I refer to as a hand prism.
This proposal anticipates a more general property of signs defined in
Chapter 3, namely a set of orientation relations that hold between con-
structs that represent signing space. I start by introducing the set of sign
parameters regarded as basic in sign language phonology, and then turn
to even more basic concepts such as the manual articulator for signs.

2.1 Sign Parameters

Stokoe (1960) was the first to suggest that the gestures of ASL have
regular structure. He proposed that the lexically distinctive properties
of a sign are the configuration of the hand, or handshape, the place where
it is articulated, or its location, and the nature of its movement.1 Later,
Battison (1978) argued that palm orientation is also distinctive.

As an illustration of these terms, consider the sign in (1). To artic-
ulate it, all the fingers and the thumb are held flat with respect to the

1Stokoe used different terminology to describe cherology, the phonology of signs.
Handshape is referred to as dez, location as tab, and movement as sig. Those inno-
vations have been abandoned in favor of the more transparent handshape, location,
and movement.

19
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palm. The fingers are held together while the thumb is relaxed and held
at about a 45◦ angle to the fingers. The palm faces the signer and the
fingertips point up. To articulate the sign, the fleshy part of the finger-
tips touch the center of the chin. The hand then moves away from the
chin along a straight path and stops a few inches in front of the chin.

(1) good

In descriptive terms borrowed from Stokoe (1960) and Battison
(1978), (1) is articulated with a b-handshape, at the chin, with the
palm facing in, and the hand moving away from the chin with a straight
outward movement.

In this work I will use terms such as handshape, location, movement,
and palm orientation as part of the descriptive framework of signs. That
is not to be misconstrued however as their acceptance into the theoretical
framework as well. Although I will use descriptive terminology without
argumentation, each theoretical construct will be explicitly identified
and adopted piece by piece as part of the framework. In rare instances,
descriptive and theoretical terminology will overlap. For example, the
terms fingers and thumb are used descriptively, but are also adopted as
phonological constructs. As much as possible, I will avoid these dualities.

In various previous analyses, handshape, location, orientation, and
movement, are adopted as phonological constructs and associated with
sets of distinctive features (e.g., Liddell and Johnson 1989, Sandler 1989,
Brentari 1990). In this work, handshape is adopted as a phonological
construct, and is the only one that is specified for features. Location and
orientation are recast as dyadic relations that hold between embedded
constructs, namely the hand, hand prism, local signing space, and global
signing space. Movement is not a phonological parameter at all. Rather,
it is a derived property of transitions between the values of handshape,
location, and orientation.

Over the next four chapters, these “traditional” terms are formalized
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as constructs of a geometry-based analysis of signs. I begin by examining
the properties of the hands.

2.2 Hands that Move

To articulate a sign, a signer moves her hands and arms. But just as the
chewing and swallowing gestures of the mouth are irrelevant to speech,
so too, the grasping and gripping properties of the hands are extraneous
to signs.

For example, to articulate the sign in (2), the signer’s non-dominant
hand is held in front of the signer with the palm held facing upward. The
fingers and the thumb are held flat with respect to the palm, and the
fingertips point away from the signer. The thumb and index finger of the
signer’s dominant hand are bent slightly at the knuckle joint with the
non-knuckle joints held straight; the joints of the other fingers are bent
so that the fingers are curled against the palm. With the thumb side of
the dominant hand resting on the upturned palm of the non-dominant
hand, the sign is articulated by bending the index finger at the knuckle
joint until the tip of the index finger touches the tip of the thumb.

(2) print

To articulate the sign in (2), the fingers of the dominant hand are
displaced, that is, they simply move from one position to another. This
property of movement falls under the study of kinematics. Another prop-
erty of the hands is the kinetics, or force that the muscles can apply. If,
for example, an eggshell were placed between the tips of the index fin-
ger and the thumb when they make contact as they articulate (2), the
fingers could apply enough pressure to break the eggshell. However, a
gesture like that would be indistinguishable from (2). So although the
hands are capable of applying varying degrees of force, the only physi-
ological function of the hands relevant to signing is the displacement of
the hands.
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Just as the force exerted by the hand does not matter in signs, neither
does the choice of sides. A sign can be articulated with either the right
or left hand. In general, a signer will articulate signs with her dominant
hand, the hand that she uses to articulate fine motor skills such as
writing.

What matters is that the hands move when a sign is articulated.
To illustrate, the sign in (2) contrasts with variations of the gesture
described in (3). In each case, rather than move, as in (2), the hand is
held in a static position.2

(3) a. ∗(hold index finger and thumb open in initial position for
print)

b. ∗(hold index finger and thumb together in final position of
print)

The sign in (2) also contrasts with the physiologically possible ges-
tures described in (4) that include movement, but by themselves are not
acceptable signs.

(4) a. ∗(raise eyebrows, move head forward)

b. ∗(squint eyebrows, shake head from side to side)

c. ∗(puff cheeks)

d. ∗(shrug the shoulders)

e. ∗(raise elbow)

f. ∗(stick out and wiggle the tongue)

Comparing the well-formed sign in (2) with the ill-formed gestures
in (3) shows that movement is a necessary component of a sign. Then
comparing (2) with the movements in (4) shows that a sign must be
articulated with the hand(s). The proposition in (5) captures the gener-
alization and accounts for this distribution of data, where by sign gesture
I mean at least a minimally meaningful sign, and by manual articulator
I mean the displacement properties of the dominant hand(s).3

2When preceding a brief description of a gesture the asterisk (∗) denotes a gesture
that is an ill-formed sign.

3There are two types of signs that involve two hands. If one hand is static, then it
is a one-handed sign with the static hand as the place of articulation (Sandler 1989).
If both hands mirror a gesture, it is a two-handed sign. I do not explicitly present
a representation for two-handed signs, although the representation argued for here
can be extended to provide an explanatory account for the symmetry of two-handed
signs.
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(5) To articulate a sign gesture the manual articulator moves.

(5) correctly rules out gestures like batting the eyelashes or wiggling
the ears as signs in ASL.4 The constructs manual articulator and sign
gesture are crucial to the statement of (5), so both are adopted as con-
structs of the theoretical framework.

The principle in (5) predicts that only the hand(s) need be present
to articulate a sign. Conversely, it predicts that a sign gesture is incom-
plete if the hands are missing. There is (unfortunate) anecdotal evidence
to support the latter prediction. As documented on a BBC program
(See Hear), a Deaf laborer in England lost both hands in an industrial
accident and, though recovered from the accident, has difficulties com-
municating effectively. Friends rely on cues such as non-manual signals
and context to interpret his hand-less gestures. Both predictions could
be tested experimentally with a sign synthesizer, or video-editing, to
compare signs articulated only with hands or only without hands.

Note, however, that (5) does not rule out non-manual signals, ges-
tures articulated with body parts other than the hands; it simply ensures
that the essential part of the sign is present. Non-manual signals are not,
by themselves, sufficient to be a sign. In previous work it has been shown
that conventionalized facial expressions contribute meaning to gesture
(Baker 1976, Liddell 1980). Some non-manual signals are significant at
the phrasal level; others appear to be lexical. For example, the gesture
described in (4a) is used as a phrasal marker to signal WH-questions.
The gesture described in (4b) is a negative marker; when (4c) is added
to a gesture it acts as an intensifier meaning “a very large mass of”
(Baker-Shenk and Cokely 1980).

Even though non-manual signals are a significant component of the
visual grammar, they have received little attention in discussions of
phonological representations of signs, and are, unfortunately, also be-
yond the scope of this discussion. The objective of this work is to char-
acterize the movement of the hand(s) through space.

In the remainder of this chapter I argue for the constructs needed to

4 Two gestures are apparent counterexamples to the principle in (5). In one,
signers wrinkle the nose to indicate agreement. This might be regarded as similar to
the nodding of the head that accompanies spoken English. Another gesture is used
primarily between women to mean having-one’s-menstrual-period. It is articulated by
pressing the tongue against the inside of the cheek to generate a subtle up-and-down
movement of the cheek, and is a variant of the manual sign articulated by touching
the side of the fist-shaped hand against the cheek twice. The restricted use of the
second gesture and the private nature of the subject, along with the para-linguistic
nature of the first gesture indicate that, rather than violate (5), these expressions are
not part of the system being modeled here.
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unambiguously capture the local properties of the hand. I argue for a
set of features to specify handshape, and for an orientation relation that
holds between the hand and the hand prism, an abstract representation
of the articulators.

2.3 Handshape

Handshape has received considerable attention in the work on sign lan-
guage. There have been several proposals for distinctive feature sets
for handshape (Liddell and Johnson 1989, Sandler 1989, Corina and
Sagey 1989, Brentari 1990a,b). Those proposals include familiar struc-
tures from spoken language phonology such as the hierarchical organi-
zation of handshape features into feature geometries (Sandler 1989, Co-
rina and Sagey 1989, Corina 1990) and notions of markedness (Brentari
1990a).

In this section I present a number of patterns that hold for hand-
shapes and argue for a set of constructs to capture those regularities.
Parts of the analysis presented here are similar to the proposals that
precede it, yet the sum of the representation is broader. For example,
whereas four major handshape configurations are accounted for in ac-
counts by Corina and Sagey (1989) and Brentari (1990a), the analysis
presented here predicts nine distinct handshape configurations, of which
seven are broadly attested in ASL and two occur in more specific con-
texts.

In rough terms, handshape refers to the configuration of the fingers
and thumb. Of all the characteristics of the sign, handshape is notewor-
thy because the hand exhibits considerable versatility. In the realm of
signing, the fingers and thumb assume a wide variety of configurations.
For example, in one domain of manual communication known as fin-
gerspelling there is a one-to-one relation between the shape of the hand
and the twenty-six letters of the alphabet, producing a manual alphabet.
Although the manual alphabet is often confused with signing, it is not
part of natural signs. It is an artificial gesture system designed to allow
the transliteration of spoken words into a manual orthography.

In spite of its origins, the manual alphabet enters ASL through cross-
modal borrowings. There are at least two types of these cross-modal bor-
rowings: (i) the set of “loan signs” described by Battison (1978), and (ii)
initialized signs, prescribed for artificial systems like SEE (Signed Ex-
act English) (Gustason, Pfetzing, and Zawolkow 1980). Battison (1978)
described a small set of fingerspelled versions of English words that un-
dergo assimilation to conform to the phonological properties of native
signs. For example the sequence of handshapes, n and o, (6a), undergo
changes to produce the sign that means no, (6b).
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(6) a. n and o b. no

Initialized signs are signs based on a sign from ASL that form a
semantic class. For example, the ASL sign for group is articulated with
a t-handshape to mean team, or with an f-handshape to mean family. In
this work I exclude these cross-modal borrowings from the analysis. Until
the phonology of the target language is well understood, any attempt to
characterize the change that borrowings undergo is premature.

Hence, in this section I focus on the distributional asymmetries of
native hand configurations that occur in (i) static postures, and (ii)
changes in hand posture that occur in simple signs. The phonological
constructs that emerge are the fingers and thumb, selected and non-
selected fingers, and base and non-base joints.

After arguing for those constructs, I consider a puzzling asymmetry
of hand configurations that appear to have the same handshape. I argue
that handshape alone is insufficient to capture lexical distinctiveness,
and that the orientation of the hand, specifically, the orientation of the
hand with respect to a construct called the hand prism (HP), must be
included in a lexically contrastive representation. The net result is a
formal representation of the hand as a rigid body whose configuration
is specified in terms of the hand prism. This geometric representation
anticipates the relation between the hand and signing space, defined in
the following chapter. I begin with an examination of the properties of
the fingers and thumb.

2.3.1 Fingers and Thumb

Physiologically, the fingers differ significantly from the thumb. The joints
of the thumb allow it to oppose the rest of the hand, a capability that
sets humans apart from other animals. Physiology aside, distributional
patterns in signs provide evidence for representing the fingers and thumb
as distinct phonological constructs.

In (7), for example, the fingers and thumb articulate independent
movements. In (7a) the index finger and thumb are straight while the
rest of the fingers are curled against the palm. The thumb is held at
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about a 45◦ angle with respect to the index finger, the tip of the index
finger points up, and the palm of the hand faces away from the signer.
To articulate the sign, the thumb wiggles back and forth, bending at its
end and middle joints while the index finger remains unchanged. In (7b)
the index and middle fingers and the thumb are straight while the rest
of the fingers are curled against the palm. The thumb is relaxed at the
same angle as for (7a).5 The hand is held near the side of the forehead
with the tip of the fingers pointing up, the tip of the thumb hovering
near the forehead, and the palm facing to the side. To articulate the sign,
the hand moves in small circles perpendicular to the signer, while the
middle and end joints of the index and middle fingers bend and extend.
The fingers complete one cycle of bending and extending as the hand
moves through one circle. The thumb, meanwhile, remains straight.

(7) a. twenty-one b. mischievous

So (7a) is articulated with the thumb changing position while the
fingers are static, and (7b) is articulated with the fingers changing po-
sition while the thumb is static. The unison movement of the fingers in
(7b) contrasts with the non-occurring gestures described in (8). Moving
only one of the extended fingers does not produce a well-formed sign.

(8) a. ∗(for mischievous, wiggle only the index finger)

b. ∗(for mischievous, wiggle only the middle finger)

In addition, only the fingers that are extended participate in the
movement. The static status of the non-extended fingers in (7) contrast

5 (7b) is an image from Humphries and Padden, Learning American Sign Lan-
guage (1992) with illustrations by Rob Hills, Daniel W. Renner, and Peggy Swartzel-
Lott. Other images from that publication reprinted and adapted by permission of
Allyn and Bacon are: apple, conflict, fire, hospital, incompetent, locale,
meet-you, milk, mother, now, old, per-cent, print, restaurant, shutdown,
and twenty-one.
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with the gestures described in (9). If the non-extended fingers move, the
gestures are not well-formed signs.

(9) a. ∗(for mischievous, move the ring and pinky)

b. ∗(for twenty-one, move the middle, ring, and pinky)

The propositions in (10) generalize the differences between the well-
formed signs in (7) and the ill-formed gestures described in (8) and (9)

(10) In a well-formed sign:

(i) the fingers that move articulate the same movements, and
(ii) the fingers that do not move maintain the same position

throughout the sign.

In some signs the fingers and thumb move at the same time. For
example, in (11), both hands are held in front of the signer. The thumb
and all of the fingers are straight, slightly spread, and held flat with
respect to the palm. The tips of the fingers point away from the signer
and the palms of the hands face up. To articulate the sign, the hands
move a few inches towards the signer along a straight path while the top
two joints of the fingers and thumb bend into a curved position. Both
movements start at the same time, and proceed at the same rate so that
the bending of the joints and the movement of the hands towards the
signer end at the same time.

(11) want

This sign contrasts with the ill-formed gestures described in (12). If
only the fingers change posture, (12a), or only the thumb changes, (12b),
the sign is ill-formed.
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(12) a. ∗(articulate want with only the fingers hooking)

b. ∗(articulate want with only the thumb hooking)

To summarize, the data in (7) and (11) show, respectively, that the
fingers and thumb may move independently, or as a unit. In addition,
the fingers may be subdivided into those that move and those that do
not, (10). To account for this latter difference, I adopt the terms selected
fingers and unselected fingers from Mandel (1981:82) who noted that the
fingers that move, move together, and those that do not move assume
either fully extended or fully closed positions, stated here as (13a).6

Mandel coined the terms selected fingers to identify those that move,
and unselected fingers to identify those that do not. To account for the
asymmetries between the fingers and thumb, I add the proposition in
(13b).

(13) a. The fingers function as a unit.

(i) The selected fingers articulate the same move-
ment.

(ii) The unselected fingers do not move.

b. The thumb and selected fingers may function as a unit,
or as independent units,

(i) If the thumb and selected fingers are a unit, they
articulate the same movement.

(ii) If the thumb and selected fingers are indepen-
dent, they need not articulate the same move-
ment.

The contrasts between the well-formed signs in (7) and the non-
occurring gestures described in (8) and (9) are accounted for by the
analyses in (14) and (15).

(14) (i) The selected fingers for twenty-one is the index finger.

(ii) The unselected fingers are the middle, ring, and pinky fingers.

(iii) By (13a(ii)), the middle, ring, and pinky fingers must not
move.

6“In any HC [hand configuration], the fingers can be exhaustively divided into no
more than two groups. One group, the selected fingers, can be in any one of ...[several

positions]... but they must all be in the same position. The unselected fingers (or

other fingers) may only be all extended or all closed.” Mandel (1981:82)
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(iv) Therefore, (9b) is ill-formed.

(15) (i) The selected fingers for mischievous are the index and mid-
dle fingers.

(ii) The unselected fingers are the ring and pinky fingers.

(iii) By (13a(i)), the index and middle fingers must move together.

(iv) Therefore, the gestures in (8) are ill-formed.

(v) By (13a(ii)), the ring and pinky fingers must not move.

(iv) Therefore, (9a) is ill-formed.

The contrast between the data in (11) and (12) is captured by the
analysis in (16).

(16) (i) All fingers are selected for want.

(ii) The selected fingers and thumb are a unit.

(iii) By (13b(i)), the fingers and thumb must move together.

(iv) Therefore, the data in (12) are ill-formed.

The constructs selected fingers, unselected fingers, and thumb are
crucial to the analyses in (14), (15), and (16), so they are adopted as part
of the model. Note that this is one of the instances in which descriptive
terms are adopted into the theoretical framework.

Furthermore, the proposition in (13b(ii)) predicts that if the fingers
and thumb are independent, then movement is obligatory on the part
of the hand that it is assigned to, but not necessarily excluded from the
other. The data in (17) indicate that it is acceptable in those cases for
movement to be “shared”, so (13) also provides a correct account of this
data.

(17) a. (twenty-one articulated with finger bending along with
thumb)

b. (mischievous articulated with thumb bending along with
fingers)

Given that there are four fingers, and sixteen logical combinations of
selected/unselected fingers, the question now is whether all those pos-
sibilities occur in ASL. As discussed in the next section, the answer is
negative.
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2.3.2 Selected and Unselected Fingers

In addition to the sixteen logically possible combinations of selected and
unselected fingers, the unselected fingers may assume one of two different
positions: (i) curled, or (ii) straight.

The sign in (18a), described as (2) in the previous section, is an
example of the unselected fingers, the middle, ring, and pinky, remaining
in a curled position throughout the articulation of the sign. The sign in
(18b) is an example of the unselected fingers held in a straight position.
In this sign the hand is held in front of the signer with the thumb and
all the fingers held straight and slightly spread. The fingertips point
away from the signer and the palm faces down. To articulate the sign,
two movements are made simultaneously: (i) all the joints of the index
finger and thumb bend until the tips of the index finger and thumb touch
and form a small circle, and (ii) the hand bends at the wrist, so that at
the end of the gesture, the palm of the hand faces away from the signer.
Both movements start at the same time and progress at the same rate
so that the finger and thumb tips touch at the same time that the palm
completes its outward movement.

(18) a. print b. choose

In both signs in (18) the index finger moves, so by (13a), the index
finger is selected, and the middle, ring, and pinky fingers are unselected.
In (18a) the unselected fingers are curled; in (18b) they are extended.
(13a) predicts that even if the unselected fingers are extended, they do
not move. The gestures described in (19) confirm that prediction. In
both cases, if the unselected fingers move, the gestures are no longer
well-formed.

(19) a. ∗(choose articulated with middle, ring, and pinky fingers
bending)

b. ∗(choose articulated with middle, ring, and pinky fingers
curling)
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Although the unselected fingers are acceptable curled, as in (18a), or
extended, as in (18b), the same is not true for all hand configurations.
For example, in (20), the middle and ring fingers are the unselected
fingers. In (20a), they are curled, and in (20b), they are extended. (20a)
is a hand configuration that occurs in ASL, while (20b) does not occur
in well-formed signs in ASL.

(20) a. −sel: curled b. ∗(−sel:straight)

Similarly, in (21), the middle finger is selected; the index, ring, and
pinky fingers are unselected. In (21a), the unselected fingers are curled,
and in (21b), the unselected fingers are straight. (21a) is a hand config-
uration that does not occur in ASL; (21b) does.

(21) a. ∗(−sel:curled) b. sel:straight

Hence, for some sets of selected fingers the unselected fingers may be
either curled or extended, (18), and for other combinations of selected
fingers the unselected fingers are obligatorily curled, (20), or obligato-
rily extended, (21). The combinations of selected and unselected fingers
that occur in ASL are listed in (22). A checkmark,

√
, indicates that the

combination occurs, and an asterisk, ∗, indicates that it does not. (22a),
designated as having no selected fingers, could also be stated as all fin-
gers selected (IMRP), with an uninformative assignment of unselected
fingers.
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(22) Unselected fingers
Selected fingers Straight Curled

a. none
√ √

b. I
√ √

c. IM ∗
√

d. IMR ∗
√

e. IP ∗
√

f. M
√

∗

To capture the difference between the well-formed and non-occurring
hand configurations in (22), consider the organization of the fingers in
(23a). Consistent with their physiological organization, the index and
pinky fingers are designated “edge” fingers and the middle and ring fin-
gers are “inner” fingers. Based on the designations in (23a), the propo-
sitions in (23b) simplify the specification of the possible sets of selected
fingers. (23b(i)) captures the pattern of (22a), (22b), (22c), (d22d), and
(22e); (23b(ii)) captures (22f).

(23) a. e e
d d
g inner g
e e

I M R P
n i i i
d d n n
e d g k
x l y

e

b. The sets of selected fingers are:

(i) Any set of contiguous fingers that include the Index fin-
ger.

(ii) One inner finger.

Given the special status of the index finger in (23b(i)), the patterns
of selected fingers suggest the hierarchical organization of fingers in (24).
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(24) Fingers

Index Not-index

Inner Pinky

Middle Ring

Thus, the set of possible combinations of selected fingers and postures
of unselected fingers for ASL can be reduced to the set that meets the
stipulations in (25).

(25) a. For any combination of selected fingers that includes the in-
dex finger, the unselected fingers may be curled.

b. If the index finger is not included, then the unselected fingers
may only be straight.

c. If only the index finger is selected, or no fingers are selected,
then the unselected fingers may be straight.

Although these generalizations capture the patterns observed in ASL,
they are subject to further cross-linguistic scrutiny. For example, the
choice of a selected inner finger may be language dependent. As noted
in (22), for ASL the only inner finger that is selected alone is the middle
finger. In contrast, in Dutch Sign Language (Nederlands Gebarentaal,
or NGT), the ring finger, not the middle finger, is selected in the small
set of signs in which only one inner finger is selected.

In addition, as indicated in (22f), extending the middle finger while
curling the other fingers does not occur in ASL. That exclusion may,
however, reflect cultural bias rather than linguistic status. The hand
configuration is taboo in the United States, but in Japan it is often used
for pointing. It also occurs in both Taiwan Sign Language and Japanese
Sign Language.

Nevertheless, the patterns of selected fingers reflect some sort of un-
derlying organization, tentatively captured for ASL by (25). More spe-
cific proposals await further cross-linguistic analysis.

2.3.3 Base/Non-Base Joints

For each of the fingers and thumb, there are three joints, illustrated in
(26): (i) the knuckle, the joint that joins the finger to the hand, (ii) the
“middle joint”, and (iii) the “end joint”, the joint at the outermost tip
of the fingers and thumb. What corresponds to the knuckle joint for the
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thumb is not as obvious, but it is the joint at the point where the thumb
seems to attach to the hand.7

(26) Joints

Although each finger and thumb has three joints, they do not move
independently.8 Recall the pronunciation of the signs mischievous,
(7b), and print, (2). To articulate mischievous the middle and end
joints bend while the knuckle joint is straight. To articulate print the
index finger and thumb bend only at their knuckle joints; the middle
and end joints remain straight.

The configurations of the fingers and thumb used to articulate either
mischievous or print contrast with the ill-formed gestures described
in (27). Although some people are able to articulate (27a), most people
find the gesture impossible or, at best, difficult. Similarly, bending only
the middle joint is possible for some people, nearly impossible for others,
and usually simpler if the knuckle joint is also bent. Independent of the
physiological challenge they pose, the gestures described in (27) do not
occur in well-formed signs.

(27) a. ∗(bend only the end joint)

b. ∗(bend only the middle joint)

The contrast between the gestures in (27) and the well-formed signs,
mischievous and print, is captured by the proposition in (28).

7Although the thumb is constructed of joints that are more complex than the
other joints in the fingers, that difference is not of direct consequence. However, it
does provide some phonetic grounding for the distinction between the fingers and
thumb discussed in the next section.

8Ann (1993) presents this same observation based on the physiology of the hands.
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(28) In well-formed signs, the middle and end joints bend together.

The organization of the joints is simplified by the proposition in (29).

(29) a. The base joint is the knuckle joint.

b. The non-base joints are the middle and end joints.

The tree in (30) reflects the organization of the joints suggested
here. To simplify the reference to the joints, I adopt the binary fea-
ture [ Base ], where [ +Base ] refers to the base joint, and [ −Base ]
to the non-base joints.

(30) Joints

Base Non-Base
[ +base ] [ −base ]

Knuckle Middle End

In the next section, I argue for a set of features for the base and
non-base joints that captures the properties of the set of well-formed
handshapes in ASL.

2.3.4 Joint Values

The sign in (31a) is an example of what has been referred to in the
literature as “finger spreading” (Corina and Sagey 1989). In (31a), the
fingers and thumb are straight, and slightly separated from each other.
At the start of the gesture, the hand is held a few inches from the chin
with the tip of the thumb pointing towards the signer and the palm
facing to the side. To articulate the sign, the hand moves in a straight
line towards the chin until the tip of the thumb touches the center of
the chin.9 In contrast, to articulate (31b), presented earlier as (1), the
fingers are held together throughout the gesture.

9There are at least two other pronunciations of this sign: (i) hold hand at chin
and wiggle fingers, (ii) move hand toward chin and touch chin repeatedly. The model
of visual phonology proposed here also accounts for these pronunciations.
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(31) a. mother b. good

In previous analyses, the spreading of the fingers is treated as a
phonological property and assigned the feature [spread] (Corina and
Sagey 1989). In this section I argue that the spreading (or absence of
spreading) of the fingers is a predictable property of signs. I present a
puzzle in which three different positions of the knuckles produce three
different patterns of finger spread, and propose a solution in which I
adopt three distinctive joint positions: (i) extended, or what I have been
referring to as “straight”, (ii) neutral, or “curved”, and (iii) flexed, or
“curled”. Not only does this capture the distribution of finger spread-
ing, it also provides the theoretical machinery to state constraints on
handshape change.

The joint features proposed here are similar to the binary features
proposed by Corina and Sagey (1989): (i) [ +/ − bent ], that specifies
bending or straightness of the knuckle, and (ii) [ +/ − hook ], that
specifies bending or straightness of the other joints. But whereas Corina
and Sagey account for four major handshape configurations, I argue
that there are nine distinct handshapes to account for in ASL. Hence,
the need for a richer set of joint features.

The first data set of interest for this three part puzzle are the signs
in (31). Both are articulated with the fingers and thumb straight, but
as described above, in (31a) the fingers are spread and in (31b) they are
not. It is possible, however, for (31a) to be articulated with the fingers
together. Although the gesture looks odd, it is not distinct from (31a).
Likewise, the sign in (31b) can be articulated with the fingers spread.
Again, it is odd looking, but not distinct from (31b).

In contrast, in the second piece of the puzzle, in (32), finger spread
is obligatory. At the start of the gesture, the fingers and thumb are bent
slightly at the knuckle, and the middle and end joints are straight. The
tips of the fingers and the palm face away from the signer. To articulate
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the sign, the fingers and thumb bend at the knuckles until the finger and
thumbtips touch.

(32) shutdown

To articulate (32), as the tips of the fingers and thumb move closer
together, the fingers also move together. But at the start of the sign, the
fingers are obligatorily spread, in contrast with the gesture described in
(33) which is distinct from (32).10

(33) ∗(shutdown with fingers held together throughout the sign)

The last piece of the puzzle is a sign that excludes spreading. In (34)
the end and middle joints of the fingers are straight; the fingers bend
at the knuckles to form a right angle with the palm of the hand. The
thumbs are held at about a 45◦ angle at the side of the palm. The tips
of the fingers and the palm both face up. Both hands are held about
a foot in front of the signer’s upper chest. To articulate the sign, both
hands move down in a straight line for a few inches.

10The gesture in (33) can be interpreted as a form of a classifier meaning “some-
thing large deflates”. However, the focus in this work is on lexicalized signs. A dis-
cussion about the relation between the classifier system and the set of lexicalized
signs is, unfortunately, beyond the scope of this discussion (Supalla 1978, 1982, 1986,
Schick 1990).
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(34) now

The sign in (34) contrasts with the ill-formed gesture described in
(35).

(35) ∗(now with fingers spread)

The chart in (36) summarizes the puzzle presented by the data de-
scribed in (31) through (35). Knuckle position is described on the left
side of the chart, and finger position on the right side. The signs are
listed in the column that describes the spread or non-spread state of the
fingers. A checkmark,

√
, means that the alternative is acceptable, and

an asterisk, ∗, means that it is not.

(36) Finger position:
Knuckles Spread Not spread

straight mother
√

√
good

slightly bent shutdown ∗

bent at ∗ now
right angle

To account for this asymmetric distribution of finger spreading, I
adopt the joint features in (37).
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(37) Joint Feature Joint Posture
a. extended straight
b. neutral slightly bent
c. flexed bent to right angle

Given the features in (37), the propositions in (38) capture the dis-
tribution of spreading in (36).11

(38) a. If the base joint is extended, the fingers may or
may not spread.

b. If the base joint is neutral, the fingers obligatorily
spread.

c. If the base joint is flexed, finger spreading is ex-
cluded.

The results of this analysis of finger spreading are discussed below: (i)
it explains the association between finger spreading and fingerwiggling,
a specific type of movement in ASL, (ii) the joint features provide the
theoretical machinery to capture a constraint on handshape change, and
(iii) the combination of joints and joint features produce the inventory
of handshapes that occur in ASL.

Fingerwiggling. The sign in (39) is articulated with a movement that
has been dubbed fingerwiggling. In fact, the movement might more ac-
curately be described as “fingerwaving” because the fingers execute a
wavelike motion.

To articulate the sign in (39), the signer holds her non-dominant hand
in front of her with the fingers and thumb straight, fingers together and
the thumb at a 45◦ angle to the side of the index finger. The tips of the
fingers point to the side and the palm of the hand faces the signer.12 The

11There are two exceptions to (38a). First, handshapes used for numbers, e.g.,
2, 3, 4, and 5, are articulated with extended fingers that are obligatorily spread.
I propose that these handshapes, like the manual alphabet, are exceptions to the
general principles of signs that are native to ASL. Second, Corina (1993) notes a
small set of signs that are articulated with handshapes that alternate spread fingers
and fingers together, e.g., scissors, crab. I propose that those type of signs are
lexicalized forms of gestures that originate in the classifier system and, as such,
may import non-native properties like alternating spreading. In both these cases,
spreading must be stipulated. Barring evidence to the contrary in the native signs
from other sign languages, these may be the only stipulations required with respect
to the claims made here.

12(39) is reprinted by permission of the publisher from The Signs of Language
by Edward Klima and Ursula Bellugi, Cambridge, Mass.: Harvard University Press,
Copyright (c) 1979 by the President and Fellows of Harvard College. Other images
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hand maintains this position for the duration of the sign. The dominant
hand hovers about two inches above the static hand, with the fingers
and thumb straight and the fingers slightly spread. The fingertips are at
right angles with respect to the static hand, and the palm of the hand
faces downward. The thumb is at a 45◦ angle to the side of the index
finger and is static throughout the sign. The wave starts with the pinky
bending forward slightly at the knuckle. The ring finger follows, then
the middle finger, and finally the index finger; each one bending slightly
at the knuckle. As soon as the pinky has bent forward (and even while
the ring finger is just starting its first movement), it moves back to its
original upright position; the ring finger, then the middle finger, and
finally the index finger follow suit. The effect is a wavelike motion of
the fingers that starts with the pinky.13 In signs like (39), fingerwiggling
is usually articulated with two or three cycles of these “finger waves”.

(39) study

In rapid signing, the movement may be reduced to a wave that in-
volves only the index and non-index fingers moving back and forth,
producing a trilling effect. Nevertheless, a careful articulation of finger-
wiggling is produced by a full wave that engages all four fingers.

The fingerwiggling in (39) contrasts with the non-occurring gesture
described in (40).

from that publication are children, dry, summer, thing, ugly, articulatory space,
and various handshapes.

13In Japanese Sign Language it appears that fingerwiggling is articulated with a
wave-like motion that starts with the index finger. Although the movement feels odd
to Americans, in hearing Japanese culture a similar movement occurs in a counting
gesture. The fingers start in an extended position, then one by one, from the index
to the pinky finger, each finger is bent towards the palm. This observation raises two
interesting questions: (i) Is fingerwiggling universal? If so, how is it articulated? and
(ii) What influence/overlap is there between the native sign language of an area and
the gesture system of the associated spoken language?
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(40) ∗(hold fingers together and wiggle fingers)

The analysis in (41) provides an explanation for the ill-formed gesture
in (40).

(41) To wiggle the fingers, the base joints alternate between extended
and neutral positions.

(i) Although by (38a) finger spread is optional, because the
joints are in the neutral position, by (38b) finger spread is
obligatory.

(ii) To comply with (38b), fingers are spread.

Handshape change constraint. Recall the signs for print, (2), and
mischievous, (7b). To articulate mischievous all joints of the selected
fingers are straight, then the end and middle joints bend. To articulate
print the index finger is bent slightly at the knuckle and straight at the
end and middle joints. The index finger bends at the knuckle to touch
the tip of the thumb. In contrast to these well-formed gestures, the com-
bination of the initial configuration of the index finger in print with the
final configuration of the index finger in mischievous is an unattested
handshape change in ASL. There is also no well-formed sign in which
the fingers are bent at the base joint while the non-base joints change
from an extended to a neutral position. These possible and impossible
sequences of combinations are represented in (42). (42a) represents the
change used to articulate the well-formed sign mischievous. (42b) rep-
resents the non-occurring combination of the initial configuration from
print and the final configuration of mischievous, and (42c) represents
the third change described above.

(42) a.

{
+base : extended
−base : extended

}
−→

{
+base : extended
−base : neutral

}

b. ∗
{

+base : neutral
−base : extended

}
−→

{
+base : neutral
−base : neutral

}

c. ∗
{

+base : flex
−base : extended

}
−→

{
+base : flex
−base : neutral

}

The set of constraints in (42) can be stated more simply as a sin-
gle constraint on the base joint: if the base joint is not extended, then
the non-base joints cannot articulate a change from an extended to a
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neutral position. From this perspective, the model can be simplified by
re-stating the feature values as the binary features in (43). If the joint is
[ +ext ] and [ −flex ], then it is extended, (43a); if it is [ −ext ] and
[ −flex ], then it is in the neutral position, (43b); and if it is [ −ext ]
and [ +flex ], then it is flexed, (43c). A joint cannot be extended and
flexed at the same time, so the combination in (43d) is ruled out on the
basis of its physiological impossibility.

(43) extended (ext) flexed (flex)

a. extended + −
b. neutral − −
c. flexed − +
d. ∗ (impossible) + +

Adopting the features in (43), the observations from (42) can be
re-stated as constraints in (44).

(44) a.


+Base :

[
+ext
−flex

]
−Base :

[
+ext
−flex

]
 −→


+Base :

[
+ext
−flex

]
−Base :

[
−ext
−flex

]


b. ∗


+Base :

[
−ext
−flex

]
−Base :

[
+ext
−flex

]
 −→


+Base :

[
−ext
−flex

]
−Base :

[
−ext
−flex

]


c. ∗


+Base :

[
−ext
+flex

]
−Base :

[
+ext
−flex

]
 −→


+Base :

[
−ext
+flex

]
−Base :

[
−ext
−flex

]


The set of constraints in (44) can be simplified to (45).

(45) If [ +Base : −ext],

then ∗
{
−Base :

[
+ext
−flex

] }
−→

{
−Base :

[
−ext
−flex

] }
.

So the feature set in (43) provides a way to capture constraints on
sequences of handshapes. They will be discussed more in Chapter 4.
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Inventory of handshapes. The feature set in (43) produces the set
of logical possible combinations in (46).

(46) Non-Base Joints

Base Joint

[
+ flex
− ext

] [
− flex
− ext

] [
− flex
+ ext

]
[

+ flex
− ext

]
closed curved-closed flat-closed

[
− flex
− ext

]
restricted1 curved flat

[
− flex
+ ext

]
restricted2 flat-curved open

Seven of the possibilities are common in ASL, (47). The names are
adopted from descriptive work on ASL except for the open-curved hand-
shape, (47g), not previously characterized as a distinct handshape.14

(47)

a. open b. closed c. curved

d. curved-closed e. flat f. flat-closed

g. open-curved

14In Chapter 4, the open-curved handshape is shown to be distinctive with respect
to handshape change.
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The hand configurations marked restricted1 and restricted2 occur in
ASL, but under restricted conditions. For example, as in (48a), ASL has
a configuration like restricted1 in which the base joint is in the neutral
position and the non-base joints are flexed. However, this configura-
tion occurs only when the index finger is selected. A configuration like
restricted2 is the handshape adopted to represent the letter x in the
manual alphabet.

(48) a. apple b. x

So, as predicted by the feature set, the restricted1 and restricted2

handshapes occur in ASL, even if only under specific conditions. Hence,
the joint and feature system proposed here accounts for the data in
ASL. Whether similar claims can be made about handshape inventories
in other signed languages is a task left for future work.

2.3.5 Opposed Thumb

As mentioned above, the joint specifications in (43) apply to the thumb
as well as the fingers. However, as illustrated in (49), the thumb can
assume one of three positions. In each configuration in (49) the index
finger is extended and the other fingers are curled against the palm; only
the position of the thumb varies. In (49a) the thumb is wrapped around
the folded fingers, in (49b) the thumb is held flat with respect to the
palm approximately at right angles with respect to the index finger, and
in (49c) the thumb is opposite the index finger. (49a) occurs in signs like
dream, described in Chapter 1, (49b) occurs in signs like twenty-one,
(7a), and (49c) occurs in signs like print, (2). Hence, there is evidence
that at least three thumb positions should be included in the model.
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(49) a. 1 b. l c. bent-l

In the data described in this chapter the thumb exhibits a variety of
patterns with respect to the fingers. In some signs it patterns with the
selected fingers, in others with the unselected fingers, and in still others
the thumb acts independently.

For the signs want, (11), and choose, (18b), the thumb articulates
the same movement as the fingers. To articulate choose it mirrors the
movement of the index finger, that is to say, the thumb is held opposite
the index finger and mimics it as it changes from a straight to a curved
posture. In contrast, to articulate want, the thumb makes the same
change as the fingers, namely from a straight to a flat-curved shape.
However, in this case the thumb does not oppose the fingers. Rather, it
is in the same plane as the fingers. In both cases, the thumb movement
with the fingers is obligatory, as illustrated by the ill-formed gestures
described in (50).

(50) a. ∗(choose with thumb by the side of the hand)

b. ∗(choose with thumb curved against the palm of the hand)

c. ∗(want with thumb opposite to and mirroring the fingers)

d. ∗(want with thumb on the side but not moving)

The difference between the well-formed signs and the gestures in
(50) is captured by the observation that the thumb is included with the
set of selected fingers. However, the distinct positioning of the thumb,
specifically that it is opposite from the index finger in choose but in
the same plane as the index finger for want, is puzzling. The pattern
of articulation for two other signs helps solve this puzzle.

Recall the signs dream, described in Chapter 1, and study, pre-
sented earlier as (39). To articulate dream, the index finger is extended,
while the other fingers are curled against the palm of the hand and the
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thumb rests across them. In this case the thumb patterns with the uns-
elected fingers. To articulate study, the fingers move while the thumb
is extended at the side of the hand and does not move. In this pro-
nunciation the thumb appears to be unselected. However, an optional
pronunciation of study is to articulate it with the thumb resting against
the side of the palm. To contrast with these possibilities, the gestures
described in (51) are not acceptable signs.

(51) a. ∗(dream with thumb to the side)

b. ∗(dream with thumb opposite the extended index finger)

c. ∗(study with thumb opposite the extended fingers)

In fact, two characteristics of the thumb are salient in the pattern
of these signs: (i) whether it is selected, and (ii) whether it opposes the
fingers. For example, choose and want pattern together, but choose
and dream also pattern together. For choose and want the thumb
patterns with the selected fingers. For choose the thumb patterns with
the selected fingers, and for dream it patterns with the unselected fin-
gers, but in both cases it is held in a position opposite to the fingers
it patterns with. study patterns with dream in that the thumb is not
selected, but it has the peculiar property of being either open or closed,
thus varying between the two options for the unselected fingers. The
set of logical possibilities and the patterning of the data is captured in
(52).15

(52) Opposed
Selected + −

+ a. choose b. want

− c. dream d. study

Thus, if the thumb is selected, it assumes the same posture as the
selected fingers, (52a) and (52b), but if it is not selected and opposed

15Liddell and Johnson (1989) include the feature opposed to capture the variety of
positions of the thumb. Thanks to Diane Brentari for pointing out that the opposition
of the thumb might solve the puzzle that signs like videotape and denver-boot pose
when only fingers and joints are considered.
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to the unselected fingers, (52c), it will be folded against the palm. Only
if the thumb is not selected and not forced to be in opposition to the
relevant set of fingers is it free to vary between postures, (52d).

2.3.6 Handshape

In sum, in this section I have argued for a formal representation of
handshape. During the course of the discussion, the dominance relations
represented by the tree structures in (53) and (54) have been suggested.
The tree in (53) captures the relations between the five appendages
of the hand. In (53) any of the appendages below the Hand node are
subject to selectedness, but only the thumb is subject to opposition so
it is represented on a branch separate from the fingers. Within the set of
fingers, the index finger is singled out in describing patterns of selected
fingers in well-formed handshapes, hence, the finger node branches to
differentiate the index finger from the other fingers. In the set of non-
index fingers, data from Dutch Sign Language (NGT) suggests that the
inner fingers are interchangeable, so they are on a branch separate from
the pinky which, as an edge finger, patterns with the index finger.

(53) Hand

Thumb (T) Fingers

Index (I) Non-index

Inner Pinky (P)

Middle (M) Ring (R)

The tree in (54) captures the organization of the joints of each ap-
pendage into base and non-base joints.

(54) Joints

Base Non-Base

Knuckle Middle Joint End Joint
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The representation of a handshape thus requires two pieces of infor-
mation: (i) the joint values of selected and unselected fingers, [ +/−ext ]
and [ +/−flex ], and (ii) the opposition of the thumb, [ +/−opposed ].
The frame in (55) presents a skeleton for capturing this. The sets of
possible values are indicated in parentheses. To illustrate the use of this
notation, the representation for the hand configuration in (56a) is given
in (56b).

(55) HS:



+Selected : [ (TIMRP ) ][
+base :

[
(+/−)ext
(+/−)flex

] ]
[
−base :

[
(+/−)ext
(+/−)flex

] ]
−Selected : [ (TIMRP ) ][

+base :

[
(+/−)ext
(+/−)flex

] ]
[
−base :

[
(+/−)ext
(+/−)flex

] ]
Thumb : [ (+/−)opposed ]



(56)



+SEL : [ I ]
+base :

[
+ext
−flex

]

−base :

[
+ext
−flex

]


−SEL : [ TMRP ]
+base :

[
−ext
+flex

]

−base :

[
−ext
+flex

]


THUMB : [ +opposed ]


a. Handshape b. Representation of Handshape
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For the hand configuration in (56a) the index finger is selected; all of
its joints are extended, so the finger is straight. The rest of the fingers
and the thumb are unselected; all of their joints are bent, so they are
curled against the palm of the hand. The thumb is opposed to the fingers,
so it rests against the bent fingers and will not alternate with an open
position. However, as discussed in the next section, the representation in
(56b) is ambiguous because the orientation of the hand is also distinctive.

2.4 Hand Orientation

The signs in (57) are ostensibly articulated with the same handshape.
Both signs are articulated with two hands. The index finger of both
hands are straight while the other fingers are curled against the palms
of the hands and tucked under the thumbs. In both cases, the hands are
held in front of the signer. In (57a) the tips of the fingers point away
from the signer and the palms of the hands face the sides. At the start
of the gesture the hands are a few inches apart. To articulate the sign
the hands move towards each other along a straight path. As the hands
meet, the fingers cross so that the hands stop moving when the knuckles
of the middle fingers touch. In (57b) one hand is held still while the
other moves towards it. Both hands are held so the fingertips point up.
The palm of the static hand faces the signer and the palm of the moving
hand faces away from the signer. The moving hand starts a few inches
from the static hand. It then moves towards the static hand along a
straight path until the front of the folded fingers touch.

(57) a. conflict1 b. meet-you1

Slightly altering the handshape of the signs in (57) presents an inter-
esting contrast. (58a) illustrates an overhead view of the final position
of the hands in (57a). In (58b) the handshape is changed so that the
index finger bends at the knuckle to form a 90◦ angle with the palm
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while the middle and end joints of the index finger are still straight. The
result is an acceptable variation of the sign in (57a). The difference be-
tween (58a) and (58b) is minor. In contrast, if (57b) is articulated with
the modified handshape, the sign is ill-formed, (58b). So for (57a) the
handshapes may vary, but for (57b) the handshapes are distinctive.

(58) a. conflict1 b. conflict2 c. ∗meet-you2

A hint towards understanding this pattern is to notice the part of
the hand that seems to lead the movement. In (57a) and (58b) the hands
move along the direction that the fingertip points. In contrast, in (57b)
the hands move along the direction that the palms face. If we take the
front of the hand as leading the movement, then one way to differentiate
between the signs is to identify when the fingertip acts as the front of
the hand and when the palm acts as the front of the hand. In other
words, relative to some system of reference, it is necessary to be able to
specify the facingness, or orientation, of the hand. The reference system
I propose is based on rectangular geometry.

2.4.1 Hand Prism

I start by proposing an abstraction of the hand in terms of its six sides.
Holding all the fingers straight, it is possible to identify three pairs of
opposing sides: (i) the palm and back of the hand, (ii) the fingertips and
base of the hand, and (iii) the thumb-side and pinky-side of the hand.
For this representation of the hand each of the sides is roughly parallel
to its opposing side and perpendicular to its adjoining sides, as in (59a).

To specify the orientation of the hand, I adopt the reference sys-
tem in (59b) – the hand prism.16 The hand prism (HP) is a rectangular
prism that represents the space immediately around the hand. For con-

16This discussion anticipates the formalization of the term orientation. In Chapter
3 it is defined as a dyadic relation between two constructs. In this case orientation is
defined in terms of the relation between the hand and HP.
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venience, the sides of the hand prism are named front, back, top, bottom,
contralateral side, and ipsilateral side. The ipsilateral side refers to the
same side as the hand being represented, and contralateral side refers to
the opposite side as the hand being represented.

As illustrated in (59b), the relative orientation of the hand can be
specified by placing the hand inside the hand prism (HP). The position
of the hand in HP can be unambiguously stated by specifying the as-
sociation of two adjoining sides of the hand with the respective sides of
HP. In this example the palm of the hand is parallel to the front of HP,
and the fingertips of the hand are parallel to the top of HP.17

(59) a. Hand b. Hand Prism (HP)

With these constructs the hand configuration used to articulate (57a)
can be differentiated from the configuration used to articulate (57b).

(60) a. g-handshape b. 1-handshape

The hand configuration used to articulate (57a) is given in (60a), and
the configuration used to articulate (57b) is given in (60b). In (60a), the

17Note that only two of the six relations between faces of the prisms need to
be specified. Specifying the relation between two faces of the hand and HP that
are at right angles to each other is the same as specifying the orientation of two
dimensions of the hand in HP. The relation between the three dimensions, represented
in coordinate geometry as the x-, y-, and z-axes, is predetermined so that specifying
the orientation along two of the axes necessarily determines the orientation of the
third.
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palm and fingertips of the hand are associated with the side and front of
the hand prism, respectively; in (60b), they are associated with the front
and top of the hand prism. For ease of discussion I refer to the former as
the g-handshape and the latter as the 1-handshape. This follows Sandler
(1989) who recognizes the distinction between these configurations.

Adding this information to the specification for handshape provides
the distinct representations for each of the hand configurations. (61) is
the notation for the g-handshape, and (62) is the notation for the 1-
handshape. The specification for hand prism (HP) includes information
about the handshape (HS), as well as the location (LOC) and orientation
(OR) of the hand in the hand prism. The location of the hand in the
hand prism is captured by associating the center of one prism with the
center of the other.18 The orientation of the hand in the hand prism is
captured by specifying the associations of the fingertips and palm to the
relevant faces of the hand prism.

(61) g-handshape:

HP



LOC
[
BaseHand : BackHP

]
OR

[
PalmHand : Contra-SideHP

FingertipsHand : FrontHP

]

HS



+SEL : [ I ]
+Base :

[
+ext
−flex

]

−Base :

[
+ext
−flex

]


−SEL : [ TMRP ]
+Base :

[
−ext
+flex

]

−Base :

[
−ext
+flex

]


THUMB : [ +opposed ]




18In Chapter 3 location is formally defined as a dyadic relation between two con-

structs. The location relation between the hand and hand prism is assumed to be
static, and is specified by associating one face of the hand, usually the base, with a
face of the hand prism, usually the bottom.
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The minimal difference between these hand configurations is the
specification of orientation. In (61) the fingertips are associated with
the front of the hand prism and the palm is associated with the side of
the hand prism. In contrast, in (62) the fingertips are associated with
the top of the hand prism and the palm is associated with the front of
the hand prism.

(62) 1-handshape:

HP



LOC
[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

FingertipsHand : TopHP

]

HS



+SEL : [ I ]
+Base :

[
+ext
−flex

]

−Base :

[
+ext
−flex

]


−SEL : [ TMRP ]
+Base :

[
−ext
+flex

]

−Base :

[
−ext
+flex

]


THUMB : [ +opposed ]




Hence, the difference between the data in (57) is accounted for by

the complete representation of the hand captured by the hand prism.
Specifically, the representation includes not only the configuration of
the fingers and thumb, but also the orientation of the hand with respect
to the hand prism. In the next chapter, I discuss the relation of the hand
prism to signing space.



3

Signing Space

In this chapter I argue for a formal representation of signing space as a
set of nested rectangular prisms, (1). The hand prism (HP) from the pre-
vious chapter is nested in local signing space (LSS), a construct that rep-
resents the space corresponding to the lexical sign. Local signing space
is, in turn, nested in global signing space (GSS), a construct that repre-
sents the space corresponding to the level of an utterance. And global
signing space is nested in discourse signing space (DSS), a construct that
constrains the use of space at the level of discourse.

(1) Signing Space

The result is a formal representation of signing space in which the
position of the articulators can be unambiguously stated in terms of the
relative positions of these nested spatial constructs. In this chapter loca-
tion and orientation are formalized as dyadic relations between adjacent
prisms.

55
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3.1 Local Signing Space

In this section I argue for local signing space, a construct that represents
the space in which a simple sign is articulated. I start by presenting
observations that have been described in previous studies of signs (e.g.,
Klima and Bellugi 1979), namely that a simple sign is articulated in a lo-
calized area, and that the hand(s) are constrained to a two-dimensional
space that is, in general, either parallel to or perpendicular with respect
to the signer’s body. I then describe variations in the size of the ges-
ture that demonstrate that, although the hand moves along only two
dimensions to articulate a sign, the size of lexical space varies along all
three dimensions of space. I propose that the appropriate formalism for
modeling these properties is coordinate geometry. In particular, I adopt
a six-sided representation of the lexical signing space I call local signing
space. I start by arguing for a plane of articulation that constrains the
type of movement referred to in previous analyses as “path movement”
(e.g., Liddell and Johnson 1989).

3.1.1 Planar Movements

As illustrated by the data in (2), there are three basic shapes that the
path of the hand follows: straight, circular, and arc-shaped.1 (2a) is ar-
ticulated with a straight path movement, (2b) with circular path move-
ment, and (2c) with an arc-shaped path movement.

In (2a) all of the fingers are held straight and together; the thumb is
tucked against the palm. The fingertips point to the side, and the palm
faces down. The side of the tip of the index finger starts at the same side
of the chin as the hand that is articulating the sign. To articulate the
sign, the hand moves across the chin in a straight line. The side of the
index finger is always in contact with the side of the chin. The gesture
stops when the knuckle of the index finger reaches the other side of the
chin.

In (2b) the fingers are curled against the palm and the thumb is held
against the side of the index finger. With the palm facing towards the
signer, the middle part of the fingers touch the middle of the chest. To
articulate the sign, the hand makes a large circle at the chest while the
hand maintains contact with the chest. The gesture ends at the same
point that it starts – at the middle of the upper chest.

In (2c) the index finger is straight while the rest of the fingers are
curled against the palm with the thumb held across them. The tip of
the index finger points up and the palm of the hand faces away from

1Other path shapes that can be attributed to sequences of straight and circular
path movements are described in Chapter 4, Section 4.1.3.3.
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the signer. To articulate the sign, the tip of the index finger starts near
the upper part of the cheek. The hand moves in a straight line towards
the face until the tip of the index finger touches the cheek. The hand
then moves along an arc-shaped path and touches the lower part of the
cheek. It is also possible to articulate the sign by first touching the lower
part of the cheek and then touching the upper part of the cheek.

(2) a. lie b. sorry1 c. deaf

These data illustrate two properties of the sign gesture: (i) the path
of the gesture is confined to two-dimensional space, and (ii) the shape
of the path of the gesture is restricted. The first property is accounted
for in this section; the second property is discussed in Chapter 4.

In each of the signs in (2) the movement of the hand is confined
to a two-dimensional space. To articulate (2a) the hand moves along a
line that is parallel to the front of the face, to articulate (2b) the hand
moves along a circle parallel to the chest, and to articulate (2c) the hand
moves along an arc that is perpendicular to the cheek. These well-formed
gestures contrast with the physiologically possible gestures described in
(3) that do not occur in ASL.

(3) a. ∗(Hand moves in spiral while moving upward)

b. ∗(Hand moves in spiral while moving downward)

c. ∗(Hand moves downward in front of signer, then in a circle
perpendicular to the signer)

In each gesture described in (3) the hand moves along three dimen-
sions of space. In contrast, to articulate the well-formed signs in (2) the
hand moves along only two dimensions of space. In other words, whereas
it is possible to trace the patterns articulated in (2) on the surface of a
table, the gestures described in (3) require the hand to move outside of
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the two dimensional surface defined by a table top. This observation is
generalized in (4).

(4) In a sign gesture, the hand moves from one place to another in a
single flat area.

A “flat area” like a table top is, in formal geometric terms, a plane.
Referring to the plane that the hand moves in to articulate a sign as a
plane of articulation, the generalization in (4) can be stated formally as
(5).

(5) In a well-formed sign, the manual articulator moves along a
single plane of articulation.

Because the gestures described in (3) are articulated in three-dimen-
sional space, they are correctly ruled out by the proposition in (5). The
construct plane of articulation is crucial to the statement of (5), therefore
it is adopted into the model.

For a sign articulated in the space in front of the body, as in (6), the
properties of movement are more specific. The fingers and thumbs of
both hands are held in fists so the back of the hands face the signer and
the palms face away from the signer. To articulate the sign, the hands
move along parallel circles at the same rate, but are 180◦ out of phase
with each other. In other words, when one hand reaches the highest
point of its circle, the other hand is at the lowest point of its circle. The
hands make two or three circling movements to articulate the sign.

(6) bicycle

In this sign the hands are parallel to each other throughout the ar-
ticulation of the sign. This contrasts with the physiologically possible
but non-occurring gestures described in (7).
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(7) a. ∗(bicycle with hands moving along circles at 45◦ with respect
to each other)

b. ∗(one hand moves in a circle that is perpendicular to the
signer; the other hand moves in a circle that is horizontal
with respect to the signer)

The difference between the well-formed sign in (6) and the gestures
described in (7) is that the hands move in parallel circles in the former
and in non-parallel circles in the latter. This observation is captured by
the generalization in (8). The generalization captures a property of signs
that must be captured by the model.2

(8) In a two-handed sign, the hands move along parallel paths.

Another property of signs that must be accounted for is illustrated
by the sign in (9). In formal terms a plane of articulation represents an
infinite set of parallel lines. The sign in (9) provides evidence that it
is not the entire plane, but only a portion of it that is relevant. Recall
from sign (1) in Chapter 2 that (9) is articulated at the chin, and that
to articulate the sign the hand moves away and slightly downward from
the chin along a straight path, stopping a few inches in front of the chin.

(9) good

The well-formed sign in (9) contrasts with the gestures described in
(10) which differ from (9) in the distance that the hand travels from the
chin. In (10a) the hand moves much farther than in (9), and in (10b) the
hand moves much less than in (9). As discussed in Section 3.1.2.1, the

2A complete discussion of two-handed signs is beyond the scope of this discussion.
See Section 5.3.1 for a brief discussion of two-handed signs in a transition-based
model.
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pronunciations in (10a) and (10b) are possible, but only under special
circumstances, as indicated by the hash mark (#) that precedes them.
(10c) is very odd, to the point of being an ill-formed version of the
gesture in (9).

(10) a. #(good articulated with hand moving a foot and a half away
from chin)

b. #(good articulated with hand moving one inch from chin)

c. ∗(good with hand moving away until arm is maximally ex-
tended)

Similarly, the physiologically possible gestures described in (11) are
ill-formed variations of the signs in (2a) and (2c).

(11) a. ∗(lie articulated with hand starting near shoulder, moving
across chin, and continuing as far as hand can reach)

b. ∗(deaf with hand moving along arc that extends as far as the
arm can reach)

The difference between the well-formed signs in (2) and (9), and their
variations in (10) and (11), is captured by the generalization in (12).

(12) The movement of a simple sign starts and ends in the same general
vicinity.

In formal terms, the hand is confined to only a small part of the
potentially infinite area of the plane of articulation. This is stated in
(13).

(13) The plane of articulation is finite.

(13) is a formal property that will be incorporated into the represen-
tation after considering other properties of signs relevant to the plane of
articulation.

Recall that lie, (2a), is articulated by moving the hand in a straight
line parallel to the front of the chin, sorry, (2b), by moving the hand
along a circle that is parallel to the chest, deaf, (2c), by moving the
hand along an arc that is perpendicular to the cheek, and good, (9), by
moving the hand along a straight path perpendicular to the chin. These
gestures are either parallel or perpendicular with respect to the body,
and contrast with the gestures described in (14).
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(14) a. ∗(lie articulated by holding the palm of the hand at a 45◦

angle with respect to the front of the face)

b. ∗(sorry articulated with a circular movement at a 30◦ angle
with respect to the chest)

c. ∗(deaf articulated with an arc along a 20◦ angle with respect
to the face)

d. ∗(good articulated with the hand moving along a 45◦ angle
with respect to the face)

The gestures described in (14) contrast with their well-formed coun-
terparts in that the signs are articulated with movements of the hand
that are either parallel or perpendicular to the body. In a mix of formal
and informal terms, this observation can be generalized as (15).

(15) The plane of articulation is parallel or perpendicular to the
signer’s body.

(15), along with (13), are properties that must be accounted for in a
formal representation of the sign.

3.1.2 Proportional Gestures

In this section, I consider two factors that affect the relative size of
signing gestures: (i) the place they are articulated, and (ii) the utterance
they are articulated in.

3.1.2.1 Different Places

The signs in (16) are articulated at different parts of the body. (16a) is
articulated at the nose and (16b) at the chest. Although the gestures
used to articulate the signs are similar, the one at the nose is smaller
than the one at the chest.

For both signs, the fingers and thumb are extended with the fingers
are held together and the thumb is held against the side of the index
finger. The fingertips point up and the palm of the hand faces the side.
At the start of the sign, the thumb side of the hand is held against the
same side of the body as the hand articulating the gesture. At the end
of the gesture, the pinky side of the hand is held against the opposite
side of the body. To move from the initial to the final positions of the
gesture, the hand moves along an arc-shaped path while the fingertips
maintain their upward position. During the movement the palm shifts
so that at the end of the gesture it faces the side opposite from the one
it faces at the beginning of the sign. The signs differ only in that (16a)
is articulated by moving the hand from one side of the nose to the other
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and (16b) is articulated by moving the hand from one side of the chest
to the other.

(16) a. flower b. our

The significance of the size of the gesture relative to the place that
it is articulated is easily seen by considering the possible but ill-formed
gestures described in (17). Imagine, for example, articulating (16b) with
the same size of gesture used for (16a), as described in (17a), or vice
versa, articulating (16a) with the size of gesture used for (16b), as de-
scribed in (17b). The results are unacceptable variations of the signs in
(16).

(17) a. ∗(gesture for flower articulated at the chest)

b. ∗(gesture for our articulated at the nose)

The generalization in (18) captures the difference between the signs
in (16) and the ill-formed gestures described in (17).

(18) The plane of articulation is proportional to the size of the place
that a sign is articulated.

This presents another property of the plane of articulation to be
captured in the formal representation of the signing space.

3.1.2.2 Different Purposes

Not only the place of articulation, but also the purpose of the articulation
affects the size of the gesture, as illustrated by the scenario described
here.

In the Spring of 1988, there was an outcry by students at Gallaudet
University when the Board of Trustees appointed a hearing person as
the seventh president of the only accredited university in the world to
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service Deaf students (Gannon 1989). For one week the students shut
down the university as protesters rallied on campus, in the streets, and
on the steps of the Capitol chanting deaf president now!

The signs used for this protest are given in (19). The forms shown
are typical of their pronunciation in an unmarked discourse situation.
Recall from (2c) that (19a) is articulated by moving the hand along an
arc-shaped path at the cheek. For (19b), the hands are held on either
side of the forehead with the fingers and thumb open and extended.3

The tips of the fingers point up and the palms of the hands face away
from the signer. To articulate the sign, the hands move along straight
paths away from the side of the forehead while the fingers and thumb
simultaneously curl into the palms of the hands to form fists. In (19c)
the pinky and thumb are extended while the index, middle, and ring
fingers are folded against the palm. The palms of the hands face upward
as both hands are held about a foot in front of the signer’s upper chest.
To articulate the sign, both hands move downward in a straight line.

(19) a. deaf b. president c. now

On the steps of the Capitol during the highly charged Gallaudet
protest, the sequence of signs deaf president now! was articulated
in an emphatic style that extended the movements of the hands into
the space beyond the illustrations in (19). (19a) was articulated with a
large arc-shaped movement at the cheek in which the hand moved as
far as a foot or more from the cheek. The gesture for (19b) extended

3(19b) is reprinted by permission of the publisher and authors, Charlotte Baker-
Shenk and Dennis Cokely, of American Sign Language: A Teacher’s Resource Text on
Grammar and Culture (1980). Washington, DC: Clerc Books, an imprint of Gallaudet
University Press. Copyright (c) 1980 by Gallaudet University. Illustrated by Frank
A. Paul. Other images from this publication are fight, it’s-nothing, liar, look-
atover−time, and look-atover−and−over−again.



64 / The Geometry of Visual Phonology

above and away from the signer’s head as far as the arms could reach.
The downward movement of (19c) began near the forehead where (19b)
ended, with the arms extended outward, and ended with the arms as low
as they would go.4 In some cases, protesters would bend over far enough
for their hands to reach their knees as they emphatically articulated the
last part of the slogan.

To contrast with this public protest, one could imagine that the
same situation arose in a police state that banned public protest. In
that situation, students might signal their support for a Deaf president
by articulating the same slogan, but with small, discrete gestures hid-
den from the view of the omnipresent state police. In this hypothetical
situation the size of the gestures would occupy a fraction of the space in
(19). (19a) would be articulated with a short arc-shaped movement close
to the cheek, (19b) would be articulated with the hands moving below
the top of the head in front of the forehead, and (19c) would be artic-
ulated with a short movement that starts level with the nose and ends
level with the chin. To maximize discretion, the two-handed signs, (19b)
and (19c), could be articulated with only one hand. In sharp contrast
to the version of the utterance in public protest that occupied as much
space as the hands could cover, the articulation of this phrase would be
compressed into the space in front of the face.

In each situation described above, the size of the space used to ar-
ticulate the protest slogan varies with the function of the discourse. As
summarized in (20), a small, private exchange is articulated in a small
space, a standard conversation in a moderate space, and a public state-
ment in the maximum space available. In each case, changing the volume
of the space in which the hands move does not change the meaning of
the signs. The more private the situation, the smaller the space used;
the more public the situation, the larger the space used.5

4Tenseness and speed of a gesture also vary. However, they are independent of the
changes in size of the gesture, and are not considered here.

5 The smaller signing space might be interpreted as being analogous to whisper-
ing and the larger signing space to shouting, so that the three-dimensional volume
of signing space seems to parallel the loudness of speech. But just as loudness in
spoken language is the result of a combination of factors, there are variations of mus-
cle tension and speed of gesture that also need to be considered in the analysis of
variations of sign volume. All of these factors need to be considered when examining
the gesture-based correlates of “loudness”.
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(20) Discourse Size of
Situation Utterance Gestures

a. Private DEAF PRESIDENT NOW! small

b. Unmarked deaf president now! medium

c. Public DEAF PRESIDENT NOW! large

Of particular interest here is the expansion and contraction of the
size of the gesture as the nature of the utterance varies. This can be
illustrated by considering the type of physiologically possible gestures
that do not occur. Taking the sign now as an example, two ill-formed
variations are described in (21). In (21a) the space between the hands is
much smaller than the distance that the hands travel to articulate the
sign. (21b) describes the opposite situation; the distance between the
hands is disproportionately wider than the distance that they move to
articulate the sign.

(21) a. ∗(now articulated with two inches of space between the hands;
gesture starts in front of the face and ends at the waist)

b. ∗(now articulated with two feet of space between the hands;
gesture starts level with the shoulder and moves downward
four inches)

Neither gesture in (21) is well-formed. Rather, as the size of the
gesture changes, the space between the hands and the length of the
movement to articulate the sign vary proportionally, as schematized in
(22).

(22) a. nowpublic b. now c. nowprivate
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The generalization in (23), stated in terms of the plane of articula-
tion, summarizes the observations of the data in (21) and (22).

(23) The dimensions of the plane of articulation vary proportionally
as the size of the sign varies.

Hence, the formal representation of signing space must also include
some mechanism for dealing with the proportional use of space in signs.

3.1.3 Contrastive Direction

As I demonstrate in this section, the direction of movement is also sig-
nificant, but only for straight movement. The direction of circular and
arc-shaped movements may vary without affecting the meaning of the
sign. The asymmetry between straight, circular, and arc-shaped move-
ments is a puzzle that is addressed in Chapter 4. Of specific concern to
the current discussion is the need to specify the direction of movement
in the plane of articulation.

Recall that lie, (2a), is articulated by moving the hand in a straight
line, sorry, (2b), by moving the hand in a circle, and deaf, (2c), by
moving the hand along an arc-shaped path. Specifically, to articulate
(2a) the hand moves from the same side of the chin as the hand used
to articulate the gesture to the opposite side of the chin. To articulate
(2b) the hand moves along the circle in a clockwise direction, and to
articulate (2c) the hand starts at the top of the cheek and ends at the
bottom of the cheek. The gestures described in (24) are variations of the
signs in (2); in each case, the direction of movement of the well-formed
sign is reversed.

(24) a. (articulate lie starting at opposite side of chin from hand
articulating the sign; end at same side of chin as hand)

b. (articulate sorry with a counter-clockwise circle)

c. (articulate deaf starting at the lower part of the cheek; end
at the upper part of the cheek)

All of the gestures in (24) are possible well-formed signs. In fact,
(24b) and (24c) are possible variations of the signs in (2b) and (2c), re-
spectively. Changing the direction that the hand circles does not change
the meaning of the sign. And, as noted by Johnson (1986), the order
of contact for most signs articulated with arc-shaped path movement is
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variable.6 7 In contrast, the gesture in (24a) is not a variation of (2a), nor
is it an ill-formed gesture. Rather, it is contrastive. The generalization
that emerges from this data is stated in (25).

(25) a. Direction of a gesture is contrastive for straight movement.

b. Direction of a gesture is non-contrastive for circular or arc-
shaped movement.

In terms of the plane of articulation, the generalization in (25) can
be restated as (26).

(26) The direction of straight movement in the plane of articulation is
contrastive.

3.1.3.1 Center and Sides

Finally, it is important to note that signs like flower, (16a), and our,
(16b), are articulated by moving from side to side at the nose or chest,
whereas a sign like good, (9), is articulated at the center of the chin.
Signs like flower and our contrast with gestures like those described
in (27).

(27) a. ∗(articulate our by starting at one side of the chest and ending
at the center of the chest)

b. ∗(articulate flower by starting at the center of the nose and
ending at the side of the nose)

Whereas signs are articulated by moving from one side to the other,
they are not articulated by moving from the center to the side or vice
versa. The generalization in (28) captures this observation.

(28) The sides and center of a plane of articulation are distinct.

6Johnson (1986), and Liddell and Johnson (1989) propose that the variation is
conditioned by the preceding sign. Lucas (1993) presents an alternative statistical
analysis challenging this explanation.

7Some signs articulated with arc-shaped path movement do not have variable
pronunciations, e.g., children is articulated with the flat hand, palm down, moving
from the center of the space in front of the signer along an arc-shaped path to the
side of the space. Moving the hand from the side of the space to the center is not a
well-formed alternation of the sign. I suspect that this property of the sign is affected
by the bilateral symmetry of the body. For example, in its citation form, the right
hand moves from left (center) to right (side) to articulate the sign; moving from right
(side) to left (center) is the ill-formed variant. However, if the right hand is held so
that it crosses the body, i.e., it is on the left side of the body, the pronunciation of
the sign from right to left is more acceptable. The solution to this puzzle is left for
future work.
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3.1.4 Local Signing Space

In this section I develop a formal representation to account for the prop-
erties of the sign gesture identified above, and summarized in (29).

(29) a. In a two-handed sign, the hands move along parallel paths.
(8)

b. The movement of a simple sign starts and ends in the same
general vicinity. (12)

c. The plane of articulation is finite. (13)

d. The plane of articulation is parallel or perpendicular to the
signer’s body. (15)

e. The plane of articulation is proportional to the size of the
place that a sign is articulated. (18)

f. The dimensions of the plane of articulation vary proportion-
ally as the size of the sign varies. (23)

g. The direction of straight movement in the plane of articula-
tion is contrastive. (26)

h. The sides and center of a plane of articulation are distinct.
(28)

Taking the plane of articulation as a starting point for discussion, I
use the properties in (29) to build, step by step, a formal structure for
representing signing space.

Recall from proposition (5) that the manual articulator moves along
the plane of articulation. Also recall from observation (29c), that the
plane is finite. Given the three path shapes presented by the data in (2),
the first step in building a representation of signing space is the simple,
finite plane in (30). I refer to this as the base plane. (30a) captures the
straight path that the hand moves along to articulate lie, and (30b)
captures the circle that the hand moves along to articulate sorry. To
represent lie, the base plane in (30a) will be parallel to the signer’s
chin; to represent sorry, the base plane in (30b) will be parallel to the
signer’s chest.

(30) "
"
""

�
��-

a. lie

"
"
""

�
��

b. sorry
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From (29d) the plane of articulation is not only parallel to the signer’s
body, but also needs to be perpendicular to the signer’s body. The image
in (31) captures the articulation of the sign in (2c). Here the base plane
will be parallel to the side of the face, so that the arc-shaped path that
the hand follows to articulate deaf is perpendicular to the face.

(31) "
"
""

�
��

deaf

From (29e) the size of the plane varies with the size of the place that
the sign is articulated. As indicated by the images in (32), the represen-
tation of the space can vary to accommodate those differences. Imagine
that the base plane of (32a) is held parallel to the nose and that the
base plane of (32b) is held parallel to the chest. (32a) represents the di-
mensions of the nose where flower is articulated, and (32b) represents
the chest where our is articulated.

(32) "
""

�� "
"
""

�
��

a. flower b. our

From (29f) the dimensions vary as the size of the sign varies, and from
(29a), two-handed signs are articulated along paths that are parallel.
Hence, each hand of the two-handed sign now is assigned a distinct plane
in (33). (33a) represents the articulation of now when it is whispered in
a secret police state, and (33b) represents it when it is shouted during
public protest.

(33) "
""
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a. nowprivate b. nowpublic
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The configuration of planes that has been proposed up to now defines
three-dimensions of a space. Specifically, a space with height, length, and
width, (34).

(34) "
"
""

�
��

!!
!!

�
��

6

?

height

-�
length

�
����
��	

width

The dimensions of the space in (34) can be related to account for pro-
portional variations like that depicted in (33). The ratio in (35) captures
the relation between the dimensions of the space, where k is a propor-
tionality constant. The relation in (35) ensures that if one dimension of
the space varies, the others will also vary to maintain the same propor-
tions. So, for example, if the proportions of the base change, as in (32),
to fit a different place, the height is adjusted accordingly, (35a). Simi-
larly, as the overall size of the space changes, as for (33), the distance
between the hands relative to the length of the gesture is maintained,
(35).

(35) Constant Proportions: k = h : w : l

a. Width (w) and length (l) may vary to accommodate different
places of articulation.

b. The proportions of the space fit the dimensions of a discourse
situation.

Finally, recall from (29g) that the direction of a straight movement
is contrastive. (36a) shows the direction of the gesture used to articulate
lie if the bottom plane were parallel to the chin. Similarly, (36b) cap-
tures the direction that the hand moves to articulate good if the bottom
plane is parallel to the chin. As noted in (29h) the center is distinct from
the sides, so (36b) includes a center plane of articulation, labeled center.
To specify the direction the hand moves, the planes of articulation are
named. To capture the side to side movement in (36a), the side that is
on the same side as the hand articulating the gesture is referred to as the
ipsilateral side and the side that is opposite from the hand is referred to
as the contralateral side. To capture the direction of movement in (36b),
I refer to the bottom plane as the base plane (+base), and the opposite
side as the non-base plane (−base).
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(36)
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Ipsi-Side Contra-Side

a. lie
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Center

+base

−base

b. good

In sum, the properties of signs described in the previous section con-
verge on the single formal representation of signing space in (37). I refer
to this set of planes as local signing space. The resulting object is a six-
sided figure with parallel faces adjoined at right angles – in geometric
terms, a rectangular prism. The names of the outer faces of the prism
that have been discussed are the base and non-base, and the ipsi-side
and contra-side. To complete the identification of the six sides, I refer
to the remaining sides as the local and non-local faces of local signing
space. These faces are useful for specifying orientation, as discussed in
Section 3.4.2.

(37)
Ipsi-Side Center Contra-Side

−base

+base

!!
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Local Signing Space

In combination with the proposition in (38), the construct local sign-
ing space accounts for the properties of the data described above. The
planes are finite, and parallel or perpendicular to each other. The sides
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are distinct from the center. The dimensions of the space can be related
to specify proportionality relations between signs. And the organization
of the planes provide points of reference that can be used to specify the
direction of straight movement.

(38) The planes of articulation of local signing space are the base
plane, side planes, and center plane.

The relation of local signing space to the signer’s body is discussed
at more length at the end of this chapter. The representation of the
direction of movement is discussed in Chapter 4.

3.2 Global Signing Space

Moving beyond a single sign, a string of signs that contribute to a longer
utterance is articulated in a finite area about the signer that Klima and
Bellugi (1979) refer to as “articulatory space”. In this section I formalize
the representation of articulatory space as a rectangular prism called
global signing space.

The well-formed signs introduced in the previous section contrast
with the physiologically possible gestures described in (39).

(39) a. ∗(move hand in area above head)

b. ∗(move hand in the area to the far side of the body)

c. ∗(move hand near the knees or feet)

d. ∗(move hand behind the head)

Gestures like those in (39) are not well-formed signs and, therefore,
should be excluded by the model. This can be accomplished by specifying
the space about the body in which signs are articulated. The articula-
tory space Klima and Bellugi (1979:51) describe is shown in (40). They
characterize the space as a sphere about the signer. In the unmarked
case, the height of the space extends roughly between the top of the
head and the waist. The width of the space is the distance between the
elbows when they are lifted slightly from the side of the body. The depth
of the space extends approximately an arm’s length in front of the signer
when the elbows are bent.

In unmarked conversation the area described in (40) adequately iden-
tifies the boundaries that separate the set of well-formed signs from the
set of physiologically possible gestures. However, (40) fails to account
for the properties of well-formed utterances that occur in more marked
discourse situations.



Signing Space / 73

(40) Articulatory Space (Klima and Bellugi 1979:51)

Size of signing space varies. Recall the scenarios presented in the
previous section describing the deaf president now! protest. During
the protest signers often violated the articulatory space circumscribed
in (40) as they extended their hands high above their heads to articulate
president and outward and downward as far as possible to articulate
now. In contrast, in a whispered version of the same utterance, the
gestures occupy only a fraction of the space in (40), keeping within the
area around the face.

In these situations the space used to articulate the utterance varies
with the function of the discourse. The gestures for a private exchange
occupies a small space, for a conversation they occupy a medium size
space, and for a public protest they occupy the maximum space available.
These observations are summarized in (41). (41a) and (41c) represent
the extreme cases. (41b) represents the unmarked case, though variations
are expected along a continuum between the two extremes.

(41) Discourse Size of
Situation Utterance Signing Space

a. Discrete DEAF PRESIDENT NOW! small

b. Unmarked deaf president now! medium

c. Public DEAF PRESIDENT NOW! large

Even though the size of gestures may vary, as shown by the data in
(42) the size of signs is consistent within an utterance. (42a) represents
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the large gestures of a public protest, and (42c) represents the small ges-
tures of a secret exchange. (42b) and (42d) are physiologically possible
but odd (#) due to the inconsistent size of the individual signs in the
utterance. In (42b) the second sign is articulated in a smaller space than
the signs surrounding it. In (42d) the articulation of the middle sign is
much larger than the rest of the utterance.

(42) Public: a. DEAF PRESIDENT NOW!
b. #(DEAF president NOW!)

Private: c. deaf president now!
d. #(deaf PRESIDENT now!)

The generalizations in (43) capture these observations.

(43) a. The size of space in which signs are articulated varies with
the function of the discourse.

b. The sizes of individual signs are proportional to the size of
the utterance.

The generalizations in (43) can be accounted for by adopting a rep-
resentation of signing space whose proportions vary with that of the
lexical units articulated in it. To that end, I represent articulatory space
as a finite three-dimensional space, global signing space (GSS), that sub-
sumes local signing space. Like local signing space, global signing space
is represented as a finite rectangular prism. To account for the properties
of signing observed at the utterance level, global signing space associates
with the signer’s body as shown in (44). For ease of discussion, the faces
of the prism are labeled front, back, top, bottom, and sides.

(44)
Global Signing Space (GSS)
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The propositions in (45) define the relation between local and global
signing space. (45a) specifies the relation of global signing space to the
signer, and (45b) associates global signing space to the utterance level.
(45c) establishes a hierarchical relation between local and global signing
space such that local signing space is embedded in global signing space.
(45d), in combination with the rest of the propositions, links the propor-
tions of local signing space to the proportions of global signing space to
ensure that the size of individual signs is consistent across an utterance.

(45) a. Global signing space (GSS) associates with the signer’s
body so that the origin of GSS is congruent with the
center of the signer’s body at the level of the signer’s
waist.

b. An utterance is articulated in GSS.

c. Local signing space (LSS) is a subspace of GSS.

d. KGSS α kLSS ,
where KGSS is the proportionality constant of GSS
and varies with the function of the discourse.

It follows from (45c) that signs are articulated within the confines
of articulatory space. And (45d) guarantees that signs articulated in an
utterance maintain the same proportion. Therefore, this set of proposi-
tions accounts for the properties of signs that are problematic for the
simple notion of articulatory space in (40).

Furthermore, as discussed in the following section, this notion of
global signing space provides a construct for modeling discourse level
phenomena.

3.3 Discourse Signing Space

In this section I examine two characteristics of ASL discourse: (i) role-
playing, a common narrative device in ASL in which the signer shifts her
body (or eyegaze) to express direct discourse or describe a character’s
actions, and (ii) spatial agreement between two signers.

3.3.1 Role Playing

The images in (46) illustrate a situation that Baker-Shenk and Cokely
(1980:272-273) refer to as direct address. In this example, the signer
relates an incident in which a boy wanted to pick a fight with her.
During this narrative the signer assumes the role of the boy as well as
of herself.

Earlier in the narrative the signer establishes that the boy is repre-
sented by the area on her right, and she is represented by the area on her
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left. In the course of the narrative, the signer articulates the sequence
of signs in (46). As depicted in (46a), the signer shifts her body slightly
to the right and articulates the sign shown. By shifting her body to the
right, the signer takes on the role of the boy signs so that the gesture
means The boy asks, “You wanna fight?”. Then, as in (46b), the signer
shifts to the left and articulates the sign shown. The shift to the right
signals that the signer is representing herself, so the gesture means I
replied, “Hah?! You’re not worth it”.

(46) a. (shift right)
Q

fight b. (shift left) nothing-to-it

The scenario in (46) contrasts with a situation in which the signer
articulates the same sequence of gestures but without shifting her body.
In that situation, the first sign would be interpreted as a rhetorical
question, and the second sign would be interpreted as “something having
no worth”, so the sequence of signs would mean “Fighting? – it’s not
worth it.” Thus, body shift between distinct areas of space is crucial to
the interpretation of the discourse. The generalization in (47) captures
this observation.

(47) A signer may change the discourse function of an utterance with-
out changing the meaning of lexical items by shifting the position
of her body.

Given that, by proposition (45b), global signing space is associated
with an utterance and that, by proposition (45a), it is associated with
a specific position of the body, it follows that by shifting the body and
articulating an utterance, the signer may establish a new instance of
a global signing space. Following this logic, the proposition in (48) ac-
counts for the generalization in (47).
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(48) A signer may invoke more than one global signing space.

Although the maximum number of global signing spaces that a signer
may invoke is left unspecified, there would appear to be a practical upper
bound to the number of referents a signer can express through body shift.
Specifying such a boundary remains a question for future work.

Independent of that issue, the combination of propositions in (45)
and (48) predict that a signer can articulate a role-play in which one
referent makes large gestures in a large global signing space while another
referent makes small gestures, demanding only a small global signing
space. Indeed, in a narrative depicting an interaction between a father
and his toddler son, the signer would contrast the two by using large
gestures to portray the father, and small gestures to portray the son.
Thus, the model makes the correct predictions for a single signer’s use
of signing space.

To account for multiple instantiations of global signing space required
by (48), I introduce discourse signing space (DSS), defined by the set of
propositions in (49).

(49) (i) Sequences of utterances are articulated in discourse
signing space (DSS).

(ii) Global signing space is a subspace of discourse signing
space.

(iii) Multiple instances of global signing space may be invoked
in discourse signing space.

Unfortunately an in-depth examination of discourse signing space is
beyond the scope of this work. However, the scenario described below
provides an indication of the type of properties that the construct can
account for when the study of visual phonology extends beyond the
bounds of the utterance and of global signing space.

3.3.2 Spatial Agreement Between Signers

In a discussion about the function of space in ASL, Liddell (1990a)
describes the alternation between pronunciations of the agreement verb
meaning to ask.8 As shown in (50), to articulate the sign the trajectory
of the hand starts near the subject of the verb, in this case the signer
herself, and ends near the object of the verb, in this case the addressee,
so that the gesture means I ask you. (50a) and (50b) are acceptable

8The articulation of an agreement verb can be accompanied with a movement
from the subject towards the object. See Chapter 5.
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variations, but (51) is not. In (50a) the signer and addressee are about
the same height and the gesture is articulated along a plane horizontal
to the ground. In (50b) the signer is shorter than the addressee and
the gesture is articulated at an upward angle relative to the ground. In
contrast, the gesture in (51) is unacceptable because the signer’s hand
moves along a plane horizontal to the ground in a situation in which the
addressee’s height demands an upward oriented gesture as in (50b).

(50) a. 1-ask-x1 b. 1-ask-x2

(51) ∗1-ask-x

To account for the data in (51), Liddell proposes that some agreement
verbs are lexically specified for a height relative to the characteristics of
the addressee. In essence, the posture of the signer’s body is affected
by discourse specific situations. As for the role shift described in the
previous section, the signer physically accommodates to the position
of the discourse referent by tilting the whole body, tilting the face or,
more subtly in some cases, by shifting her eyegaze. The concept of a
global signing space associated with a specific utterance, embedded in a
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larger signing space representing discourse provides a formal system for
representing the properties observed by Liddell.

Just as global signing space provides a frame of reference for local
signing space, so too, discourse signing space provides a frame of refer-
ence for global signing space. The evidence from role playing and spatial
agreement between signers is suggestive of relations between global and
discourse signing space. Formalization of those properties is, however,
beyond the scope of this work, and remains an area for further study. I
continue now with discussion that focuses on the relation between global
signing space, local signing space, the hand prism, and the hand.

3.4 Location and Orientation

To summarize the discussion of signing space thus far, I have argued
for a construct, local signing space (LSS), to capture the properties of
simple signs and proposed that a simple sign is, in turn, articulated
in global signing space (GSS). Strings of signs form utterances that are
represented at the level of global signing space. Global signing space
is embedded in discourse signing space (DSS) which represents signing
at the discourse level. At the heart of signing space are the articula-
tors, represented by the hand prism (HP), argued for in Chapter 2. The
schematic in (52) captures this notion of a box in a box in a box in a
box representation of the hand in signing space.

(52) HP LSS GSS DSS

This idealization of signing space provides a representation in which
the location and orientation of each construct can be stated in terms of
the construct it is nested in. If this is done at each level of the represen-
tation, the net results are relative definitions of location and orientation.
In other words, the orientation of the hand is stated in terms of its rela-
tion to the hand prism which, in turn, is stated in terms of its relation
to local signing space whose orientation is stated in terms of its relation
to global signing space, and so on.
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In this section I argue for relations that hold between the spatial
constructs: (i) a location relation that specifies the placement of the tar-
get prism relative to its adjacent prism, and (ii) an orientation relation
that specifies the relation of the faces of the target prism relative to the
faces of the adjacent prism. The relation between ‘target’ and ‘adjacent
prism’ is specified so that the target prism is immediately embedded in
its adjacent prism.

In this discussion only local relations are significant. I do not con-
sider, for example, interactions between global signing space and the
hand prism. The study of non-local relations between levels of signing
space is left for future work. I argue first for the location relations be-
tween the hand prism and local signing space (HP in LSS), and between
local and global signing space (LSS in GSS). I then argue for the orien-
tation relations between the hand prism and local signing (HP in LSS),
between local and global signing space (LSS in GSS), and between global
signing space and discourse signing space (GSS in DSS).

3.4.1 Location

Stokoe (1960) was the first to recognize that the place a sign is articu-
lated is lexically distinctive. For example, the signs in (53) are articulated
with the same gesture. They differ only in where they are articulated.

At the start of the signs in (53) the index finger is straight. The
other fingers are curled against the palm and tucked under the thumb.
The tip of the index finger points to the side and the palm of the hand
faces down. The hand starts on the opposite side of the face with the
side of the index finger knuckle near the face. To articulate the sign,
the hand moves along a straight path towards the same side of the face
as the hand while the middle and end joints of the index finger bend.
During the articulation of the sign, the hand brushes against the face.
The movement across the face and the curling of the index finger start at
the same time and are articulated at the same rate, so the index finger
finishes bending at the same time that the hand stops moving. (53a) is
articulated at the forehead, (53b) below the nose but above the upper
lip, and (53c) at the chin.

Stokoe adopted the term tab to refer to places of articulation like
the forehead, chin, and upper lip, but “location” is the more commonly
accepted term. In generative accounts of signs, location is characterized
by sets of distinctive features (e.g., Liddell and Johnson 1989, Sandler
1989, Brentari 1990b). Sandler (1989) argues for a hierarchical organi-
zation of the location features and goes as far as to elevate location to
the status of a timing segment (as discussed in Section 6.3).
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(53) a. summer b. ugly c. dry

In previous models, location is stated in terms of absolute position
relative to the signer’s body. Here, location is stated in relative terms.

Consider, for example, the data in (53). As noted above, the signs
are articulated with the identical gesture, but with distinct placement
of the hand. In terms of the model of visual phonology, the common
side to side movement of the hand in these signs can be captured by
specifying the same location relation between the hand prism and local
signing space. The distinct placement of the gestures can be captured
by specifying distinct location relations between local and global signing
space.

3.4.1.1 Hand Prism in Local Signing Space

In this section I focus on specifying static postures of the hand. The
representation of the movement of the hand will be discussed in more
detail in Chapter 4.

As schematized in (54), the movement of the hand from one side of
the face to the other can be represented as a path that starts at one
point in the local signing space and ends at the other. The small box
represents the hand prism (HP) and the planes represent the base and
sides of local signing space. Imagining that the base plane of local signing
space is parallel to the signer’s face, the change in position of the index
finger relative to the face is captured by the images in (54). At the start
of the sign the hand is at the opposite side of the face from the hand that
articulates it. This is represented in (54a) as the hand prism on the base
plane at the contralateral side of local signing space. At the end of the
sign the hand is at the same side of the face as the hand that articulates
it. This is captured in (54b) with the hand prism at the ipsilateral side
of local signing space.
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(54)

"
"
"
""

�
�
�

!!
!!
!

�
��

�� ��

��
HP�

Ipsi-Side Contra-Side

a. Start of gesture for summer, ugly, dry.
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b. End of gesture for summer, ugly, dry.

The relation between the hand prism and local signing space in (54)
is formalized by the definition of location given in (55).

(55) There is a location relation, Location(Ax, By), where x is a sign-
ing space contained in signing space y such that plane A in space
x is positioned at place B in space y.

The notation for the representations in (54) is given in (56). The
dyadic location relation (LOC) is represented by an ordered pair of po-
sitions separated by a colon and enclosed by brackets. The first mem-
ber of the pair specifies a face of the inner construct, and the second
member of the pair specifies a place in the outer construct. (56a) rep-
resents the association between the side face of the hand prism and the
contra-lateral side of the base plane of local signing space. The nota-
tion +base(Contra-Side) represents a function that applies to the base
plane to choose the contralateral side of the plane. (56b) represents the
association between the side face of the hand prism and the ipsi-lateral
side of the base plane of local signing space where +base(Ipsi-Side) is
a function that identifies the ipsilateral side of the plane.
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(56) a. At the start of the gesture:
LOC [BottomHP : +base(Contra-Side)LSS ]

b. At the end of the gesture:
LOC [BottomHP : +base(Ipsi-Side)LSS ]

The notation in (56) captures the relation between the hand prism
and local signing space for all three signs in (53). The location relation
between local and global signing space captures the differences between
them.

3.4.1.2 Local Signing Space in Global Signing Space

The signs in (53) are articulated at three distinct places on the face: the
forehead, above the upper lip, and the chin. Those places contrast with
the places described in (57). Even though it is physiologically possible,
no signs in ASL are articulated there.9

(57) a. ∗(gesture for summer articulated inside elbow)

b. ∗(gesture for summer articulated at armpit)

c. ∗(gesture for summer at center of stomach)

So even though a wide range of places is available, only some are
possible sites for sign gestures. This observation is generalized in (58).

(58) A well-formed sign is articulated at specific places.

Returning to the data in (53), recall that the gestures differ only in
hand placement; everything else about them is identical. The general-
ization in (59) captures that observation.

(59) The place where a gesture is articulated affects the meaning of
the sign.

Using the location relation in (55), the propositions in (60) account
for the generalizations in (58) and (59). The inventory of locations for
ASL, given in (60iii), includes the anatomical landmarks on the body
as well as the neutral signing space and the non-dominant hand (H2).
Explicit arguments for each of the anatomically identified locations is left

9It is possible to articulate a sign such as hurt-at-x at any of these locations.
However, that is a complex sign. Lexically simple signs are not articulated at the
positions in (57).
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for work that includes a cross-linguistic analysis. Besides being relevant
to lexically simple signs, other properties of neutral signing space emerge
in discussions about complex signs. Some properties are discussed in
Chapter 5; other properties of neutral signing space are left for future
work.

Similarly, properties of the non-dominant hand require more inves-
tigation. Following Sandler (1989), the hand, H2, is included here as a
place of articulation. A complete representation for a sign articulated
with H2 will include the specification of a distinct hand prism, as well
as its location and orientation with respect to local signing space. As
argued by Brentari and Goldsmith (1993), those values will be more
constrained than those for the moving hand. Further elaboration of the
representation of H2 is left for future work.10

(60) (i) The location relation between local signing
space (LSS) and global signing space (GSS),
Location(ALSS , BGSS), is specified so that BGSS

is from the inventory of possible locations in global
signing space, in (iii).

(ii) The location relations Location(ALSS , B1GSS)
and Location(ALSS , B2GSS), such that B1 6= B2,
are lexically distinct.

(iii) Inventory of places in Global Signing Space:
face forehead cheek
nose above-lip throat
upper-arm lower-arm shoulder
upper-chest lower-chest chin
ear neutral (area in front of signer)
waist H2 (non-dominant hand)

Applying the propositions in (60) to the data in (53) and (57) pro-
duces the analysis in (61).

10 In particular, an analysis of the properties of two-handed signs will lead to
improved understanding of both neutral signing space and H2. See Section 5.3.1 for
a brief note on two-handed signs.
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(61) a. The location relations for the gestures in (53) are:
summer: LOC [+BaseLSS : ForeheadGSS ]

ugly: LOC [+BaseLSS : Above-LipGSS ]
dry: LOC [+BaseLSS : ChinGSS ]

b. The location relations for (57) are:
(57a): LOC [+BaseLSS : Inside-ElbowGSS ]
(57b): LOC [+BaseLSS : ArmpitGSS ]
(57c): LOC [+BaseLSS : StomachGSS ]

c. The values Inside-Elbow, Armpit, and Stomach are not part
of the inventory of possible locations in (60iii). Therefore, by
(60i), the gestures in (b) are ill-formed.

d. By (60i), the gestures in (a) are well-formed; by (60ii), they
are lexically distinct.

The analysis in (61) provides the correct account for the data. The
location relation and the propositions in (60) are crucial to the analysis,
therefore they are adopted into the model.

3.4.2 Orientation

Just as location is defined in other models as a parameter with feature
values, so too orientation is represented as a parameter of signs and
assigned a set of feature values. Battison (1978) adopts palm orienta-
tion as a contrastive property of signs, while Klima and Bellugi (1979)
classify orientation as a minor parameter of hand configuration, a pro-
posal that is echoed in Sandler’s (1989) argument for the organization of
features for hand configuration where palm orientation is dominated by
handshape. Liddell and Johnson (1989) and Brentari (1990) also include
inventories of orientation features.

However, just as location can be recast as a dyadic relation, in this
section orientation also follows as a dyadic relation. The discussion here
focuses on the orientation relation between the hand prism and local
signing space, and the orientation relation between local signing space
and global signing space.

3.4.2.1 Hand Prism in Local Signing Space

The signs in (62) are articulated with gestures that are identical except
for the direction that the palm faces. In both signs the fingers and thumb
of the hand are straight. The fingers are held together while the thumb
rests at a 45◦ angle with respect to the side of the index finger. The
hand is held in front of the signer with the tips of the fingers pointing
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away from the signer. To articulate (62a) the palm of the hand faces up
and the hand moves along an arc-shaped path from a point towards the
center of the signer to a point to the side of the signer. To articulate
(62b) the palm of the hand faces down and the hand moves in the same
way as for (62a), along an arc-shaped path from the center of the signer
to the side of the signer.

(62) a. thing b. children

(63)
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b. End of gesture for thing and children
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The location relations for the signs are the same. As schematized in
(63a), at the start of the signs the hand prism is at the base plane on
the contralateral side of the signing space. At the end of the signs the
hand prism is on the ipsilateral side of local signing space, as in (63b).

The notation for the location relations is given in (64). The relations
between the hand prism and local signing space are given in (64a), and
the location relations between local and global signing space in (64b).
They are identical for both signs. Hence, by the location relations alone,
the signs in (62) are indistinguishable.

(64) a. (i) At the start of the gesture:
LOC [BottomHP : +base(Contra-Side)LSS ]

(ii) At the end of the gesture:
LOC [BottomHP : +base(Ipsi-Side)LSS ]

b. LOC [+baseLSS : NeutralGSS ]

Based on the descriptions of the data in (62), the crucial difference
between the signs is the direction the palms face. To capture that dis-
tinction, I define orientation in terms of the dyadic relation in (65).

(65) There is an orientation relation, Orientation(x, y),
where x and y are rectangular prisms that represent
signing space, and x is a sub-space of y such that the
faces of x are in a one-to-one parallel relation with the
faces of y.

In (65) orientation is defined so that each of the six faces of the
inner spatial construct are parallel to the faces of the construct it is
embedded in. So, for example, recall from Chapter 2 that the hand is
represented as a six-sided object embedded in the hand prism (HP).
As illustrated in (66a), the fingertips of the hand are parallel to the
front of the hand prism, and the back of the hand is parallel to the top
of the hand prism. Note that specifying the relation between two non-
parallel faces of the prism uniquely determines the relation between the
other four faces. This reduction is easily understood by considering the
geometry of the situation. In effect, there are only three dimensions of
space. Specifying the relation between two non-parallel faces fixes two of
the three dimensions; the third dimension can be deduced from the other
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two. The notation for specifying the orientation relation schematized in
(66a) is given in (66b).

(66)

a. Hand in Hand Prism (HP)

b. OR

[
FingertipsHand : FrontHP

BackHand : TopHP

]

With the orientation relation between the hand and hand prism in
(66), the orientation relation between the hand prism and local signing
space is specified in (67). (67a) captures the relative position of the hand
prism with respect to local signing space at the start of the gesture for
thing, and (67c) captures the relative position of the hand prism with
respect to local signing space at the start of children. The notations
for the orientation relations are given in (67b) and (67d), respectively.

(67)
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a. thingHP-in-LSS

b. OR

[
FrontHP : −LocalLSS

TopHP : −BaseLSS

]



Signing Space / 89

"" �
�
�

!!
!!
!

�
��

!! !!

��
Front

Bottom

Ipsi-Side Contra-Side

c. childrenHP-in-LSS

d. OR

[
FrontHP : −LocalLSS

TopHP : +BaseLSS

]

Note that the non-local face of local signing space is represented
by the feature -local and the local face is represented by the feature
+local. Recall from Section 3.1.4 that the local and non-local faces are
not planes of articulation but are, rather, reference planes to complete
the six sides of local signing space.

From both the schematized images and the notation in (67), it is easy
to see that the orientation relation for thing, in (67b), is minimally
contrastive with the orientation relation for children, in (67d). The
orientation relation defined in (65) is crucial to this distinction, so it is
adopted into the model.

3.4.2.2 Local Signing Space in Global Signing Space

The orientation relation also holds between local and global signing
space. However, at this level of relations, differences between morpho-
logically simple and morphologically complex signs start to emerge. In
particular, for lexically simple signs there are default specifications for
the orientation relation between local and global signing space. The de-
fault specification for a simple sign depends on whether it is articulated
at the body or in the neutral space in front of the body.

If a sign is articulated at a place on the body it is referred to as an
anchored local signing space. In that case the base plane of local signing
space associates with the body location and the local plane is parallel to
the top plane of global signing space. In contrast, if a sign is articulated
in the neutral signing space, it is referred to as a floating local signing
space. The base plane of a floating local signing space is parallel to the
bottom of global signing space and the local plane is parallel to the front
of the signer’s body.

The diagram in (68) illustrates the difference between these two
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classes of local signing space. The signer is profiled so that the top of her
head is parallel to the top plane of global signing space (GSS), her front
is parallel to the front plane of GSS, her waist is parallel to the bottom
plane of GSS, and her back is parallel to the back plane of GSS. Here,
the anchored local signing space is associated with the signer’s face. The
floating local signing space is in the neutral signing space.

(68) Anchored and Floating Local Signing Space

The notation for these default orientations are given in (69).

(69) a. Anchored Local Signing Space

OR

[
+BaseLSS : BackGSS

+LocalHP : TopGSS

]

b. Floating Local Signing Space

OR

[
+BaseLSS : BottomGSS

+LocalHP : BackGSS

]
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Simple signs receive the default orientation relations in (69). In con-
trast, as discussed in Chapter 5, more detailed specifications of places
in global signing space are required to account for the syntactic use of
space in complex signs like agreement verbs. The orientation relation
between local and global signing space is crucial to the interpretation of
those signs.

3.4.3 Notation for Static Hand Posture

To summarize, the box in a box in a box in a box relation described
at the start of the chapter is repeated as (70), where the boxes are the
hand prism (HP), local signing space (LSS), global signing space (GSS),
and discourse signing space (DSS).

(70) HP in LSS in GSS in DSS

Each box represents a level of signing space. The position of each
box relative to its adjacent box, that is, the box that it is embedded in,
is specified by two dyadic relations, location and orientation. Location
specifies the placement of one level of space within its adjacent space,
and orientation specifies the facingness of the inner space relative to the
adjacent outer space.

Based on the notation proposed to capture the location and orien-
tation relations, the generic representation for a static hand posture is
given in (71). Starting at the center of the notation, the specifications
for the hand prism, namely its handshape (HS), and location (LOC) and
orientation (OR) relations with respect to the hand, are enclosed in a
box labeled HP . Working outward, the notation for the hand prism is
embedded in a box representing local signing space, labeled LSS, within
which the location and orientation relations between the hand prism and
local signing space are specified. At the next level of the representation,
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the notation for local signing space is embedded in a box representing
global signing space, labeled GSS, with the location and orientation re-
lations between local and global signing space specified. The relations
between global and discourse signing space are left, as indicated before,
for future work, though it is anticipated that the location and orien-
tation relations between them will parallel those shown for the other
spatial constructs.

(71) Representation of Manual Articulator in Signing Space

LOC
[
ZLSS : QGSS

]
OR

[
Z1LSS : Q1GSS

Z2LSS : Q2GSS

]

LOC
[
YHP : ZLSS

]
OR

[
Y 1HP : Z1LSS

Y 2HP : Z2LSS

]

LOC
[
XHand : YHP

]
OR

[
X1Hand : Y 1HP

X2Hand : Y 2HP

]
HS

 SelectedF ingers
UnselectedF ingers
Thumb


HP LSS GSS

Based on the notational schema in (71), the difference between the
initial positions of the hand for summer, ugly, and dry, (53), can
be specified as in (72). In (72a) the complete notation is given for the
initial hand position for summer. Handshape (HS) is specified for an
extended index finger with the rest of the fingers bent and tucked under
the thumb. The tip of the index finger is associated with the front of
HP, and the back of the hand is associated with the top of HP. The
front of HP is associated with the opposite side of LSS than the hand
being used to articulate the sign, and the top of HP is associated with
the local plane of LSS which in turn is associated with the top of global
signing space because local signing space in this case is anchored.

The details of the notation for (72b) and (72c) are identical to (72a).
The only difference between them is the location relation between local
and global signing space. For (72a) LSS is associated with the forehead,
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for (72b) LSS is associated with the area above the lip, and for (72c)
LSS is associated with the chin. All other characteristics of the hand
posture are the same.

(72) a. summer:

LOC
[

+BaseLSS : ForeheadGSS

]
OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]
LOC

[
BottomHP : +Base(C-Side)LSS

]
OR

[
FrontHP : +Base(C-Side)LSS

TopHP : +LocalLSS

]
LOC

[
BaseHand : BackHP

]
OR

[
FingertipHand : FrontHP

Backhand : TopHP

]
HS

[
+SEL[ I : Straight ]
−SEL[ TMRP : Bent ]
THUMB[+Opposed]

]
HP LSS GSS

b. ugly:

LOC
[

+BaseLSS : Above-LipGSS

]

HP LSS GSS

c. dry:

LOC
[

+BaseLSS : ChinGSS

]

HP LSS GSS

Similarly, the only difference between the initial positions of the hand
for thing and children, (61), is the orientation relation between the
hand prism (HP) and local signing space (LSS), as highlighted by the
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representations in (73). (73a) completely specifies the properties of the
initial hand posture for thing. The fingers and thumb are straight with
the thumb unopposed to the fingers. The fingertips are associated with
the front of HP and the back of the hand is associated with the top of
HP. The front of HP is associated with the non-local plane of LSS and
the top of HP is associated with the base plane of LSS. Because local
signing space is floating, the net result of the orientation relations is that
the back of the hand faces downward.

In contrast, as captured by the reduced representation in (73b), the
only difference between the initial hand postures for thing and chil-
dren is the orientation relation between HP and LSS. In (73b) the top
of HP is associated with the non-base face of LSS. The net result of the
orientation relations in this case is that the back of the hand faces up-
ward. Hence, the representation captures the crucial difference between
these two hand postures.

(73) a. thing:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+BaseLSS : BottomGSS

−LocalLSS : FrontGSS

]
LOC

[
BottomHP : +Base(Center)LSS

]
OR

[
TopHP : +BaseLSS

FrontHP : −LocalLSS

]
LOC

[
BackHand : BackHP

]
OR

[
BackHand : TopHP

FingertipHand : FrontHP

]
HS

[
+SEL[ TIMRP : Straight ]
−SEL[ ∅ ]
THUMB[−Opposed]

]
HP LSS GSS

b. children:

OR

[
TopHP : −BaseLSS

FrontHP : −LocalLSS

]

HP LSS GSS
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3.5 Signing Space, Location, and Orientation

In this chapter I have argued for a geometry-based representation of
signing space. Specifically, I have adopted three spatial constructs into
the model: local signing space, global signing space, and discourse signing
space. The hand prism, adopted in Chapter 2, is nested at the center of
signing space. It is embedded in local signing space which is embedded
in global signing space which, in turn, is embedded in discourse signing
space. At each level of embeddedness the relation between the constructs
is captured by the location and orientation relations.

The novelty of the model of signing space presented here is twofold.
First, in previous models signing space is treated as a unified entity.
Here, I introduce the notion that space is divided into hierarchically
related embedded units. Second, in previous models location and orien-
tation are treated as parameters with their values captured by monadic
features. The hierarchical treatment of signing space leads, however, to
a much different conclusion. Location and orientation are recast here
as dyadic relations that hold between the spatial constructs. As a re-
sult, the relation between the hand and signing space can be specified
in completely relative terms.

The full impact of adopting a relative specification is explored more
fully in the discussion of complex signs in Chapter 5. But first I continue
by arguing for a representation of the dynamic properties of signs based
on the groundwork layed thus far.



4

The Transition Unit

In this chapter I argue for a formal representation of “movement”. Con-
tinuing with the analysis of the hand as a rigid body in space, the formal
representation for “movement” is the displacement of the rigid body, or
parts of the rigid body, in three-dimensional space. Capturing these
displacements as rigid body transformations provides the basis for the
phonological construct that is the focal point of the chapter – the transi-
tion unit. The transition unit provides a unified account for the changes
in handshape, location, and orientation that contribute to the movement
of the hand during a sign gesture. Unlike previous models of signs, the
surprising conclusion of this chapter is that movement itself does not
emerge as a phonological construct of the model.

4.1 Change in Location

In this section I focus on signs that are articulated by moving the whole
hand through space, a phenomenon referred to as “path movement”.
I start by reviewing the three shapes of path movements described in
Chapter 3: straight, circular, and arc-shaped.

In previous analyses, path shape is represented as a distinctive fea-
ture with unique values for each path shape (Liddell and Johnson 1989,
Brentari 1990b, Sandler 1989).1 Path shape has been invoked as one of
the primary arguments to favor movement as a phonological construct.
Yet, as described here, there are puzzling asymmetries between straight
and circular movement on the one hand, and arc-shaped movement on
the other that have no explanation in a feature-based analysis of path
shape. To account for this puzzle I will argue that arc-shaped path is
not a phonological property of signs. Rather, it is predictable from other

1Although Sandler (1989) adopts only one shape feature, arc; straight movement
is the default and circular movement is represented as a sequence of concave/convex
arcs.

97
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characteristics of a model in which only straight and circular paths are
represented.

In this section I present a formal representation of movement that
combines the rigid body representation of the hand from Chapter 2 with
the three-dimensional representation of signing space from Chapter 3
into a transition unit. The transition unit captures both the temporal
and spatial properties of path movement, and provides the basis for
the analysis of repeated movement (“secondary movement” in previ-
ous analyses) and arc-shaped path movement. I conclude the section by
demonstrating that a transition-based analysis not only provides better
coverage of the data, but also provides an explanation for the asymme-
tries between path shapes.

4.1.1 The Data

The data from the Chapter 3, example (2), are presented again in (1).
Recall that to articulate (1a) the hand moves along a straight line, for
(1b) it moves in a circle, and in (1c) it moves along an arc-shaped path.

(1) a. lie b. sorry1 c. deaf

In (1a) all of the fingers are held straight and together; the thumb is
tucked against the palm. The fingertips point to the side, and the palm
faces down. The side of the tip of the index finger starts at the same
side of the chin as the hand that is articulating the sign. To articulate
the sign the hand moves across the chin in a straight line while the side
of the index finger maintains contact with the chin. The gesture stops
when the knuckle of the index finger reaches the other side of the chin.

In (1b) the fingers are curled against the palm to form a fist with the
thumb held against the side of the index finger. With the palm facing
the signer, the middle part of the fingers touch the middle of the chest.
To articulate the sign the hand makes a large circle at the chest while
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maintaining contact with it. The gesture ends at the same point that it
starts – at the middle of the upper chest.

In (1c) the index finger is straight while the rest of the fingers are
curled against the palm with the thumb held across them. The tip of
the index finger points up and the palm of the hand faces away from
the signer. To articulate the sign the tip of the index finger starts near
the upper part of the cheek. The hand moves in a straight line towards
the face until the tip of the index finger touches the cheek. The hand
then moves along an arc-shaped path and touches the lower part of the
cheek. It is also possible to articulate the sign by first touching the lower
part of the cheek and then touching the upper part of the cheek.

4.1.2 Line, Circle, Arc

Recall from Chapter 3 that the movement of the hand is confined to a
plane of articulation. Yet physiologically, even within the confines of a
plane, the hand is free to trace an infinite number of shapes. The data
in (1) represent only three of those possible shapes: a line, circle, and
arc. In contrast, paths following shapes like those described in (2) do
not contribute to well-formed monomorphemic lexical signs.

(2) a. ∗(hand moves back and forth along a zig-zag path)

b. ∗(hand makes a figure eight)

c. ∗(hand moves along a two-dimensional spiral)

d. ∗(hand traces a square)

The difference between the well-formed signs in (1) and the gestures
described in (2) are the shapes of the paths traced by the hand. In
the well-formed signs, only straight, circular, or arc-shaped paths occur.
This observation is generalized as (3).

(3) In a sign gesture, the hand traces a straight, circular, or arc-
shaped path.

4.1.3 The Asymmetries

In addition to being restricted to the set of shapes in (3), there are three
asymmetries exhibited in the set of ASL signs. First, whereas the initial
and final positions of the hand are contrastive for straight movement
and irrelevant for circular movement (that starts and stops at the same
place), the initial and final positions for arc-shaped movement may be
interchanged. Second, straight and circular movements may be repeated
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in a simple sign, but arc-shaped movement is not. Finally, straight and
circular movement occur in a small set of simple signs articulated with
sequences of movements, but arc-shaped movement does not.

4.1.3.1 Direction

To illustrate the first type of asymmetry consider that, as described
in Section 3.1.3, the direction the hand moves to articulate lie, (1a),
is contrastive. Moving the hand from the same side of the body as the
hand articulating the sign to the opposite side as in (1a) produces a well-
formed sign. Reversing the gesture so the hand starts on the opposite
side of the body from the hand articulating the gesture and moves in
the opposite direction from that in (1a) produces a non-interpretable
gesture in ASL.2

In contrast, the direction of articulation for deaf, (1c), may change.
The sign can be pronounced by first touching the top of the cheek and
then the lower part of the cheek. Alternatively, it can be articulated by
first touching the lower part of the cheek and then touching the upper
part of the cheek. This non-contrastive alternation has been described as
a form of metathesis by Johnson (1986) and Liddell and Johnson (1989).
Similarly, the circular movement in sorry, (1b), may be articulated in

either a clockwise or counter-clockwise direction. These observations are
generalized in (4).

(4) a. Direction of a gesture is contrastive for straight movement.

b. Direction of a gesture is non-contrastive for circular or arc-
shaped movement.

4.1.3.2 Repeated Movements

Some signs are articulated with repeated movements. The repetition of
movements in a lexical sign is referred to variously as “micro move-
ment” (Friedman 1976), “hand-internal movement” (Klima and Bel-
lugi 1979, Sandler 1989), “local movement” (Klima and Bellugi 1979,
Liddell and Johnson 1989), “secondary movement” (Perlmutter 1992),
and “secondary path movement” (Brentari 1990b). The movements
are characterized by repeated articulations of the same gesture that are
smaller than their singly articulated counterparts. Although repeated
movements are characterized as being able to be repeated uncountably,
extra repetitions are not without consequence. As will be discussed, the
number of repetitions affect the interpretation of the gesture.

2There are minimal pairs of signs in which changing the direction of the movement
changes the meaning of the sign, e.g., show-up, and disappear.
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(5a) is similar to (1a) except that it is articulated with a sequence
of two movements at the chin. Rather than move the full length of the
chin from one side to the other, the hand articulates two short identi-
cal straight movements at the center of the chin. The duration of the
repeated movement is impressionistically the same as the time it takes
to articulate the single movement in (1a). (5b) is similar to (1b), but
articulated with repeated circular movement. Rather than circle once,
as for (1b), the sign has the pronunciation in (5b) in which the hand
moves in two small circles, one on top of the other. Just as for (5a) and
(1a), (5b) and (1b) take about the same amount of time to articulate.
In contrast to (5a) and (5b), repeated arc-shaped movement does not
contribute to a well-formed sign, (5c).3

(5) a. liar b. sorry2 c. ∗arc

The pattern of well-formedness illustrated by the data in (5) is gen-
eralized in (6).

(6) Well-formed signs may be articulated with repeated straight or
repeated circular movements, but not repeated arc-shaped move-
ments.

With respect to the number of iterations that can be articulated when
a sign is repeated, note that (1a) is a verbal form meaning “to lie”, while

3It has been suggested that signs like grandmother/grandfather and far-
into-the-future may be counter-examples to this observation. However, these signs
differ from the gesture in (5c) in that they are articulated as linear sequences of arc-
shaped movement in the signing space. Furthermore, they are arguably complex
signs. The gesture of interest here is one that is repeated in the same space, and is
morphologically simple. Therefore, these are not counterexamples to the conclusions
of this discussion. Thank you to Jean Ann for bringing these potential counter-
examples to my attention.



102 / The Geometry of Visual Phonology

(5a) is a nominal form meaning “liar”. This is an example of the noun-
verb pairs described in Supalla and Newport (1978) in which the nominal
form of the verb is characterized by repeated, reduced articulation of
the same gesture used to articulate the verb. Note, however, that if the
basic gesture in (5a) is repeated more than twice, it is likely to receive a
verbal interpretation. Similarly, (5b) can be articulated more than twice,
but it too will be interpreted differently. In this case repetition acts as
an intensifier. Other characteristics of the repetitions, such as the path
of movement of the hand between the repetitions, will also affect the
meaning of the gesture (Klima and Bellugi 1979).

Hence word class is a factor in determining the acceptability of rep-
etitions. A complete examination of ASL morphology is, unfortunately,
beyond the scope of this discussion, but given the contrast between
a single iteration, a doubled iteration, and greater numbers of itera-
tions, I adopt the position that lexically only two types of movements
need to be represented: (i) a single iteration of a movement, and (ii) a
doubled iteration of a movement.4 This follows Stack’s (1988) proposal
that secondary movements are repeated versions of primary movements,
movements that are articulated once. As will be seen, the analysis that
explains the unacceptability of the repeated arc-shaped movement in
(5c) (Section 4.1.6) is consistent with the representation of secondary
movement as doubled movement.

4.1.3.3 Sequences of Movements

The third asymmetry between path shapes emerges in a small set of
signs which are articulated with a sequence of movements. There are
only four patterns, referred to as 7, ?, X, and + path shapes for reasons
that will become clear from the data in (7) and (8). The sequences of
movements are constrained in two significant ways: (i) each pattern can
be described as a sequence of only two movements, and (ii) each pattern
is a combination of only straight and circular movements. Arc-shaped
movements do not occur in this set of phonologically complex signs.

(7a) is an example of the 7 pattern. To articulate (7a) the fingertips
and thumbtip touch to form a flattened looking handshape. The palm
faces outward as the hand first moves along a straight path that is hor-
izontal with respect to the signer and then moves along a vertical path
while the palm shifts to face downward. This sequence of movements
traces a shape that resembles the number seven and is thus referred to
as a ‘7 movement’.

4Preliminary work by Chris Miller (p.c.) indicates that the number of repetitions
of movement is context-sensitive. More work in this area is required to sort out the
factors that affect repeated movement.
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(7b) is an example of the question mark pattern. To articulate (7b),
the fingers and thumbs of both hands are curled into a fist. The static
hand is held with the palm down in front of the signer. The other hand
moves first in a small circle a few inches above the back of the static hand,
and then moves downward in a straight line until it contacts the static
hand. The outline of this sequence of movements resembles a question
mark.

(7) a. 7: per-cent b. ?: appointment

(8a), an example of the X pattern, is articulated with the index finger
of the moving hand extended while the other fingers are curled against
the palm and tucked under the thumb. The other hand is held static in
front of the signer with the fingers and thumb straight, the palm facing
the signer, and the fingertips pointing towards the side. First the tip of
the index finger of the moving hand traces a straight line on the palm of
the hand starting at one of the upper corners of the palm and ending at
the corner of the palm caddy-corner to the first. The hand then moves to
the opposite upper corner of the palm and the fingertip traces another
line that ends at the corner of the palm caddy-corner to it. The result
is a sequence of movements that traces an x-shaped path.

(8b) is an example of the + pattern and is articulated with the index
and middle fingers straight while the other fingers are curled against the
palm with the thumb across them. At the start of the sign, the tips of
the fingers point to the side and the palm faces the signer. First the tips
of the extended fingers trace a short horizontal path across the upper
arm. Then the hand shifts so the fingertips point up and the palm faces
away from the signer. After shifting to the new position the fingertips
trace a short vertical path that bisects the first path. The combination
of the movements trace the outline of a +-sign on the signer’s upper
arm.
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(8) a. x: criticize b. +: hospital

As mentioned above, these sets of signs are small. Other examples of
signs with these patterns are:

7 end, never, order, chicago, boston, philadelphia, and other
city names

? center, habit, reservation/establish, perfect, when, natu-
rally/national, include, graduate, engagement, politi-
cal, government, attitude

x cancel

+ schedule, catholic, pepsi

In addition, the sources for three of the four patterns, namely the 7,
x, and +, may be iconic. For example, the shape of (7a) resembles the
outline of the per-cent sign, the shape of (8a) resembles the outline of
an x, a shape associated with crossing something off of a list or sched-
ule, and the shape of (8b) resembles the red crosses worn by hospital
personnel. Furthermore, these patterns of sequences of movements may
not be universal. For example, they appear to be absent in Dutch Sign
Language (Els van der Kooij, p.c.). These properties of this small set of
signs deserve more attention, but for the purposes of this discussion it
is sufficient to note the characteristics of the movements that contribute
to these patterns.

The movement in (7b) is a combination of a circular movement fol-
lowed by a straight movement. All the other patterns in this set of signs
are generated by a sequence of straight movements. Curiously, those
combinations do not include arc-shaped movement, as demonstrated by
the physiologically possible but non-occurring gestures described in (9).
None of these gestures contribute to well-formed signs.
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(9) a. ∗(arc-shaped movement followed by straight movement) or
∗(straight movement followed by arc-shaped movement)

b. ∗(circular movement followed by arc-shaped movement) or
∗(arc-shaped movement followed by circular movement)

The generalization in (10) captures this pattern of distribution.

(10) Straight and circular movements occur in sequences of gestures in
monomorphemic sign gestures; arc-shaped movements do not.

4.1.3.4 Asymmetries in Review

The asymmetries described in this section are summarized in (11). (11b)
and (11c) are asymmetries that set arc-shaped movement apart from the
other two. Although the asymmetry in (11a) does not follow the same
pattern as (b) and (c), it, too, has implications for differentiating arc-
shaped movement from the others. As indicated by (11a), the initial and
final points of movement are significant. For straight movement, the end-
points are distinct; for circular movement, the endpoints are the same.
Because straight movement is directional, the order of the endpoints
must be specified. Even though this is trivial for circular movement,
arc-shaped movement is the odd one out – as described above, the order
of its endpoints may alternate without changing the meaning of the sign.

(11) Straight Circle Arc

a. Direction is
contrastive: YES NO NO

b. Repeated movement
in signs: YES YES NO

c. Occurs in complex
monomorphemic signs. YES YES NO

In the remainder of this section I argue for a formal representation
of movement based on a rigid body analysis of the hand. I start with
straight and circular movements and then argue that arc-shaped move-
ment is derived from a specific representation of straight movement, thus
accounting for the asymmetries in (11).
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4.1.4 Straight and Circular Movement

In the signs presented thus far, the description of movement is straight-
forward: to articulate a path movement, the hand starts at one place,
moves, then stops at another place. The anatomy of a movement is as
presented in (12).

(12) Movement: (i) Start
(ii) Transition
(iii) End

Setting arc-shaped movements aside for the moment, and noting that
the endpoints are distinct for straight paths but the same for circular
paths, it is possible to derive the shape of the transition from the spatial
relation between the endpoints. If the endpoints are the same then the
transition is circular, but if the endpoints are distinct then the transi-
tion is linear. This is the reasoning that leads to the proposal for the
transition unit.

4.1.4.1 Straight Movement

Recall from Chapter 3 that a sign gesture is articulated in a plane of
articulation, and that the following planes of articulation have been spec-
ified: base and non-base, contralateral-side, ipsilateral-side, and center.
Well-formed signs articulated with straight movement are articulated
in the base plane (lie), the side planes (now), and the center plane
(good). The schematic in (13) illustrates, relative to the planes of ar-
ticulation, the set of straight paths that contribute to well-formed signs.

(13) Paths of Well-formed Signs

Ipsi-Side Center Contra-Side

−base

+base

6

?

6

?

6

?-�

The paths of well-formed signs contrast with the paths of logically
possible gestures like those described in (14).
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(14) a. ∗(gesture for lie articulated parallel to chin, but a few inches
in front of the chin)

b. ∗(gesture for lie that starts at the center of the chin and moves
to the side)

c. ∗(gesture for lie that starts at the side of the chin and ends
at the center of the chin)

The gestures described in (14) do not occur in well-formed signs. The
paths they follow are schematized in (15).

(15) Ipsi-Side Center Contra-Side

−base

+base∗ -� -�

∗ -�∗ -� -�

With reference to the constructs of signing space, the contrast be-
tween the paths in (13) and (15) can be generalized as (16).

(16) a. Gestures articulated parallel to, but a few inches from the
body are not well-formed signs.

b. Gestures that start at the center and end at the side, or start
at the side and end at the center, are not well-formed signs.

With respect to the generalization in (16b), consider the data in (17).
Both signs are articulated with the fingers straight and pointing upward,
the thumb folded against the palm and the palm facing towards the side.
The hand is held in front of the chin so the side of the index finger is
a few inches in front of the chin. To articulate (17a), the hand starts in
front of the center of the chin, moving towards the chin until the side
of the index finger touches it. The gesture is repeated twice. The same
repeated gesture is used to articulate (17b), except that it is articulated
on the side of the chin.5

5The handshape used to articulate these signs corresponds to the handshape from
the manual alphabet that represents the letter B. These signs are, therefore, arguably
loan signs from Signed Exact English. Nevertheless, they conform to the other prop-
erties of native signs, and are used here to illustrate the distinction between the side
and center of a location. That few minimal pairs of native signs take advantage of the
distinction between these two parts of location is a question for future consideration.
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(17) a. bitch b. breakfast

The difference between the signs in (17) is the position of the hand.
(17a) is articulated at the center of the chin and (17b) at the side. To
articulate the signs the hand need not contact either the center or the
side precisely. However, if a signer intends to articulate (17b) and the
gesture wanders too far to the middle of the chin, it will be interpreted
as (17a) and vice versa.

The sign in (17b) may also alternate between the left and right side
of the chin. In general, a right-handed signer will articulate (17b) on
the right side of the chin, and a left-handed signer will articulate it on
the left. But the other logical possibilities are also interpretable. For
example, a right-handed signer could articulate (17b) on the left side of
the chin, or a left-handed signer could articulate it on the right side of
the chin. Although the addressee may find these gestures odd, they do
not affect the meaning of the sign (Uyechi 1992). The generalization in
(18) captures these observations.6

(18) Articulating a sign on the right or left side of the body does not
change the meaning of a sign.

The proposition in (19) accounts not only for the generalization in
(18), but also for the contrast between the paths in (13) and (15).

6 A possible exception is the pair philadelphia and leather, for which side
may be distinctive. To account for such a distinction, sideipsi and sidecontra can be
specified in the representation of the signs. The difference may, however, be regional
and bears further investigation.
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(19) (i) Signs are articulated in the base, center, sideipsi and
sidecontra planes.

(ii) In a well-formed sign with distinct starting and end-
ing points, the hand moves from one side of the plane
to the other side to the extent of local signing space.

The propositions in (19) not only rule out the non-occurring gestures
described in (14), but also ensure the exclusion of gestures articulated
by moving the hand to any of the medial points of the plane. Hence,
they are adopted into the model. Further work is required, however, to
determine if (19i), which stipulates the exclusion of the non-base plane,
can be derived from more general principles.

4.1.4.2 Circular Movement

Like straight movement, circular movement is also subject to constraints
that can be stated in terms of local signing space. Consider, for example,
the signs in (20). To articulate (20a) the index finger is straight while
the rest of the fingers are curled against the palm with the thumb folded
across them. The tip of the finger points up and the palm faces the side.
The hand moves along a circular path perpendicular to the chin so that
the side of the index finger brushes against the center of the chin as it
passes by. Recall from (1b) that (20b) is articulated by moving the hand
in a circle while touching the chest.

(20) a. lonely b. sorry

The circular movement that characterizes the well-formed signs in
(20) contrast with the gestures described in (21).

(21) a. ∗(move hand in circle parallel to but not touching the chest)

b. ∗(move hand in circle at 45◦ angle with respect to chest)
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The circular movement of well-formed signs is either perpendicular to
the body or parallel to it. In either case, the hand touches the body while
articulating the circle – once per circle when the path is perpendicular
to the body, or throughout the circle when the path is parallel to the
body. Using the formalism of local signing space, the proposition in (22)
captures this observation.

(22) Circular movement starts and ends in the base plane.

This proposition predicts that circular movements not articulated
in contact with the body will be either perpendicular to or horizontal
with respect to the signer’s body, because when local signing space is in
neutral space the base plane is horizontal with respect to the body. The
data in (23) and (24) confirm that prediction.

To articulate (23a) both hands are held in fists with the palms facing
downward and the knuckles of the hands pointing away from the signer.
The hands alternate along circular paths that are perpendicular to the
signer’s body as though pumping the pedals of a bicycle. In (23b) the
fingers and thumb of the hand are straight and flat with respect to the
palm. The palm faces downward and the fingertips point away from the
signer. To articulate the sign the hand moves along a circular path that
is horizontal with respect to the signer’s body while keeping the palm
face down.

(23) a. bicycle b. locale

The gestures in (23) comply with the constraint in (22) and are,
as predicted, well-formed signs. In contrast, the gestures described in
(24) violate the proposition in (22) and, as predicted, do not occur in
well-formed signs.
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(24) a. ∗(bicycle articulated with hands moving at 45◦ angle with
respect to the upright position of the signer’s body)

b. ∗(locale articulated with palm facing body and fingertips
forming 30◦ angle with respect to the floor)

4.1.5 Transition Unit

In this section I combine the geometry-based representation of signing
space developed in Chapter 3 with a representation of the hand as a rigid
body, a mathematical abstraction for an object that retains its form as
it changes position. Within this formalism the movement of the hand
is characterized as a rigid body transformation in rectangular space. I
argue that the properties relevant to movement can be represented by
a construct I call a transition unit. The mathematical basis of this new
construct not only accounts for the properties of movements described
thus far, but also presents a foundation for capturing properties such as
variations in the speed and tenseness of pronunciations of signs.

4.1.5.1 Rigid Body and Transformations

As described in Chapter 2 the hand is capable of a number of configu-
rations. In all of those possible configurations it retains the same form.
That is, the length and size of the fingers and thumb are invariant. In
geometry an object that retains its form even as it changes position is
called a rigid body. A movement of a rigid body is represented by a rigid
body transformation where, as Stewart and Golubitsky (1992) put it, a
transformation is a “recipe for moving things around”.

In two-dimensional, or planar, space there are four transformations
that can be applied to a rigid body. Three are of interest here: trans-
lation, rotation, and reflection.7 They are represented in (25) using a
two-dimensional triangle to represent the rigid body.

In each diagram the rigid body has two positions: position A repre-
sents the start of the transformation, and position B represents its end.
A translation, (25a), is simply a movement of the body from one point
to another. A simple linear translation like the one illustrated in (25a)
is similar to moving the hand along a straight path. A rotation is im-
plemented by twisting the rigid body through some angle about a fixed
point. In (25b) the rigid body rotates forward through a 90◦ angle. This
transformation is like pivoting the hand about the wrist. Finally, a re-
flection is a transformation that flips the rigid body about a line, (25c).
The result is a mirror-image of Position A with respect to Position B.
Although this transformation is not relevant to the representation of the

7The fourth transformation is a glide reflection.
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movement of a hand through space, it is crucial for capturing the sym-
metry conditions on signs articulated with two hands. In the remainder
of the section the discussion will focus on translation and rotation.

(25)
A

��

B

��

A

�� BZZ

a. Translation b. Rotation

A

��

B

SS

c. Reflection

Movements of the whole hand can be captured by treating it as a
single body and describing its translations and rotations. Movements
of parts of the hand, such as flexing or extending the fingers, can be
captured by treating parts of the hands, for example a single finger,
as a single body and describing its rotation. I begin by discussing the
movement of the whole hand.

4.1.5.2 A Movement Function

A translation, as described in (25), captures only the initial position and
the final position of the rigid body. To get from point A to point B, the
rigid body may follow any path. For example, the triangle in (25a) may
start in position A, be lifted from the page, dance around the desk, circle
the room, and then finally come to rest in position B. The path it takes
from A to B is irrelevant.

But in sign language the path is crucial. The functions in (26) each
represent a set of points. (26a) captures the set of points that correspond
to a line, and (26b) captures the set of points that correspond to a circle.
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(26)

6
y

-
x

A Bs s 6
y

-
x

��
��

A=B
s

a. Line: b. Circle:
Ml(x, y) = (x+ kx, y + ky) Mc(x, y) = x2 + y2 = K

To apply these functions to the movement of the hand, assume that
the hand starts at position A and moves along the path described by
Ml until it reaches position B. This is represented by the notation in
(27a). If, however, the hand starts at position A and moves along a path
described by the circle function, Mc, then it ends at the same position,
as captured by the notation in (27b).

(27) a. Straight: ~Ml(x, y)initial = LOCA

~Ml(x, y)final = LOCB

b. Circular : ~Mc(x, y)initial = LOCA

~Mc(x, y)final = LOCA

Thus it is possible to differentiate a straight path from a circular path
by comparing the endpoints of the vector functions. Adopting a conven-
tion in which an ordered pair represents the initial and final endpoints
of the transition produces the notation in (28).

(28) Given the ordered pair of positions, [ LOCx, LOCy ],

(i) If x 6= y, then path is ~Ml.

(ii) If x = y, then path is ~Mc.

The ordered pair in (28) captures the spatial properties of a gesture.
Movements also have a temporal component. To articulate a well-formed
unmarked sign, the hand moves at a steady rate from its initial to its
final position. The overall rate that the hand moves may increase or
decrease without changing the basic lexical meaning of a sign. How-
ever, as illustrated by the possible gestures described in (29) which do
not contribute to well-formed signs, changes within a single gesture are
unacceptable.
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(29) a. ∗(articulate lie so that second half of the gesture is twice as
fast as the first half of the gesture)

b. ∗(articulate sorry so that the second half of the gesture is
half as slow as the first half of the gesture)

To account for the contrast between the well-formed versions of lie
and sorry and the gestures described in (29), the formal representation
of movement, the transition unit is defined in (30). The transition unit
relates the spatial and temporal properties of a gesture, in particular
ensuring that the rate of change is controlled. The default rate of change
is specified by the Principle of Proportionality, defined in (30iii).

(30) A transition unit consists of a time unit, T, associated with
a spatial unit, S.

(i) The time unit, T, represents a duration of time that
starts at time ti and ends at tf .

(ii) The spatial unit, S, represents the space that is
spanned by a rigid body translation, whose initial
position is Pi, whose final position is Pf , and whose

path is determined by movement vector, ~Ml or ~Mc.

(iii) Time unit, T, and spatial unit, S, are associated so
that the manual articulator assumes position Pi at
time ti and position Pf at time tf . Unless otherwise
stated, the rate of change is determined by the Prin-
ciple of Proportionality:

In the absence of any other specification, the
hand moves through space such that
Pf − Pi

tf − ti
=

∆P
∆t

= speedconstant

The Principle of Proportionality, (30iii), sets the stage for represent-
ing varying rates of movement. For example, as noted by Klima and
Bellugi (1979), the speed (and acceleration) of the hand may affect the
meaning of a sign. So (30) not only rules out ill-formed gestures, it also
anticipates the crucial role that the relation between time and space
plays in the morpho-phonology of signs.

The notation I adopt to capture the relations specified in (30) is il-
lustrated in (31). The square brackets represent the time unit associated
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with the spatial unit, the ordered pair of parameter values, P , represent
the spatial unit, and the subscripts represent the initial and final val-
ues of the movement function. The Greek symbol delta, ∆, represents
a transition between two points. Straight and circular movement need
not be specified explicitly. That information is derived from the relation
between the endpoints. For straight movement, they are distinct; for
circular movement, they are the same.

(31) Notation for the Transition Unit

Straight Movement: [ Pi, Pf ]∆
Circular Movement: [ Pi, Pi ]∆

The fully specified notation for the path movements used to articu-
late lie and sorry are given in (32). Only the relevant location infor-
mation is included. Of the three large brackets, the outermost represent
global signing space, the middle represent local signing space, and the
innermost represent the hand prism. In each case the change in location
is specified at the level of local signing space, capturing the change of
position of the hand prism with respect to local signing space.

(32) a. lie
LOC [+BaseLSS : ChinGSS ]

LOC [SideHP : I-SideLSS ,C-SideLSS ]∆[
LOC [T-SideHand : SideHP ]

]



b. sorry

LOC [+BaseLSS : ChestGSS ]
LOC [FrontHP : CenterLSS , CenterLSS ]∆[

LOC [PalmHand : FrontHP ]
]




A condensed form of the notation in (32) is given in (33).
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(33) a. lie:
LOCLSS [BaseLSS(ChinGSS) : I-Side,C-Side]∆

b. sorry:
LOCLSS [BaseLSS(ChestGSS) : Center, Center]∆

The representation of the movements for lie and sorry in (33),
in combination with the propositions in (30), account for the well-
formedness of the gestures in (1a) and (1b). The gestures described
in (29) are ruled out by the Principle of Proportionality, (30iii). Hence
the analysis provides a correct account of the data. The transition unit
and the Principle of Proportionality are crucial to this analysis and,
therefore, are adopted into the model.

In sum, the transition unit is a phonological construct that represents
a unit of movement. In the next section I extend the coverage of the
transition unit to include repeated movement, and then show that it
explains the puzzling asymmetries between path shapes described above.

4.1.5.3 Doubled Transition Unit

The well-formed signs for liar and sorry, (5a) and (5b), contrast with
the physiologically possible gestures described in (34). (34a) resembles
the verbal form lie, (1a), but is odd because the length of the gesture is
shorter because it is only half of the repeated gesture used to articulate
(5a). (34b) is not interpretable as the nominal form meaning liar. (34c)
and (34d) are possible variations of the sign in (5b), but they would
be accompanied with other characteristics. For example, (34c) could
be acceptable with a tensing of the gesture, but would not have an
unmarked interpretation.8

(34) a. ∗(gesture for liar articulated once)

b. ∗(gesture for liar articulated three times)

c. ](gesture for sorry articulated once)

d. ](gesture for sorry articulated three times)

So the well-formed signs in (5) are articulated with two repetitions
of a gesture that occurs in other signs, whereas the ill-formed or odd

8 Note that liar is a noun and sorry is an adjectival predicate, i.e., to be sorry.
The unacceptability of (34a) and (34b) reflect the constrained environment for nouns;
the variations in (34c) and (34d) reflect the adverbial type of modulations applicable
to other classes of signs.
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gestures in (34) are articulated with more or fewer than two gestures.
The statement in captures (35) this observation.9

(35) When a sign gesture is repeated in a monomorphemic sign, it is
articulated twice.

The diagrams in (36) represent the properties of the single sign ges-
ture with the repeated sign gesture. (36a) represents the paths the hands
follow to articulate the signs with a single path movement, and (36b)
represents the paths of the repeated gestures. The repeated gestures in
(36b) are roughly half the size of the single iterations of the gestures in
(36a). In addition, all four signs take roughly the same amount of time
to articulate.

(36) a. lie sorry1

-

&%
'$

b. liar sorry2

-- ������
��

The diagrams in (37) illustrate physiologically possible, but non-
occurring versions of the gestures in (36b). Repeated gestures are ill-
formed if they are different sizes, (37a) and (37b), or if they are articu-
lated at different rates, (37c).

9This is not to say, however, that signs with repeated gestures are always artic-
ulated with two-and-only-two repetitions. Rather, just as the speed and tenseness
of articulation may vary for a sign, so too, may the number of repetitions. Precise
bounds on the number of repetitions may be negotiated between the phonology and
phonetics of a sign. With respect to the phonology, I adopt a representation based on
two repetitions. A better understanding of the environments that induce variations
in the number of articulations of a gesture is crucial to continued work on this topic.
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(37) ∗liar ∗sorry2

a.

- -

����"!
# 

(Large, then small.)

b.

-- ����"!
# 

(Small, then large.)

c.

--

(One slow, one fast.)

������
��

(One slow, one fast.)

The difference between the well-formed patterns in (36b) and the
unacceptable patterns in (37) is that each iteration of a well-formed
repeated gesture is roughly the same size and takes about the same
amount of time to articulate. The characteristics of the repeated gesture
observed in (36) and (37) are summarized in (38).

(38) a. In a well-formed monomorphemic sign, a repeated gesture is
about half the size and takes roughly half the time to artic-
ulate as a similar gesture in a sign that is articulated with a
single iteration of the gesture.

b. A well-formed repeated gesture is articulated with two iden-
tical gestures.

The two to one relation between singly iterated and doubly iterated
sign gestures described in (38) is reinforced by the patterns of alter-
nations represented in (39). As the “loudness” of a sign changes, the
characteristics of a sign articulated with a double gesture changes ac-
cordingly. (39b) represents a moderate volume of signing the doubly
articulated gestures, (39a) represents reduced volume, and (39c) repre-
sents increased volume. In each case, even though the size of the gesture
varies, the repeated gesture maintains the same dimensions as the first
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gesture. With respect to a singly iterated sign articulated at the same
volume, the size of the single gesture is always roughly twice that of a
single iteration of the re-articulated gesture.

(39) liar sorry2

a. Small

-- mm

b. Moderate

-- ��
��
��
��

c. Large

-- "!
# 
"!
# 

To capture the generalizations in (38) and to account for alterna-
tions like (39), I adopt the formalism in (40). The doubling function

Double(x), in (40), takes as its input a movement function, ~M(x), and

outputs a repeated version of the input. When ~M(x) is spelled out, the
doubling function is represented as a repeated sequence of initial and
final positions, xi and xf , the endpoints of a single iteration of the re-
peated gesture.

(40) Doubling Function:

Double( ~M(x) ) = ~M(x) ~M(x) = (xi, xf , xi, xf )

The output of the doubling function is a repeated movement that
contributes to the doubled transition unit, defined in (41). The units of
time (T) and space (S) are the same as for the transition unit, (30).
In combination with the Principle of Proportionality, as specified before
as (30iii), the doubled transition unit ensures that the uniform relation
between space and time is conserved. The result is that the repeated
gestures are adjusted so that a single iteration of a doubled transition is
half the size and half the duration of a standard transition unit.
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(41) A doubled transition unit consists of a time unit, T, associ-
ated with a spatial unit, S.

(i) The time unit, T, represents a duration of time that
starts at time ti and ends at tf .

(ii) The spatial unit, S, represents the space spanned
by a rigid body translation, whose initial position
is Pi, whose final position is Pf , and whose path is

specified by a the doubling function, Double( ~Ml) or

Double( ~Mc).

(iii) Time unit, T, and spatial unit, S, are associated so
that the manual articulator assumes position Pi at
time ti and position Pf at time tf . The repeated
positions are related evenly to time and, unless oth-
erwise stated, the rate of change is determined by
the Principle of Proportionality.

The notation for the doubled transition unit is given in (42). The
subscript 2∆ represents the doubling of the spatial movement function.

(42) Notation for the Doubled Transition Unit

Straight Movement: [ Pi, Pf ]2∆l

Circular Movement: [ Pi, Pi ]2∆c

The fully specified notation for the repeated path movements used to
articulate liar and sorry2 are given in (43). Only the relevant location
information is included. Just as for the singly iterated path movements,
in each case the change in location is specified at the level of local signing
space, capturing the change of position of the hand prism with respect
to local signing space.

(43) a. liar
LOC [+BaseLSS : ChinGSS ]

LOC [SideHP : I-SideLSS ,C-SideLSS ]2∆[
LOC [T-SideHand : SideHP ]

]



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b. sorry2
LOC [+BaseLSS : ChestGSS ]

LOC [FrontHP : CenterLSS , CenterLSS ]2∆[
LOC [PalmHand : FrontHP ]

]



A condensed form of the notation in (43) is given in (44).

(44) a. liar:
LOCLSS [BaseLSS(ChinGSS) : I-Side,C-Side]2∆

b. sorry2:
LOCLSS [BaseLSS(ChestGSS) : Center, Center]2∆

The representations in (44), in combination with the propositions
in (41), and the doubling function in (40), account for the well-formed
characteristics of repeated movement schematized in (36b). The prin-
ciple of proportionality invoked by (41iii) rules out the non-occurring
gestures represented in (37). The doubled unit transition and the dou-
bling function provide a correct account of the data, therefore I adopt
both into the model of signs.

The relation between the transition unit and doubled transition unit
are similar to the proposal by Stack (1988), who observed that pri-
mary movements, or single iterations of change, are related to secondary
movements, or doubled iterations of change. The model proposed here
is similar to Stack’s in that both models account for properties of re-
peated movements without adopting the feature-based analysis of Lid-
dell (1990b), Sandler (1993c), or Perlmutter (1992).10 The models differ,
however, in that Stack (1988) operates within the framework of spoken
language phonology, appealing to a syllabic template to account for con-
straints on the sign gesture. In the model proposed here the transition
unit states the properties of the sign in formal mathematical terms, cap-
turing the relation between the spatial and temporal properties of the
sign explicitly. The analysis of arc-shaped movement presented in the
next section demonstrates the advantage of a transition-based account.

10 Liddell (1990) adopts the feature oscillating [osc] for the Movement-Hold model,
Sandler (1993c) adopts the feature trill feature for the Hand Tier model, and Perl-
mutter (1992) uses wiggling in the Moraic model. These models are discussed in more
detail in Chapter 6.
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4.1.6 Arc-Shaped Movement

With the transition-based representation of repeated movement, a sur-
prising analysis of arc-shaped path movement emerges – an arc-shaped
path is a by-product of repeated straight movement.

Recall the signs liar, (5a), bitch, (17a), and breakfast, (17b),
whose movements are schematized in (45). All three are articulated with
doubled straight movement. The movement for liar is articulated by
moving the hand repeatedly from one side of the chin to the other, (45a).
To articulate bitch the hand moves repeatedly in a straight movement
from near the center of the chin to touch the center of the chin, (45b).
To articulate breakfast the hand moves repeatedly from near the side
of the chin to touch the side of the chin, and can be articulated on either
side of the chin, (45c) or (45d).

(45) a.

--

-ctr +ctr -ctr

-base

+base
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b.

??

-ctr +ctr -ctr
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c.

??

-ctr +ctr -ctr
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+base
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d.

??

-ctr +ctr -ctr

-base

+base
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!
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"
"
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�
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��

��
�

The diagrams in (45) represent all but one of the logically possible
combinations of repeated straight movements. Because the non-center
planes of articulation are phonologically equivalent but physically split
between two places, a doubled gesture may be articulated first at one
side and then the other side of local signing space, as in (46). It is this
combination of repeated gestures that I propose is the source of the
arc-shaped movement used to articulate a sign like deaf, (1c).

(46)

? ?

-ctr +ctr -ctr

-base

+base

!!
!

��

"
"
"

�
�

�
��

��
�

Consider the characteristics of the movement needed to articulate
the repeated straight movements in (46). (47a) shows the idealized tar-
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get movement, a straight movement at one side followed by a straight
movement at the other side. In reality, to get from one side of the space
to the other requires an epenthetic movement from the end of the first
movement to the start of the next. This is idealized in (47b). When the
sequence of movements in (47b) is articulated in real time, the result is
the smoothed path in (47c) – an arc-shaped path.

(47) a. Idealized Movement:
? ?

-ctr +ctr -ctr

-base

+base
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�

b. Epenthetic Movement:
? ?

-ctr +ctr -ctr

-base

+base
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"
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��
�

c. Smoothed Movement:
?

-ctr +ctr -ctr

-base

+base

!!
!
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"
"
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�
�

�
��

��
�

By this account arc-shaped path movement is represented by the
transition unit in (48). The gesture is articulated at both non-center
sides, so a full specification of the doubled transition unit is necessary.

(48) “Arc-shaped” Doubled Transition Unit

LOCLSS


XLSS(YGSS : Sidea(−Base),
XLSS(YGSS : Sidea(+Base),
XLSS(YGSS : Sideb(−Base),
XLSS(YGSS : Sideb(+Base)


2∆

This analysis predicts that an arc-shaped gesture is preceded by a
straight downward movement. The set of physiologically possible ges-
tures in (49) represent other possible directions of “downbeats” to an
arc-shaped movement. None of those occur in well-formed signs.11

11 Note that when local signing space is associated with the body, (49b) is physi-
ologically impossible.
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(49) a.

-
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This analysis also predicts that the downbeat will occur even in se-
quences of signs where there is an opportunity to forego the downbeat.
For example, (50) is articulated with an arc-shaped movement. It is an
initialized sign that borrows the handshape used for the letter r in the
manual alphabet. The index and middle fingers are straight and crossed
with the middle finger resting on top of the index finger. The other fin-
gers are curled against the palm of the hand with the thumb resting on
top of them. The hand is held so the fingertips point up and the palm
faces the signer. To articulate the sign the front top pad of the index
finger touches one side of the chin then moves along an arc-shaped path
to touch the other side of the chin.

(50) restaurant

If the signs deaf and restaurant are articulated in sequence, as in
(51), the analysis for arc-shaped movement predicts that the hand will
follow the paths shown in (51a) so that at the end of the first sign the
hand moves away from the face before articulating the second sign. If,
as illustrated in (51b), the hand moves directly from the end of the first
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sign to the arc-shaped path of the second sign without the intermediate
move towards the face, then the sequence is unacceptable. Preliminary
evidence confirms this expectation.

(51) a. deaf restaurant b. ∗deaf restaurant

In sum, when straight movement is repeated, all logical combinations
of gestures available, subject to the constraints of local signing space,
appear in well-formed signs. Arc-shaped path movement is a side effect
of one of those combinations.12

4.1.7 Asymmetries Revisited

The summary of asymmetries from (11) is repeated in (52). All three
asymmetries can now be explained in terms of the analysis of straight,
circular, and arc-shaped movement based on the transition unit.

(52) Straight Circle Arc
a. Direction is

contrastive: YES NO NO

b. Repeated movement
in signs: YES YES NO

c. Occurs in complex
monomorphemic signs. YES YES NO

12Liddell and Johnson (1989) proposed a similar analysis. The timing structure
they propose for deaf (1989:244) is MHMMH. The first MH represents a straight
downward movement, the next M represents an arc-shaped movement to the starting
point for the final MH that represents a final downward movement. This explicit rep-
resentation of arc-shaped movement in the phonology differs significantly, however,
from its derivative status in the model of visual phonology presented here.
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The representation of the transition unit which includes the initial
and final endpoints of the gesture provides an account for asymmetry
(a). For straight movement the endpoints are distinct, so the direction of
the movement is contrastive. For circular movement the endpoints are
co-located, so direction is not phonologically contrastive. For a differ-
ent reason the direction of arc-shaped movement is also not contrastive.
Arc-shaped movement is represented as repeated movements in phono-
logically equivalent, but physically distinct, locations. So phonetically
the gesture may be articulated starting on either side of the location.
Phonologically, the representation is the same, accounting for the non-
contrastive properties of the direction of movement.

Asymmetry (b) has a straightforward explanation in this analysis.
As argued here, at most two repetitions of a gesture are allowed in a
simple sign. Because arc-shaped movement is articulated with repeated
straight movement, two repeated arc-shaped movements would intro-
duce four repeated straight movements in a simple sign, thus violating
the maximum number of repetitions allowed. Straight and circular move-
ment are, on the other hand, each articulated with a single gesture and
therefore can be repeated in a simple sign.

The explanation for asymmetry (c) is related to the explanation for
asymmetry (b). A simple sign can only accommodate a maximum of two
gestures. So if one of the gestures in a monomorphemic sign articulated
with a sequence of gestures is an arc-shaped movement, the total number
of gestures would exceed the ceiling of two. Combinations of straight
and circular movement are allowed because each of those movements
contribute a single gesture.

In sum, the transition unit, the doubled transition unit, and the
related propositions of the model provide a set of logically consistent
explanations for the asymmetries between path movements. And as will
be presented in the following sections, the transition unit unifies the
properties of changes in handshape and orientation. But before contin-
uing this discussion, it is important to digress and note that the line
and circle emerge in this analysis as the only underlying shapes of the
transition function. The finding is mathematically significant.

4.1.8 Symmetry

The line and circle are special. A circle is the simplest geometric form
with rotational symmetry. In other words, it has the same form regard-
less of how it is rotated. A(n infinite) line is the simplest geometric form
with translational symmetry. That is to say that it has the same form
regardless of how it is translated. It is significant that these two shapes
emerge from the set of all physiologically possible shapes for path move-
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ments because their properties of symmetry, or sameness, are consistent
with other properties of bilateral symmetry that have been recognized
in signs.

For example, Frishberg (1976) notes that the line of bilateral symme-
try running vertically through the signer’s body is relevant to historical
change. Gestures show a tendency to move towards the center of the
body. And when a sign is articulated with two independently moving
hands, they tend to be positioned on either side of the center of the
body. Thus as signs undergo change, they appear to respect the bilat-
eral symmetry of the body.

In addition, as discussed here and in Chapter 2, there is a lack of con-
trastiveness between the right and left hands or the right and left sides
of the body. These observations reflect “the symmetry of left and right,
which is so conspicuous in the structure of the higher animals, especially
the human body,” and “is strictly geometric and ... an absolutely precise
concept” (Weyl 1969).

So the emergence of path shapes that exhibit perfect symmetry in
one dimension (line) and two dimensions (circle) is consistent with the
inherent symmetry of the body. Furthermore, this observation links the
sign system to other natural systems that exhibit and exploit bilateral
symmetry. Stewart and Golubitsky (1992), for example, present exam-
ples of bilateral symmetry in nature that range from the formation of
crystal structures to the gaits of multi-pedal animals. The discussion
here strongly suggests that a similar consideration might also be ex-
tended to sign language.

The analysis presented here, therefore, differs crucially from previ-
ous proposals. By formalizing the properties of the system in geometric
terms, the model builds links beyond language to other natural systems.
In contrast, previous models of signs which have been based on the
constructs from spoken language phonology build links to the structure
of spoken languages while missing the broader organizational principles
underlying signs. For example, the constructs for signing space provide
the basis for formalizing the symmetry that Battison (1978) observes
in two-handed signs. Although two-handed signs are beyond the scope
of the current discussion, it is a logical extension of the work presented
here. A more complete discussion of the formal symmetric properties of
two-handed signs is likely to strengthen the ties to other natural systems
that is suggested here by the emergence of the line and circle as the only
underlying path shapes of signs.13

If symmetry does indeed play a key role in the representation of

13See Section 5.3.1.
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signs, then it will raise new questions related to a theory of universal
phonology: Is symmetry reflected in the phonology of spoken language?
If so, how? And if not, why not? If a similar symmetry does not exist,
then it provides more evidence to argue for distinct frameworks of visual
phonology and spoken language phonology, but it would raise an even
more fundamental question: Why the (phonological) asymmetry between
visual and spoken language?

4.2 Change in Handshape

In this section I show that the transition unit also accounts for changes in
hand posture, or handshape change. In previous accounts of handshape
change a single handshape change constraint is proposed (Sandler 1989,
Brentari 1990a). Following Sandler (1989), I exclude fingerspelled loan
signs from the analysis of handshape change. But in contrast to Sandler
and Brentari, I propose that not one, but a set of constraints on hand-
shape change are required to capture the distributional asymmetries of
handshape change.

In another account of handshape change, Corina (1993) represents
handshape change in the context of spoken language feature geometry as
sequences of root nodes, or non-branching contours. He treats handshape
change as a sequence of two distinct but related handshapes. Similarly,
in this analysis handshape change is represented as a sequence of hand-
shapes. Unlike previous analyses, however, a transition-based analysis
of handshape change links it to changes in location.

I argue for a movement function that applies to the hand. The move-
ment function in this case applies not to a single rigid body, as for the
transition of the hand between two places, but to a system of rigid bod-
ies defined by the organization of the components of the hand presented
in Chapter 2. I start by describing some characteristics of handshape
change. I then describe the specific type of rigid body transition that
applies to the hand, and then argue that the transition unit, as defined
in the previous section, is applicable to handshape change.

4.2.1 The Data

The sign in (53) is articulated with only a change in handshape. At the
start of the sign all the fingers are curled against the palm of the hand
with the thumb resting across them. The hand is held near the side of
the forehead with the palm facing towards the signer and the tops of
the knuckles facing up. To articulate the sign the index finger uncurls
until it is straight. The hand stays in the same position throughout the
change in the index finger.
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(53) understand

The well-formed sign in (53) contrasts with the gestures described
in (54). Unlike the gesture described in (54a), the change from the first
hand position to the second in (53) is direct – the index finger changes
directly from folded to straight. And unlike the gesture described in
(54b), the change in (53) is smooth – the unbending of the joints occur
simultaneously.

(54) Starting from closed initial position,

a.∗(the middle and end joints extend while knuckle remains at
90◦ angle, then index finger straightens at knuckle)

b.∗(knuckle of index finger straightens, pauses, then middle and
end joint straighten)

In short, the change from the initial to the final position of the index
finger in (53) is articulated with a smooth transition accomplished by
the simultaneous movement of the joints. To exclude gestures like those
in (54) from the representation of signs, I propose to model the hand as
a set of rigid bodies.

4.2.2 Rigid Body and Angular Translations

In the discussion about change in location, the hand was modeled as
a single rigid body. In a similar fashion, each of the bone segments of
the finger can be modeled as a rigid body. As shown in (55a), the finger
is composed of three bone segments: (i) between the knuckle and the
middle joint, (ii) between the middle and end joint, and (iii) from the
end joint to the finger tip. As schematized in (55b), each bone segment
can be represented as a rigid body and each joint as a pivot point.
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(55) c Knuckle

c Middle

c End

a. Finger b. Rigid Body Representation

Using the representation from (55b), the movement in (53) can be
characterized as a change from a posture in which the finger segments
are all bent, (56a), to one in which the segments are all straight, (56b).

(56)

c c
c

→

c
c
c

a. HS1 b. HS2

The movement of a single bone segment can be formalized as a rigid
body rotation. For example, the bone segment may start in position A,
(57a), and then rotate counterclockwise to position B, (57b), about the
circle representing the joint, or pivot point, for the rotation.

(57) c c
a. Position A b. Position B

The change from position A to position B can be captured by a
rigid body transformation. The rotation in (58) captures the angular
displacement of the segment.14 In angular displacement, a body of length

14Nagahara (1988) argues for a representation for signs that uses Cartesian coordi-
nates to represent straight movement and polar coordinates to represent movements
along an arc. The approach here is similar, except that polar coordinates are ap-
plied not only to the movement of the whole hand (as will be argued in the section
discussing change in orientation), but to the components of the hand as well.
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r, positioned at an angle θ, rotates about a pivot point through an angle
θk.

(58) c
r

θk

Angular Displacement: f(r, θ) = (r, θ + θk)

Each segment of the finger can be modeled as a rigid body that piv-
ots about a point. To capture the movement of the index finger from its
initial to final position to articulate understand, each bone segment
is subject to a 90◦ rotation about its respective joint, as illustrated by
the arrows in (59a). The set of equations for the movement are listed in
(59c). To capture the properties of the movement of the index finger to
articulate understand, all three rotations must be executed simulta-
neously.

(59)

c c
c

→

c f(rk, θ) = (rk, θ + 90◦)

c f(rm, θ) = (rm, θ + 90◦)

c f(re, θ) = (re, θ + 90◦)

a. HS1 b. HS2 c. Rotations

4.2.3 Transition Unit

Hence the change between two postures of the hand can be specified
as a set of movement functions that define the angular displacement
at each of the joints involved. So the same formalism of rigid body
transformations and path functions that lead to the movement function
for a change in position of the whole hand can also be applied to the parts
of the hand. To simplify the notation I adopt the movement function in
(60).

(60) Handshape Movement: ~M(HSi) = HSf ,

where ~M(HS) represents a matrix of rigid body rotations
that specifies the angular displacement of each bone segment
involved in the movement.
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Adopting ~M(HS) as the movement function that defines the spa-
tial unit for handshape, the transition unit and the principle of propor-
tionality can be applied to handshape change. The transition unit for
handshape change is given in (61).

(61) Transition Unit for Handshape: [ HSi, HSf ]∆

For example, the representation for the handshape change articulated
for understand is given in (62).

(62) understand:

HS:





+sel : [ I ]
+base :[
−ext
+flx

]
−base :[
−ext
+flx

]


−sel : [ TMRP ]
+base :[
−ext
+flx

]
−base :[
−ext
+flx

]


th : [ +opposed ]



,



+sel : [ I ]
+base :[

+ext
−flx

]
−base :[

+ext
−flx

]


−sel : [ TMRP ]
+base :[
−ext
+flx

]
−base :[
−ext
+flx

]


th : [ +opposed ]




∆

A simplified representation for the handshape change that uses the
names of handshapes is given in (63).

(63) HS : [S,G]∆

The combination of the representation in (62), the transition unit,
and the principle of proportionality predicts that the gestures described
in (64) are not well-formed signs.

(64) a. ∗(the second part of understand articulated twice as
fast as the first part of the gesture)

b. ∗(the second part of understand articulated at only
half the rate as the first part of the gesture)

Gestures like those in (64) are, in fact, ill-formed in ASL, so the
analysis makes the correct predictions.
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4.2.4 Doubled Transition Unit

The doubling function should also apply to handshape. As illustrated
by (65), signs are articulated with repeated handshape change. At the
start of (65) the fingers and thumb are curved. The hand is held in front
of the signer with the palm facing to the side and the thumb-side of the
hand facing up. To articulate the sign, the fingers and thumb tighten to
form a fist. The gesture is articulated twice.

(65) milk

The two small repeated gestures contrast with the ill-formed gestures
described in (66).

(66) a. ∗(milk articulated with one large opening and closing
gesture, then with a small opening and closing gesture)

b. ∗(milk articulated with a small opening and closing of
the hand, followed by a larger gesture)

The representation for (65) is given in (67).

(67) milk

HS:





+sel : [ TIMRP ]
+base :[
−ext
−flx

]
−base :[
−ext
−flx

]


th : [ +opposed ]

 ,



+sel : [ TIMRP ]
+base :[
−ext
+flx

]
−base :[
−ext
+flx

]


th : [ +opposed ]




2∆

The representation in (67), in combination with the propositions for
the doubled transition unit, and the principle of proportionality rule out
the ill-formed gestures described in (66). So both the transition unit and
doubled transition unit provide a correct account of the data.
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4.2.5 Constraints on Handshape Change

Just as the transition unit for location is constrained by the properties
of local signing space and the planes of articulation, so too there are
constraints on handshape change. In previous accounts only a single
handshape constraint has been proposed (Sandler 1989, Brentari 1990a).
In this section I suggest that there is not just one, but several, constraints
on handshape change.

As described in Chapter 2, a large set of handshapes occur in ASL.
Based on the basic set of handshapes presented in Chapter 2, the chart
in (68) depicts all logical possible sequences of those basic handshapes in
ASL. The value in the left column specifies the initial handshape and the
value in the top row specifies the final handshape. Where combinations
occur in ASL, a sign name is given. If the combination is unattested in
ASL, it is marked with an asterisk (∗). An x indicates that the combi-
nation does not produce a handshape change.

(68) Initial Final HS
HS curved- flat- flat-

closed closed closed curved flat curved open

closed X ∗ ∗ SHOCK THROW ∗ UNDER-

STAND

curved- ∗ X ∗ ∗ ∗ ∗ ∗
closed

flat- ∗ ∗ X ∗ SPRING ∗ ∗
closed

curved MILK BITE ∗ X ∗ ∗ ∗

flat ∗ ∗ LIKE ∗ X ∗ ∗

flat- ∗ ∗ ∗ ∗ ∗ X ∗
curved

open MEMO- ∗ ∗ ∗ ∗ WANT X

RIZE
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As shown, not all handshape changes occur in ASL. Even though
the chart in (68) does not take into account distributional differences
based on selected fingers or repeated movements, it reveals a pattern of
handshape change summarized in (69). The lines in (69) relate pairs of
handshapes that participate in handshape changes with the arrowhead
pointing to the final handshape.

(69) Non-Base Joints

Base Joint bent neutral straight

bent closed curved- flat-
closed closed

neutral ∗1 curved flat

straight ∗2 flat-curved open

Three patterns that emerge from (69) are summarized in (70). First,
the handshapes with bent base joints never occur with each other in a
handshape change. As indicated by (70a), a handshape change starting
in a closed handshape and ending with a curved-closed handshape does
not occur, nor do any other combinations of those handshapes. Second,
three pairs of handshapes occur in handshape changes with each other
but with no other handshapes, (70b). Third, the closed handshape occurs
in combination with an open, flat, or curved handshape, and can be the
final handshape if the initial handshape is open or curved, (70c).

(70) a. The following handshapes do not occur together in a hand-
shape change: closed, curved-closed, flat-closed.

b. curved → curved-closed
flat ↔ flat-closed
open → flat-curved

c. closed → (open, flat, curved)
(open, curved) → closed
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The generalization in (70a) can be captured by a constraint that
rules out combinations of handshape change in which both the initial
and final handshape are handshapes with a bent base joint. Using joints
and joint features, this is stated as (71).

(71) ∗( [ Base : +flex ] → [ Base : +flex ] )

Similar constraints can be stated on the other observed combina-
tions, but the purpose of the section has been met. As mentioned above,
the data in (68) is incomplete and opens areas for future investigation,
yet it is still possible to see the need for more than one constraint on
handshape change. Cross-linguistic study is crucial for testing the pro-
posed feature set and constraints. Other factors that must be taken
into account are the selected fingers that participate in the handshape
changes, the relation between the fingers and thumb (discussed in more
detail below), the relation between handshape and secondary movement,
as well as interactions between these factors. Finally, the low occurrence
of the handshapes presented here with the placeholders ∗1 and ∗2 re-
quires further investigation to determine their role (if any) in other sign
languages.

4.3 Change in Orientation

Arguments like those made for change in location and change in hand-
shape can also be made for change in orientation.

4.3.1 The Data

The signs in (72) are articulated without changing the shape or location
of the hand – only the orientation of the hand changes. To articulate
(72a) the hand rotates from one position to another. The fingers and
thumb of the moving hand are straight with the thumb at right angles
to the fingers. The fingers and thumb of the static hand are wrapped
loosely around the extended thumb, and the static hand is held so its
palm faces down and the knuckles of the hand face away from the signer.
At the start of the sign the fingertips of the moving hand point downward
and the palm of the hand faces the signer. To articulate the sign the hand
rotates, pivoting about the thumb until the fingertips point up and the
palm faces away from the signer.

In (72b) the index finger is straight while the other fingers are curled
against the palm and the thumb rests across them. The static hand is
held with the palm facing down, and the forearm horizontal and parallel
to the front of the body. The fingers and thumb of the static hand may
be held in the same configuration as the moving hand, or may be relaxed
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in a neutral position. At the start of the sign the elbow of the moving
arm rests on the back of the static hand, the fingertip points up, and
the palm faces the side. To articulate the sign the forearm pivots about
the elbow until the hand rests on the static forearm with the palm face
down and the fingertip pointing to the side.

(72) a. incompetent b. day

In contrast to the well-formed signs in (72), the gestures described
in (73) are physiologically possible but do not contribute to well-formed
signs in ASL.

(73) a. ∗(incompetent articulated so fingertips point down, to
the side, then up)

b. ∗(second half of incompetent is twice as fast as the
first part)

c. ∗(second half of incompetent is half the speed of the
first half)

d. ∗(day articulated so arm moves to point fingertip away
from signer, then to the side)

e. ∗(second half of day is twice as fast as the first part)
f. ∗(second half of day is half the speed of the first half)

In addition, recall from Chapter 2 that when the fingers are extended,
there are two possible handshapes: (i) all of the joints are extended, and
(ii) only the non-base joints are extended. With respect to the handshape
in (72a), these related configurations are as shown in (74). In (74a) all
the joints are extended and in (74b) the base joint is bent. The sign in
(72a) can be pronounced with either hand configuration. As described
above, if the hand configuration in (74a) is used, the whole hand rotates.
But if the hand configuration in (74b) is used, at the start of the gesture



138 / The Geometry of Visual Phonology

the palm faces down and the fingertips point down. To articulate the
sign the fingers rotate until they point upward. The physiology of the
hand also forces it to rotate slightly during the last part of the gesture.

(74) a.

[
+BASE : EXT
−BASE : EXT

]
b.

[
+BASE : FLEX
−BASE : EXT

]

The alternation of the sign between a pronunciation that uses the
handshape in (74a) and one that uses the handshape in (74b) calls into
question the possibility of representing the movement of the hand simply
in terms of its palm orientation or handshape.

4.3.2 Rigid Body and Angular Translations

Just as for path movement, the signs in (72) are articulated with the
displacement of the articulator from one place to another. But unlike
path movement, which is characterized as a linear movement of the whole
body from one place to another, the signs in (72) are characterized by
an angular movement of a body about a pivot point. In this respect the
movements in (72) resemble the movements of the bone segments about
their respective joints that contribute to changes in handshape. Unlike
handshape change, however, in this case only one body pivots.

Again, the part of the articulator that moves can be formalized as a
rigid body and its movement can be represented as a rigid body transfor-
mation, specifically as a rigid body rotation. The angular displacement
function, repeated as (75), captures the path of the rotation.

(75) c
r

θk

Angular Displacement: f(r, θ) = (r, θ + θk)
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In this case only a single function need apply to the body that is
moving. So the angular displacement for the movement of the fingers
in incompetent is schematized in (76a), and the displacement of the
forearm in day is schematized as (76b).

(76)

c 180◦

A

B

c
90◦

B

A

a. incompetent b. day

4.3.3 Transition Unit

Adopting the movement function in (75), the transition unit for orien-
tation change is specified in (77).

(77)
Transition Unit for Orientation:
[ ORi(HP,LSS), ORf (HP,LSS) ]∆

The representations for the movements articulated in (72) are given
in (78) and (79). The representation of the hand configuration used to
articulate incompetent is given in (78a), and the transition unit that
represents the change in orientation is in (78b).

(78) a. Hand Configuration for incompetent (B-handshape)

HP: LOC [ BaseHand : BottomHP ]

OR

[
PalmHand : FrontHP

FingertipsHand : TopHP

]

HS



+SEL : [ TIMRP ]
+Base :

[
+ext
−flex

]

−Base :

[
+ext
−flex

]


THUMB : [ −opposed ]


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b. Transition Unit for incompetent[ [
FrontHP : −LocalLSS

TopHP : +BaseLSS

]
,

[
FrontHP : +LocalLSS

TopHP : −BaseLSS

] ]
∆

The representation for the hand configuration to articulate day is
given in (79a). The transition unit that represents the change in ori-
entation is given in (79b). The notation C-side in (79b) stands for
contralateral-side.

(79) a. Hand Configuration for day (G-handshape)

HP: LOC [ ElbowHand : BottomHP ]

OR

[
PalmHand : FrontHP

FingertipsHand : TopHP

]

HS



+SEL : [ I ]
+Base :

[
+ext
−flex

]

−Base :

[
+ext
−flex

]


−SEL : [ TMRP ]
+Base :

[
−ext
+flex

]

−Base :

[
−ext
+flex

]


THUMB : [ +opposed ]


b. Transition Unit for day[ [

FrontHP : C-sideLSS

TopHP : −BaseLSS

]
,

[
FrontHP : +BaseLSS

TopHP : C-sideLSS

] ]
∆

In sum, by treating the hand as a single rigid body, the properties of
a gesture articulated with a change in hand orientation can be captured
by specifying the relation of the hand prism with respect to local signing
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space. Note, however, that the pivot point for articulating incompetent
is apparently the wrist, yet the pivot point for articulating day is the
elbow. That is to say, to articulate the former, only the hand appears
to rotate about the wrist, whereas to articulate the latter, the entire
forearm rotates about the elbow. This information has been captured
without argument by the location relation between the hand and hand
prism in (78a) and (79a).

In the following section I present data to support this as the appro-
priate approach. As noted below, more work on (allophonic) variations
of signs is required to fully understand the relation between articulator
and hand prism.

4.3.4 Hand Prism Domain

As described above, the pronunciation for incompetent has a variant in
which the fingers move about the base joint rather than the whole hand
moving about the wrist. The data in (80) illustrate a sign articulated
with a change in orientation which has three possible pronunciations.

To articulate (80a) the fingers and thumb are straight, the fingertips
point up, the palm faces the signer, and the hand is held in front and
slightly to the side of the signer. At the start of the sign the forearm is
held away from the signer at a slight angle with respect to the signer.
The forearm rotates about the elbow towards the signer until it can go
no further. At that point the palm faces towards the signer’s shoulder.
The starting position for (80b) is similar to (80a). The hand is held in
the same posture, but the forearm is held parallel with the front of the
body. To articulate the sign the hand bends about the wrist moving
towards the signer until it can go no further. The starting position for
(80c) is the same as (80b). To articulate the sign the fingers bend at the
knuckles towards the signer and stop when the fingertips are pointing
toward the signer.

(80) a. past1 b. past2 c. past3
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To represent the properties of the gestures in (80) in terms of a
transition unit, specifically a transition unit that captures a change in
orientation as a rotation of the hand prism in local signing space, the
hand prism might be specified as illustrated in (81). For the pronuncia-
tion in which the whole forearm rotates, the bottom of the hand prism
associates with the elbow, (81a). For the pronunciation in which the
hand rotates, the bottom of the hand prism associates with the wrist,
(81b), and for the pronunciation in which only the fingers rotate, the
bottom of the hand prism associates with the non-base joints, (81c).

(81) a. past1 b. past2 c. past3

Although signers appear to use the gestures in (81) interchangeably,
it is not clear if the variants are predictable or in free variation. It is clear,
however, that gestures like those described in (82) are not well-formed
variations of the signs described.

(82) a. ∗(incompetent with fingers bending at the non-base
joints)

b. ∗(past with fingers bending at the non-base joints)

The contrast between the well-formed variants of the signs and the
ill-formed but physiologically possible variants described in (82) can be
captured by considering what appears to be an underlying phonetic hi-
erarchy based on the physiological structure of the articulators, (83).
The joint structure, (83a), is in this case more relevant than the bone
structure in (83b). To account for the non-occurring variations in (82),
the non-base joints are ruled out, as indicated by the parentheses in
(83a). The variants that occur can be accounted for by specifying the
highest joint in the hierarchy about which the change in orientation is
articulated. For incompetent this will be the wrist, while for past it
will be the elbow. Variations can be accounted for by allowing change
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in orientation to apply to joints lower in the hierarchy than specified in
the underlying representation.

(83) a. Joints: Shoulder b. Bones: Upper-arm
| |

Elbow Lower-arm
| |

Wrist Palm
| |

Base-joint Base-fingerbones
| |

(Non-base-joint) Non-base-fingerbones

This proposal presents a possible approach for formulating the basis
of a theory of visual phonetics.15

4.3.5 Doubled Transition Unit

Capturing the properties of change in orientation with the transition
unit implies that the doubling function, which correctly captures the
properties of changes in location and handshape, must also apply to
changes in orientation. This is indeed the case, as illustrated by the sign
in (84).

In (84) the fingers and thumb are bent into a fist. The palm faces
away from the signer with the knuckles facing upward. To articulate
the sign the hand rotates forward at the wrist through a small (about
30◦) angle, returns to its original position, and then repeats the rotating
movement.

(84) yes

15Crasborn (1995) makes an initial proposal towards a visual phonetics.
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This repeated movement is captured by the representation in (85).
The orientation relation between the hand and hand prism is given in
(85a), and the doubled transition unit is specified in (85b). Although
the transition unit in (85b) captures a 90◦ change in the orientation of
the hand, the propositions for the doubled transition unit, along with
the principle of proportionality provide the reduced form of the gesture
that is described for (84).

(85) a. Hand Configuration for yes (S-handshape)

HP: LOC [ BaseHand : BottomHP ]

OR

[
Palm : FrontHP

Fingertips : TopHP

]

HS



+SEL : [ TIMRP ]
+Base :

[
−ext
+flex

]

−Base :

[
−ext
+flex

]


THUMB : [ +opposed ]


b. Transition Unit for yes[ [

FrontHP : +LocalLSS

TopHP : −BaseLSS

]
,

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

] ]
2∆

The representation in (85) rules out non-occurring but physiologi-
cally possible gestures like the ones described in (86).

(86) a. ∗(yes with a 90◦ rotation, followed by a 30◦ rotation)
b. ∗(yes with a 30◦ rotation, followed by a 90◦ rotation)
c. ∗(yes with the second rotation twice as fast as the first)

Thus the model provides the correct interpretation for repeated
movements that involve a change in orientation.

4.3.6 Constraint on Orientation Change

Without giving it explicit consideration, the preceding discussion about
the representation of change in orientation has captured a constraint on
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change in orientation. Namely, that a change in orientation for a simple
sign is restricted to one rotation about a single axis. The data in (87)
highlight this constraint.

Recall that the sign day is articulated by the forearm, with its elbow
resting on the back of the static hand, rotating through a 90◦ angle. (87)
describes gestures that are physiologically possible but that do not occur
in well-formed signs. In (87a) a side-to-side rotation of the forearm is
combined with its forward rotation, and in (87b) the rotation of the
finger is combined with forearm rotation.

(87) a. ∗(day articulated with forearm rotating so that palm
faces out at end of sign)

b. ∗(index finger rotates forward about knuckle as day is
pronounced)

In fact, a transition unit of orientation applies to a single specifica-
tion of the hand prism in local signing space, so it automatically rules
out the gesture described in (87b). And the movement function for the
transition unit of orientation specifies an angular displacement along a
single dimension, so a change in the position of the hand that requires
rotations about two axes, as in (87a), is also ruled out. Hence, both ill-
formed gestures in (87) are ruled out by the properties of the formalism.

Moving On

In this chapter the rigid body representation of the hand from Chap-
ter 2 has been combined with the spatial constructs from Chapter 3
to produce a formal representation of movement – the transition unit.
Although superficially similar to previous analyses, in that the transi-
tion unit is a phonological unit capturing properties of movement just
as the autosegment M is used in previous accounts to represent sign
movement (Liddell and Johnson 1989, Perlmutter 1989, Sandler 1989,
Brentari 1990b), this proposal is significant because it lays the ground-
work for moving beyond simply descriptive feature-based representations
for the set of properties associated with sign movements.

In this chapter I demonstrated that a cornerstone of the argument for
movement as a unit, namely that path shapes are phonologically distinc-
tive and, therefore, can be represented by path features, is untenable.
Asymmetries between path movements that cannot be explained when
movement is treated as an atomic phonological construct are explained
by a transition-based analysis.
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The key to this proposal has been to present explicit arguments for
the phonological representation of each component of the sign – namely
the rigid body representation of the hand and the geometric represen-
tation of signing space – and then to apply appropriate principles of
physics to combine those components into a representation that cap-
tures the properties of sign movements. Unlike previous feature-based
proposals which must rely on a proliferation of descriptive terms (e.g.,
“accelerated”, “tense”, “fast”, “slow”) to capture the properties of signs,
the transition-based representation provides basic building blocks (repre-
sentations of time, space, and body) to more accurately represent signs.
Although a complete analysis is beyond the scope of this work, in the
following chapters suggestions are made to indicate that the transition-
based representation will be particularly fruitful when applied to puzzles
of morphologically complex signs such as verbal and adjectival modula-
tions which exploit the relations between body, time, and space available
to the manual articulators.

But the transition unit not only accounts for the properties of move-
ment in sign, it also unifies the three basic types of “movement” – change
in location, change in handshape, and change in orientation. The rigid
body representation of the manual articulators that captures the bend-
ing of a finger in the same way as the bending of the wrist is crucial
to this result. In addition, the references in this chapter to the relation
between bones and joints in this representation points directly towards
an approach to a theory of visual phonetics to complement this repre-
sentation of visual phonology.

In the next chapter I finish laying the groundwork for a formal rep-
resentation of the simple sign by arguing for a phonological unit that
coordinates the simultaneously articulated parts of the sign.
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The Cell

With the transition unit in place to capture the properties of movement,
I turn now to address the representation of the whole sign gesture. I
argue for a construct, the cell, to account for the characteristics of the
maximum and minimum sign gesture. I then show that the cell captures
the properties of a set of complex signs, specifically agreement verbs.
I present an analysis of a set of agreement verbs traditionally referred
to as “backward” agreement verbs, arguing that there is really nothing
backwards about them. A transition-based analysis provides a unified
picture of agreement verbs.

In the process, I extend the coverage of the cell to complex signs, thus
unifying the phonological representation of simple and complex signs.
Morphologically, two levels of representation emerge – (i) a verb root
and (ii) a verb frame that, strikingly unlike spoken language morphemes,
are articulated simultaneously. The verb root provides information that
corresponds to properties of local signing space, forming the inner verbal
morphology, while the verb frame represents the location and agreement
morphemes which correspond to properties of global signing space, form-
ing the outer morphology. Hence, in a result unique to visual phonology,
the work here suggests that “embedded” constructs of signing space bear
a more literal correspondence to what has been treated metaphorically
in spoken language as “embedded” levels of morphological structure.

5.1 Simple Signs

In the previous chapter I focused on simple signs with only one type of
movement. However, simple signs can also be articulated with more than
one movement. For example, the sign in (1) is articulated with both a
change in location and a change in handshape.

The hand starts with the index, ring, and pinky fingers straight. The
thumb and index finger are straight at the middle and end joints but

147
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bent slightly at the knuckles. All the fingers are slightly spread. The palm
of the hand faces the signer and the tips of the fingers point to the side.
The hand starts with both the thumb and middle finger resting lightly
at the center of the chest. To articulate the sign the hand moves away
from the chest for a few inches along a straight path while the thumb
and middle finger move together until their tips touch. Both movements
start at the same time and progress at the same rate so that the tips of
the thumb and middle finger touch just as the movement away from the
chest ends.

(1) like

The well-formed sign in (1) contrasts with gestures like those de-
scribed in (2).

(2) a. ∗(movement away from chest ends before handshape change)

b. ∗(handshape change ends before movement away from chest)

c. ∗(hand changes shape, then moves away from chest)

d. ∗(hand moves away from chest, then changes shape)

The contrast between the data in (1) and (2) is generalized in (3).

(3) In a well-formed sign simultaneous movements start together and
end together, and progress at the same rate.

As argued in the preceding chapter, the transition unit is the appro-
priate phonological construct to capture each of the changes described
for the well-formed sign in (1). Specifically, the fully specified transition
units in (4) capture the change in handshape, (4a), and the change in
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location, (4b), used to articulate the movements in (1). (4a) includes the
joint specifications for each of the handshapes involved in the transition.
(4b) includes the location specification for each level of signing space.
Local signing space is located at the center of the chest. The hand, sit-
uated in the hand prism so that the palm is associated with the front of
the hand prism, moves from the base plane of local signing space which
is in contact with the chest to the opposite plane which is in front of the
chest.

(4) a. Change in Handshape for like:

HS:



+sel : [ TM ]
+base :[
−ext
−flx

]
−base :[

+ext
−flx

]


−sel : [ IRP ]
+base :[

+ext
−flx

]
−base :[

+ext
−flx

]


th : [ +opposed ]



,



+sel : [ TM ]
+base :[
−ext
+flx

]
−base :[

+ext
−flx

]


−sel : [ IRP ]
+base :[

+ext
−flx

]
−base :[

+ext
−flx

]


th : [ +opposed ]




∆

b. Change in Location for like:
LOC [+BaseLSS : Center(Chest)GSS ]

LOC [FrontHP : +BaseLSS ,−BaseLSS ]∆[
LOC [Palmhand : FrontHP ]

]



Simplified representations for the changes in (4) are given in (5).

(5) a. HS : [open-8,closed-8]∆
b. LOCLSS : [FrontHP : +BaseLSS ,−BaseLSS ]∆

The orientation of the hand does not change during the articulation
of the sign, and is captured by the static representation in (6).
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(6) Static Orientation for like:

OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]

OR

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

]
 OR

[
PalmHand : FrontHP

Th-SideHand : TopHP

] 




To combine these representations for handshape, location, and ori-

entation into a full representation of the sign gesture that captures the
generalization in (3), I define the cell, a phonological construct that
organizes the spatial and temporal properties of a sign.

5.1.1 The Cell

As stated in (3), the most significant observation about the sign in (1) is
that the changes used to articulate it are simultaneous and proportional.
To organize the information presented in (4) and (6) to represent the
sign gesture, I define the cell as in (7). The cell coordinates the temporal
and spatial information needed to define the sign gesture, ensuring that
the initial values of the hand and its relations in space are associated
with the start of the gesture and, likewise, that the final values of the
hand and space are associated with the end of the gesture.

(7) (i) A cell consists of a time unit, T, associated with a
set of transition units.

(ii) The time unit, T, represents a duration of time
that starts at time ti and ends at tf .

(iii) The set of transition units represents the spatial
properties of a sign gesture, and consists of the
configuration of the manual articulator and its
spatial relations, location and orientation.

(iv) The temporal and transition units are associated
so that the manual articulator assumes all initial
spatial positions at ti and all final spatial positions
at tf .
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The notation for the cell is given in (8). The nested structure of
the cell reflects the spatial organization of the manual articulators in
signing space. When the structure includes transition units, the outer
left brackets represent the initial time, ti, and the outer right brackets
represent the final time, tf .

(8) Cell Structure:

LOC
[
LSS : GSS

]
OR

[
LSS1 : GSS
LSS2 : GSS

]


LOC
[
HP : LSS

]
OR

[
HP1 : LSS
HP2 : LSS

]

HP


LOC

[
Hand : HP

]
OR

[
Hand1 : HP
Hand2 : HP

]
HS

[ ]

HP


LSS


GSS

Combining the transition units for handshape and location, and the
static information for orientation given above for like, the cellular rep-
resentation of the sign is given in (9).

(9) like:

LOC
[

+BaseLSS : Center(Chest)GSS

]
OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]


LOC
[
FrontHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

]

HP


LOC

[
PalmHand : FrontHP

]
OR

[
PalmHand : FrontHP

Th-SideHand : TopHP

]
HS

[
open-8, closed-8

]
∆






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The spatial and temporal properties of the transition units, marked
by the subscript ∆, are coordinated by the principles in (7). Both tran-
sitions start at ti and end at tf , and the Principle of Proportionality
applies to each of the transition units ensuring that the changes occur
at the same rate. Hence, the combination of the representation for like
in (9) and the propositions that define the cell rule out the ill-formed
gestures described in (2) while accounting for the well-formed proper-
ties of the sign in (1). The cell is crucial to this analysis, therefore it is
adopted into the model.

In addition, two-handed signs of the type referred to by Sandler
(1989) as double dez, and subject to Battison’s (1978) symmetry condi-
tion can also be represented by the cell.1 Because it is beyond the scope
of the current discussion, I adopt the feature [ two-hand ] without
further argument to specify a symmetric two-handed sign.2 When in-
cluded in the cellular representation of a cell, the feature invokes a set of
properties that account for the symmetric properties of the sign, where
by symmetry I mean geometry based properties that hold on the hands
and their relation in signing space. It is in the context of these sym-
metric two-handed signs that the rigid body transformation reflection is
relevant.

5.1.2 Maximum Simple Sign

Logically, the cell structure for the simple sign allows up to three simul-
taneous transition units. In this section I argue that a cell can have at
most two transition units per simple sign.

5.1.2.1 Two Transition Units

The signs in (10) are articulated with two simultaneous changes. (10a)
is articulated with a simultaneous change in handshape and change in
location, (10b) with simultaneous changes in handshape and orientation,
and (10c) with simultaneous changes in orientation and location.

(10a) is described in the previous section. At the start of (10b) the
hand is held in front of the signer with the thumb and all the fingers
held straight and slightly spread. The fingertips point away from the
signer and the palm faces down. To articulate the sign two movements
are made simultaneously: (i) all the joints of the index finger and thumb

1“The Symmetry Condition states that (a) If both hands of a sign move inde-
pendently during its articulation, then (b) both hands must be specified for the
same location, the same handshape, the same movement (whether performed simul-
taneously or in alternation), and the specifications for orientation must be either
symmetrical or identical.” (Battison 1978:33).

2Some notes about the representation of two-handed signs in this model are made
at the end of this chapter, Section 5.3.1.
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bend until their tips touch to form a small circle, and (ii) the hand
bends at the wrist, so that at the end of the gesture the palm of the
hand faces away from the signer. Both movements start at the same
time and progress at the same rate so that the finger and thumb tips
touch at the same time that the hand completes its upward movement.

(10) a. like b. choose c. all

(10c) is articulated with two hands. The fingers of the static hand are
straight and together. The thumb is straight and in a relaxed position
parallel to the palm of the hand. The static hand is held in front of
the signer with the fingertips pointing away from the signer at about
a 45◦ angle with respect to the front of the body and the palm facing
up. The fingers and thumb of the moving hand are held in the same
posture as the static hand. The moving hand starts with the fingertips
pointing away from the signer and at a 90◦ angle with respect to the
static hand. The palm faces down and the hand hovers a few inches
above the static hand. To articulate the sign the hand simultaneously
moves down towards the static hand while rotating so the palm ends
facing upward. Both the downward movement and the rotation start at
the same time, and continue at the same rate, so that the palm is facing
up at the same time that its back comes to rest on the static hand.

The signs in (10) contrast with the physiologically possible gestures
described in (11). In each case the gesture is similar to one of the well-
formed signs but with a third movement added.

(11) a. ∗(articulate like so the palm faces in at the start of the gesture
and down at the end of the articulation)

b. ∗(articulate choose while moving the hand from one location
to another)

c. ∗(articulate all so the hand changes shape between the be-
ginning and end of the sign)
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The difference between the well-formed signs in (10) and the ges-
tures described in (11) is that the former are articulated with only two
simultaneous changes, whereas the latter are articulated with three. This
contrast is generalized in (12).

(12) A well-formed simple sign is articulated with at most two simul-
taneous movements.

The generalization in (12) can be formalized by the proposition in
(13) stated in terms of cell structure.

(13) A well-formed cell consists of at most two transition units.

Notationally, the constraint in (13) can be expressed as in (14).

(14) *
 X : [ ]∆
Y : [ ]∆
Z : [ ]∆


Cell

The cellular representations for the signs in (10) are given in (15).
Note in (15c) that the location relation between local signing space and
global signing space includes a reference to the static hand, abbrevi-
ated as H2. Unfortunately, work on signs articulated with two hands
is beyond the scope of the current discussion. In an elaborated repre-
sentation of a two-handed sign, H2 would refer to a hand prism that
captures the characteristics of the hand as a place of articulation.3 The
specification for H2 would include its handshape, and relevant location
and orientation relations.

(15a) includes transition units for handshape and location, (15b) is
specified for transition units for location and handshape, and (15c) is
specified for transition units for location and orientation. Note that the
transition units are all specified within local signing space. The relation
between local signing space and global signing space is constant dur-
ing the articulation of a simple sign. This contrasts significantly with
the representation of morphologically complex signs (Section 5.2) like
agreement verbs for which the transition units capture changes in the
relation between local and global signing space.

3See Section 5.3.1 for a brief discussion about two-handed signs.
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(15) a. like:

LOC
[

+BaseLSS : Center(Chest)GSS

]
OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]


LOC
[
FrontHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

]

HP


LOC

[
PalmHand : FrontHP

]
OR

[
PalmHand : FrontHP

Th-SideHand : TopHP

]
HS

[
open-8, closed-8

]
∆






b. choose:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+BaseLSS : BottomGSS

+LocalLSS : BackGSS

]


LOC
[
BottomHP : +LocalLSS

]
OR

[
FrontHP : +BaseLSS ,−LocalLSS

TopHP : −LocalLSS ,−BaseLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
open-9, closed-9

]
∆






c. all:

LOC
[

+BaseLSS : H2GSS

]
OR

[
+BaseLSS : BottomGSS

+LocalLSS : BackGSS

]


LOC
[
BackHP : −BaseLSS ,+BaseLSS

]
∆

OR

[
FrontHP : +BaseLSS ,−BaseLSS

TopHP : −LocalLSS ,−LocalLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
b
]






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By (13) the cell structures in (15) are acceptable well-formed signs
because each cell includes only two transition units. In contrast, the
gestures described in (11) are ruled out by (13). Thus the proposition
in (13) provides a correct analysis for the data, so it is adopted into the
model. A similar constraint holds on doubled unit transitions.

5.1.2.2 Doubled Transition Units

The signs in (16) are articulated with repeated changes in either hand-
shape or orientation and a single change in location.

(16) a. fire b. sentence

In (16a) both hands are held a few inches apart in front of the upper
chest. All the fingers and thumbs are straight and slightly spread. The
fingertips point upward and the palms of the hands face the signer’s
chest. To articulate the sign the hands move upward in a straight line
while the fingers wiggle. The fingerwiggling starts when the upward
movement starts and ends when the upward movement stops, after the
hands have moved so they are approximately in front of the signer’s face.
In general, the hands articulate about two cycles of the finger-waving
that is characteristic of fingerwiggling.

In (16b) the thumb and index finger of both hands are curved so
their tips touch while the other fingers are straight. The fingertips of
both hands face away from the signer and the palms of the hands face
the side (so they face each other) in the center of the space in front of
the signer. To articulate the sign the hands move away from each other
along a straight path for a few inches while the hands rotate back and
forth so the palms alternate between facing each other and facing about
a 45◦ angle with respect to the floor. The hands articulate about two
cycles of the rotating movement. The movements start at the same time
and progress at a constant rate so that the end of the second cycle of
rotating coincides with the end of the movement away from the center.
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The movements in both signs in (16) start together and end together.
This contrasts with the physiologically possible but unacceptable ges-
tures described in (17). Similar unacceptable combinations of the two
types of movement can be described for sentence.

(17) a. ∗(fire articulated with wiggling, followed by upward move-
ment)

b. ∗(fire articulated with upward movement, followed by wig-
gling)

c. ∗(fire articulated with wiggling for half of upward movement)

d. ∗(fire articulated with one wiggle, upward movement, then
second wiggle)

Each of the well-formed signs in (16) is articulated with repeated
movement that is distributed proportionally with respect to the single
change in location. In contrast, the movements in the gestures described
in (17) are distributed disproportionately with respect to the overall
gesture. This observation is captured by the generalization in (18).

(18) In a well-formed sign gesture, a repeated movement is distributed
proportionally with respect to a non-repeated movement.

The well-formed signs in (16) also contrast with gestures like those
described in (19).

(19) a. ∗(Repeated change in location articulated simultaneously with
single change in handshape)

b. ∗(Repeated change in location articulated simultaneously with
single change in orientation)

c. ∗(Repeated change in handshape and single change in orien-
tation)

d. ∗(Repeated change in orientation and single change in hand-
shape)

e. ∗(Repeated change in two properties)

The difference between the data in (16) and (19) is that the ill-
formed gestures include either repeated changes in location, (19a) and
(19b), repeated changes in handshape or orientation without a single
change in location, (19c) and (19d), or two repeated changes, (19e). In
short, the only well-formed combination is one that includes a single
change in location. This observation is generalized in (20).
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(20) If a well-formed sign is articulated with a repeated gesture and
a simultaneous non-repeated gesture, then the latter must be a
change in location.

The proposition in (21) captures the generalizations in (20) and (18).

(21) A well-formed cell that includes a doubled transition
unit may include at most a transition unit of location.

Notationally, the constraint in (21) can be expressed as in (22).

(22) Maximum Sign Structure: LOC : [ ]∆
X : [ ]2∆

Y : [ ]


LSS

, where X is OR or HP .

The cellular representations for the signs in (16) are given in (23).4

(23) a. fire:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : BackGSS

+BaseLSS : BottomGSS

]


LOC
[
BottomHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
5, 5

]
2∆







4 Note that the fingerwiggling in (23a) is represented as a repeated change in
handshape between the same handshapes. An argument for this approach is presented
in Uyechi (1993a).
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b. sentence:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+BaseLSS : BottomGSS

+LocalLSS : BackGSS

]


LOC
[
FrontHP : +CenterLSS ,−CenterLSS

]
∆

OR

[
FrontHP : C-SideLSS ,+BaseLSS

TopHP : −LocalLSS ,−LocalLSS

]
2∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
f
]

[ 2-hand ]







The representation in (23) complies with the proposition in (21),
whereas the ill-formed gestures in (17) and (19) do not. Hence the propo-
sition in (21) correctly accounts for the data. The proposition is crucial
to the analysis, so it is adopted into the model.

In sum, the propositions in (13) and (21) define the constraints on
the maximum simple sign. On the other side of the spectrum, there is
also a minimum requirement on the sign gesture.

5.1.3 Minimum Sign Gesture

Recall the proposition from Chapter 2, repeated as (24).

(24) To articulate a sign gesture the manual articulator moves.

The minimum movement of the sign gesture has been characterized
as “epenthetic movement” in representations that do not specify the
movement underlyingly if it is predictable as a straight movement of the
hand from one place to another (e.g., Brentari 1990b). In this section I
present other evidence for such “epenthetic” movement, and formalize
a representation for it as the minimum cell that defines a sign.

The hand configuration in (25) is the handshape used in the manual
alphabet to represent the letter W . It is articulated with the index,
middle, and ring fingers extended and pointing upward while the tips of
the thumb and pinky finger touch in front of the palm of the hand.
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(25) W

In isolation, (25) is articulated with a short straight movement of
the hand away from the body, as if to present the hand and convey the
meaning associated with the handshape.

The movement for (25) contrasts with the alternatives in (26) that
could also be used to present the handshape. (26a) describes a change in
handshape and (26b) describes a change in orientation. However, neither
possibility is used. In fact, (26b) is the gesture used to articulate the
number sign sixteen. Of the possible transitions, change in location is
a neutral movement.

(26) a. ∗(change handshape from closed fist to W )

b. ∗(start W -handshape with palm facing signer, then turn hand
away from signer)

The difference between the gestures in (25) and (26) can be general-
ized as (27).

(27) The default movement of a sign is a straight forward movement.

In light of the proposition in (24), the movement allows the hand-
shapes to be pronounced.5 The proposition in (28) captures the gener-
alization in (27).

(28) The minimum structure of a well-formed gesture is: LOC : [ ]∆
OR : [ ]
HP : [ ]


5This could be viewed as analogous to saying the letters of the alphabet in English,

where the pronounced name of a letter conforms to English syllable structure.
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In sum, the cell is a phonological construct that organizes the transi-
tion units and provides the necessary structure to specify the minimum
and maximum constraints on a sign gesture. As shown in the following
section, it is also relevant to the representation of complex signs.

5.2 Agreement Verbs

In this section I extend the discussion to complex signs to demonstrate
the potential power of the cell and transition unit. As mentioned before,
it is at this level of morphological complexity that the relation between
the local and global signing spaces is crucial.

The focus of this analysis is the set of agreement verbs, a class of
verbs in ASL so called because they include person agreement (Padden
1988). As illustrated by (29), person information in ASL is established
by assigning meaning to specific areas in signing space. First person is
associated with the area around the signer, second person with the area
directly in front of the signer, and third person in other areas of the
signing space.6 For example, if a signer points her index finger at herself
(with all other fingers curled against the palm and the thumb resting on
them), the gesture is interpreted as the first person pronoun, pointing
away but directly in front of herself is second person, and pointing in any
other area is interpreted as a reference to a third person. The identity
of the third person referent is established by first presenting a noun or
name and then pointing to the area in space to be associated with that
referent.

(29) Person Agreement

6Although Meier (1990) argues for a distinction between first and non-first person,
I assume the three-way person distinction.
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The meaning of agreement verbs like the one in (30) are dependent
on these spatial interpretations. In (30) the index finger is straight while
the other fingers are curled against the palm and the thumb rests on top
of them. The tip of the index finger points up. The palm of the hand
faces towards a third person referent and the back of the hand faces the
signer. For convenience, I adopt the terms subject and object to refer to
the signer and the third person referent, respectively.7 To articulate the
sign the hand moves from the signer towards the third person referent
while the middle and end joint of the index finger bend into a curved
position. The movements are coordinated so they start at the same time,
progress at the same rate, and end at the same time. The gesture means
I ask her/him.

(30) 1-ask-3

An acceptable variation of the sign in (30) is to articulate the change
in the handshape without moving the hand towards the object of the
verb. Unacceptable variations of the (30) are described in (31).

(31) a. ∗(movement towards object ends before handshape change)

b. ∗(handshape change ends before movement towards object)

c. ∗(handshape changes, then hand moves towards object)

d. ∗(hand moves towards object, then handshape changes)

The unacceptable variations in (31) are similar to variations that
were excluded for morphologically simple signs by adopting the cell.

7Padden (1988) presents arguments for these grammatical functions. However, as
argued here for phonology, sign language grammar also needs to be analyzed in a
similar non-transfer-and-test fashion before grammatical functions like subject and
object can be adopted into a theoretical framework for sign language syntax.
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Representing the agreement verb in (30) as a cellular structure provides
the same result.

The cellular representation for 1-ask-3 is given in (32). As noted
before, the transition units for the monomorphemic signs described in
the previous section impact only the characteristics of the sign within
local signing space. In contrast, the transition unit for the agreement
verb affects the relation between local and global signing space where
the relevant locations in global signing space are represented here as
1-per and 3-per.

(32) 1-ask-3:

LOC
[

+BaseLSS : 1-perGSS , 3-perGSS

]
∆

OR

[
+LocalLSS : 1-perGSS

−LocalLSS : 3-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipHand : TopHP

]
HS

[
1, x

]
∆







5.2.1 Morpho-Phonology of Agreement Verbs

An alternative pronunciation of 1-ask-3 is articulated without the for-
ward movement of the hand. The representation for that variation is
given in (33a). It is the same as the representation in (32) but without
the transition unit for location. That (32) and (33a) have the same mean-
ing indicates that the crucial information for interpreting the sign must
be available in the sparser of the two representations, namely (33a). Note
that the orientation relation between local and global signing space pro-
vides redundant information, capturing a specific relation between the
palm side of the hand facing the third person referent and the back of
the hand facing the first person. Changing the orientation relation, as
in (33b), has the effect of changing the meaning of the gesture to he/she
asks me.
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(33) a. 1-ask-3:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 1-perGSS

−LocalLSS : 3-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipHand : TopHP

]
HS

[
1, x

]
∆






b. 3-ask-1

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 3-perGSS

−LocalLSS : 1-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipHand : TopHP

]
HS

[
1, x

]
∆






Thus, by comparing the alternations in (32) and (33), the orientation

relation between local and global signing space emerges as the property
of the gesture that determines person agreement. The proposition in
(34) generalizes this observation.

(34) The front of the hand faces towards the object of the verb and
the back of the hand faces the subject.

The generalization in (34) is stated in formal terms as (35) where
the “front” face is to be interpreted as the -local face of local signing
space because it is floating in the neutral part of signing space (Section
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3.4.2.2). Similarly, the “back” face is to be interpreted as the +local
face of local signing space.

(35) The “front” face of local signing space faces in the direction
of the subject of the verb situated in global signing space;
the “back” face of local signing space faces towards the
object of the verb situated in global signing space.

And just as all the properties of the simple sign are concentrated
in local signing space, so too, the core properties the complex sign are
contained in the characteristics of local signing space. Specifically, the
part of the representation that is constant over the alternations of the
sign in (32) and (33) is factored out in (36).

(36) Core of ask:

LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipHand : TopHP

]
HS

[
1, x

]
∆




The core part of the sign is, in fact, simply the representation of the

hand prism in local signing space. So the root of the verb is captured by
the properties of the local signing space and the agreement morphology
by the relations between the local and global signing spaces.

The relation between these parts is schematized in (37). I refer to
the core part of the sign gesture as the root and the agreement part as
the frame. The former corresponds to the information within local sign-
ing space, and the latter corresponds to the information within global
signing space. (37) also shows that, strikingly unlike spoken language
phonology, the root and agreement morphology of a verb are co-temporal
within a unit of phonology – the cell.
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(37) Morphology and Phonology of a Complex Sign

FRAME

ROOT


Cell

The propositions in (38) formalize the relations in (37).

(38) Morphology and Phonology of an Agreement Verb

(i) A root and frame combine to represent an agree-
ment verb, where the root represents the morpho-
logical core of the verb, and the frame represents its
agreement morphology.

(ii) The phonological properties of the verb root are de-
fined by the properties of local signing space.

(iii) The phonological properties of the frame are de-
fined by the relations between local signing space
and global signing space.

(iv) The verb root and frame are co-extensive in a cell.

Thus the phonological structure of the complex sign is the same as
the phonological structure of the simple sign – both are represented by
the cell. But whereas the simple sign is characterized by default orien-
tation relations between local and global signing space (Section 3.4.2.2),
the morphology of the complex sign demands specific meaningful rela-
tions between the two spatial constructs. The set of “backward” verbs,
described in the next section, further illustrate this modality-specific
relation between the morphology and phonology of agreement verbs.
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5.2.2 Backward Verbs

In previous analyses, the verbs in (39) present an interesting puzzle
(Padden 1988, Lillo-Martin 1991, Brentari 1988). The observation for
the majority of agreement verbs is that the movement of the hands is
away from the subject of the verb and towards the object of the verb,
as in (39a). In contrast, verbs like (39b) are described as exhibiting the
opposite behavior, or moving “backwards” because the hands move away
from the object of the verb and towards the subject. As will be shown,
however, these generalizations have been influenced by the word order
of their English counterparts.

(39) a. 1-loan-to-2 b. 1-borrow-from-2

For both signs the hands are held in similar positions. The index
and middle fingers of both hands are straight while the other fingers are
curled against the palm with the thumb resting on them. The fingertips
point away from the signer and the palms face the sides. The hands are
stacked one on top of the other as they are held in front of the signer
with the pinky-side of one hand resting on top of the index-side of the
other.

For (39a), the extended fingers are lined up between the signer (first
person) and the addressee (second person). At the start of the sign the
fingertips point at an upward angle. To articulate the sign the hands ro-
tate forward so that at the end of the gesture the fingertips point toward
the addressee. The sign means I loan to you. The sign can be articulated
with only the rotating motion of the hands described here or the rotat-
ing motion can be accompanied with a slight forward movement of the
hands so they move away from the signer and toward the addressee.

Similarly for (39b), the extended fingers line up between the signer
and the addressee. At the start of the sign the fingers point away from
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the signer in the direction of the addressee. To articulate the sign the
hands rotate backwards so that at the end of the gesture the fingertips
point at an upward angle. The sign means I borrow from you. This sign,
too, can be articulated with only the rotating motion of the hands, or
may be accompanied with a movement of the hands in which they move
away from the addressee and toward the signer.

Given that English word order is SVO, (40a), the optional movement
of the hands in (39a) seems to be along a forward moving direction,
(40b), because the hands move away from the first argument, subject
(S), and towards the second argument, object (O). In comparison, the
optional movement of the hands in (39b) seems to be along a back-
ward trajectory, (40c), because the hands move away from the second
argument, object (O), towards the first argument, subject (S).

(40) a. English word order: subj verb obj

b. Trajectory of (39a): −→
“forward”

c. Trajectory of (39b): ←−
“backward”

The majority of agreement verbs are articulated with the forward
seeming movement from subject towards object. Only a small number
of verbs fall into the latter, “backward”, category.8

The representations for the signs in (39) (without the optional move-
ments) are given in (41) and (42). Combining these representations with
the propositions in (35) and (38) illustrates that the assignment of sub-
ject and object is consistent for both verbs. Just as for the agreement
verb ask the back of local signing space (+local) in (41) and (42) faces
the subject and the front of local signing space (-local) faces the ob-
ject. The crucial difference between the signs is in the structure of their
roots. They differ only by the order of the orientation relations in the
transition unit. In (41) the hands start with the fingertips pointing in an
upward direction and end by pointing at the addressee. In contrast, for
(42) the hands start with the fingertips pointing towards the addressee
and end by pointing in an upward direction.

8Other verbs in this category are: borrow, copy, extract, invite/hire, mooch,
steal, take, summon, take-turn-after, take-advantage-of, request.
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(41) 1-loan-to-2:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 1-perGSS

−LocalLSS : 2-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −BaseLSS ,−LocalLSS

TopHP : +LocalLSS ,−BaseLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
F-tipsHand : FrontHP

Th-sideHand : TopHP

]
HS

[
2
]

[ two-hand ]






(42) 1-borrow-from-2:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 1-perGSS

−LocalLSS : 2-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS ,−BaseLSS

TopHP : −BaseLSS ,+LocalLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
F-tipsHand : FrontHP

Th-sideHand : TopHP

]
HS

[
2
]

[ two-hand ]






Hence, the hands appear to be oriented so that the fingertips point

towards the participants at the beginning and ending of the sign. Al-
though the fingertips clearly point in the direction of the addressee, the
upward turn of the fingers must be interpreted as pointing towards the
signer because of the physical constraints of the articulators. With that
interpretation in mind, the difference between the orientations of the
hand reveal an interesting pattern with respect to the semantics of the
verb. Stated in terms of thematic roles, the initial posture of the hand
associates with the source of the verb, and the final posture with the
goal of the verb.
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The grammatical and semantic relations of the verbs are schematized
in (43). In this morpho-phonological interpretation of the verbs, the
orientation relation between local and global signing space in the verb
frame is related to grammatical function. The order of the transition
unit in the verb root is related to the thematic roles of the verb.

(43) Interpreting Agreement Verbs

OR:

[
“Front of LSS”
“Back of LSS”

]

[ “First”, “Second” ]∆

Root

Frame



subject�

object�

Cell

source

6

goal

6

The schematic in (43) has at least two implications for the morpho-
phonology of agreement verbs. First, it implies that the root of an agree-
ment verb has at most one transition unit. This is still subject to em-
pirical confirmation. Second, it implies that the associations of thematic
roles with points in signing space are specified as relations in local signing
space. Yet because specific referents are assigned at the level of global or
discourse signing space, the mechanism that mediates between that in-
formation bears further investigation. In addition, there is evidence that
other verb types in ASL, e.g., a spatial verb like move-from-a-to-b)
which makes different use of space, are consistent with the morpho-
phonological organization in (43) (Uyechi 1994).

To illustrate that the interpretation in (43) captures the full
paradigm of the loan/borrow verbs, the relation between local and
global signing space is reversed in (44) and (45). According to the
schematic in (43), because the verbs in 2-loan-to-1 you loan to me
and 1-loan-to-2 I loan to you have the same meaning, the verb roots
should be the same. The only difference between them are the gram-
matical functions associated with the first and second person. This is
reflected by the modified orientation relation in (44), as compared to
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(41). This is the correct pronunciation of the sign. To articulate the sign
the top of the hands face the addressee while the fingertips point up,
then the hands rotate so the fingertips point towards the signer.

(44) 2-loan-to-1:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 2-perGSS

−LocalLSS : 1-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −BaseLSS ,−LocalLSS

TopHP : +LocalLSS ,−BaseLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
F-tipsHand : FrontHP

Th-sideHand : TopHP

]
HS

[
2
]

[ two-hand ]






Similarly, 1-borrow-from-2 I borrow from you and 2-borrow-

from-1 you borrow from me have the same verb and should also have
the same verb root. The verbs differ only by the change in agreement
morphology reflected in (45) that, when compared to the representation
in (42), differs only in the orientation relation between local and global
signing space. This represents the correct pronunciation of the sign. At
the start of the sign the back of the hands face the addressee and the fin-
gertips point towards the signer. To articulate the sign the hands rotate
so the fingertips point up and the top of the hands face the addressee.

(45) 2-borrow-from-1:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : 2-perGSS

−LocalLSS : 1-perGSS

]


LOC
[
BottomHP : +BaseLSS

]
OR

[
FrontHP : −LocalLSS ,−BaseLSS

TopHP : −BaseLSS ,+LocalLSS

]
∆

HP


LOC

[
BaseHand : BottomHP

]
OR

[
F-tipsHand : FrontHP

Th-sideHand : TopHP

]
HS

[
2
]

[ two-hand ]






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Therefore, (43) unifies the interpretation of loan and borrow. From
this perspective there is nothing at all backwards about any of the agree-
ment verbs in ASL.

5.3 Transition Unit and Cell

To summarize, the transition unit and cell emerge as the organizing
constructs of visual phonology. The transition unit represents a unit
of movement of the sign gesture, capturing a change in handshape, a
change in location, or a change in orientation, or, in its degenerate form,
capturing a constant value of a relation over time. The cell represents
the sign gesture, ensuring that all of the parts of the manual articulators
are represented by organizing a set of co-articulated transition units.
Propositions based on cell structure ensure that the sign gesture meets
minimum and maximum properties. Both the transition unit and cell
ensure that basic relations between time and space for sign gestures are
coordinated appropriately.

In this chapter I have presented a brief introduction to the relation
between these phonological units and the morphology of signs. The sur-
prising result is that morphological units are co-temporal. This crucial
distinction from the sequential ordering of morphological units in spo-
ken language provides evidence that, just as for phonology, a theory of
universal morphology will rely on the input from two distinct theoretical
frameworks: (i) visual morphology, and (ii) spoken language morphology.
Hence, the theoretical implications of the study of sign language reaches
beyond the parts of the grammar that have been deemed likely to be
affected by distinct language mode. So the theoretical framework for
visual phonology laid out in these chapters provides a set of constructs
and propositions not only for exploring the phonology of other sign lan-
guages and other parts of ASL, but also for examining the interface
between phonology and the other modules of sign language grammar.

5.3.1 A Note on Two-Handed Signs

In presenting the foundation for a transition-based model of visual
phonology I have focused on signs that are articulated with only one
hand, yet a large number of signs are articulated with both hands. Ear-
lier in this chapter I included without argument the feature [two-hand]
in the representations for loan-to and borrow-from. Although the
feature was associated with the hand prism, it is not clear whether that
accurately reflects the properties of two-handed signs. That is one of the
challenges that remains for the transition-based model.

But before pursuing work on these signs, it is necessary to clarify the
meaning of the term “two-handed sign”. In his groundbreaking work
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Battison (1978) uses the term to refer to signs articulated with both
hands. Based on the Symmetry and Dominance Conditions, (46), he
proposes a typology of two-handed signs.

(46) a. Symmetry Condition (Battison 1978:35)
(a) If both hands of a sign move independently during its ar-
ticulation, then (b) both hands must be specified for the same
location, the same handshape, the same movement (whether
performed simultaneously or in alternation), and the specifi-
cation for orientation must be either symmetrical or identical.

b. Dominance Condition (Battison 1978:35)
(a) If the hands of a two-handed sign do not share the same
specification for handshape (i.e., they are different) then (b)
one hand must be passive while the active hand articulates
the movement, and (c) the specification of the passive hand
is restricted to be one of a small set: a, s, b, 5, g, c, o.9

The Battison typology, (47), classifies all signs articulated with two
hands. Signs that meet the Symmetry Condition are Type 1 signs, signs
that meet the Dominance Condition are Type 3 signs, and signs that
meet neither condition are Type 2 signs.

(47) Battison’s Typology of Two-Handed Signs

Type 1 Both hands active; same handshape, location, and move-
ment.

Type 2 One hand passive; same handshape.
Type 3 One hand passive (restricted set of handshapes); differ-

ent handshapes.

At the center of Battison’s characterization of two-handed signs is
the intuition that symmetry plays a crucial role when the manual ar-
ticulators work together. Yet symmetry for Battison and others (San-
dler 1993a, Brentari and Goldsmith 1993, Brentari 1995) is used only
in its descriptive sense – without tapping its richer formal interpreta-
tion (Stewart and Golubitsky 1992). In fact, the geometric foundation of
the transition-based model provides a potentially productive perspective
from which to revisit the analysis of two-handed signs.

9a, s, b, 5, g, c, o are names for handshapes found in ASL.
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The representation of signing space in terms of rectangular prisms
and their corresponding spatial axes provide the constructs for pursuing
a formal analysis of symmetry in signs. For example, in an analysis that
takes “two-handed sign” to refer to signs that are underlyingly, or phono-
logically, two-handed, Toole and Uyechi (1996) use the transition-based
model to argue for a constraint on hand orientation in two-handed signs
which clarifies ambiguities in Battison’s Symmetry Condition about ori-
entation and reduces it to an empirically verifiable proposition: In a
two-handed sign, corresponding axes must be parallel. The correspond-
ing axes are the x, y, and z-axes of the hand prisms that represent the
hands. That the corresponding axes of the hands are aligned reflects a
formal interpretation of symmetry as sameness within a system. The
analysis also reveals that the set of possible hand orientations in phono-
logical two-handed signs is a mathematically closed set derived from
a single rotational transformation. Both of these results provide formal
links between the abstract properties of sign language and other systems
in nature.

This interpretation of and approach to the analysis of two-handed
signs is, therefore, extremely promising. Hence, determining the place of
the feature [ two-hand ] in the transition-based representation of signs
presents an interesting puzzle, but re-examining the symmetric proper-
ties of two-handed signs within a formally well-suited model promises to
be the more exciting area for future work.



6

Segment and Syllable

In this chapter I examine three analyses of ASL that adopt the transfer-
and-test model of phonology described in the first chapter (Liddell and
Johnson 1989, Sandler 1989, Perlmutter 1992). Each of these analyses
are developed under the assumption that the phonological framework
based on spoken language phonology can be applied to sign language
data, and that phonological theory can be stated in terms of a sin-
gle theoretical framework. Indeed, the philosophy behind this approach
is essentially correct: if it is possible to apply existing constructs and
propositions to explain some new phenomenon, then the cost to the
existing theory is minimal and the result may be that seemingly dis-
parate phenomena are unified. However, a central message that emerges
in this chapter is that the constructs and principles from spoken lan-
guage phonology, as they are currently formulated, are not adequate to
account for the properties of signs.

To highlight this problem, I present a critical examination of three
proposals that are related by their focus on the phonological represen-
tation of the sign, and by the claim that the consonant and vowel have
analogs in sign language phonology: (i) the moraic model (Perlmutter
1992), (ii) the movement-hold (MH) model (Liddell and Johnson 1989),
and (iii) the hand tier (HT) model (Sandler 1989).

Liddell and Johnson (1989) were the first to adopt an autosegmental
representation of signs and define contrasting timing segments, move-
ment (M) and hold (H), as in (1). They were motivated by Liddell (1984)
which demonstrated that signs have sequential properties that must be
accounted for. The notion of “segmenting” signs based on contrasts be-
tween periods of transition and steady state followed.

175



176 / The Geometry of Visual Phonology

(1) a. A movement is defined as a period of time during which some
aspect of the articulation is in transition. (1986:447)

b. A hold is defined as a period of time during which all aspects
of the articulation are in a steady state. (1986:448)

Sandler (1989) follows the Movement-Hold model by adopting an au-
tosegmental representation of signs, but differs by arguing for a location
(L) segment to replace the H-segment and adopting a feature geometry
organization of the features in a Hand Tier model of signs. Perlmutter
(1992) sidesteps the issue of the non-movement segment and takes a
neutral stance at the level of the segment, proposing that feature bun-
dles that define positions (P) contrast with feature bundles that define
movement (M) in a Moraic model of signs. Although all three mod-
els are based on the assumption that sign language phonology can and
should draw on the constructs and principles of spoken language phonol-
ogy, Perlmutter is the first to draw substantive claims from the parallel.
Whereas the Movement-Hold and Hand Tier Models focus on develop-
ing descriptive adequacy for signs, the claim of the Moraic model is that
the distributional properties of signs can be accounted for by general
principles of organization of the spoken language syllable.

In each case, however, finding a consistent parallel between spo-
ken and sign language phonologies is problematic. Naturally, modality-
specific properties of the theoretical framework, such as mode-specific
distinctive features like coronal and nasal must be replaced with sign
specific properties like selected fingers and opposed thumb, but even
modality-neutral definitions of constructs such as the segment and syl-
lable can not be transferred straightforwardly.

In spite of the problems with a claim that spoken language seg-
ments have analogs in sign language phonology, taking the proposal to
its logical extremes provides a perspective of phonology that must be
considered carefully before adopting the approach to visual phonology
advocated here. I start by addressing Perlmutter’s claims and noting
its dependency on a mode-specific interpretation of sonority in sign lan-
guage. Whereas the proposal has the potential to lead to a unified theo-
retical framework for spoken and sign language phonologies, it is heavily
dependent on movement as a phonological construct – a property that,
from the perspective of the framework presented here, is problematic.

I then discuss the Movement Hold and Hand Tier models. I present
an analysis for the combination of two signs into one lexicalized sign
(called compounding by the authors, but referred to as blending here).
For both models I propose a modification to the timing unit of the
segment that simplifies the representation by reducing the contrasting
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segments in each model to a single non-contrasting segment and resolves
other problems with the analyses.

6.1 Consonants, Vowels, and Syllables

Perlmutter (1992) focuses on the properties of the prosodic structure
of the sign, namely the syllable and mora, and argues that sonority
plays a role in the organization of the sign syllable. The work begins
with the premise that signs are represented by two types of feature
complexes, movements (M) and positions (P), and that they are parallel
to consonants and vowels, likening M’s (movements) to V’s (vowels) and
P’s (positions) to C’s (consonants). It then draws on general principles
of spoken language phonology that capture the relation of consonants
and vowels in syllables to explain the distribution of properties on their
sign language analogs, Ms and Ps.

In this section I focus on that interpretation of consonants and vowels
in the Moraic model. A sonority hierarchy in which M is more sonorous
than P is shown to be crucial to the Moraic model. Given that pro-
posals for sonority hierarchies rely on the phonological representation of
movement in signs (Corina 1990, Perlmutter 1992, Blevins 1993, Sandler
1993c, Brentari 1993), this poses serious problems for the theoretical
framework set forth in this thesis in which movement is not an inde-
pendent phonological construct. However, I defend the transition-based
model of visual phonology by showing that the transition unit and cell
present a simpler representation of the data described here.

6.1.1 The Data

Perlmutter (1992) poses two related puzzles: (i) the distribution of sec-
ondary movement, i.e., repeated movement, and (ii) the distribution
of handshape change. In this section I describe the data involved and
present the transition-based representation of the signs.

6.1.1.1 Secondary Movement

The data that illustrates the first puzzle is shown in (2). Detailed de-
scriptions of the gestures follow the illustrations. The signs in (2) are
both articulated with a movement of the fingers referred to as fingerwig-
gling. Fingerwiggling is regarded as an example of repeated movements
referred to as secondary movement and is, along with a type of movement
called circling, special because it does not appear to be analyzable as
repeated changes in hand posture or palm orientation (Liddell 1990b).1

Hence, Perlmutter bases his arguments regarding secondary movement
on data articulated with fingerwiggling.

1Uyechi (1993) provides an argument that fingerwiggling is a change in handshape.
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Fingerwiggling is produced by a wave-like motion of the fingers. At
the start of the movement all of the fingers are straight and spread
slightly apart. The wave starts with the pinky bending forward slightly
at the knuckle joint. The ring finger follows, then the middle finger,
and finally the index finger; each one bending slightly at the knuckle
joint. As soon as the pinky finger has bent forward (even while the ring
finger is starting its first movement), it moves back to its original upright
position. The ring finger, then the middle finger, and finally the index
finger follow suit. The total effect is a wavelike movement of the fingers
that starts with the pinky. In signs like those in (2), fingerwiggling is
usually articulated with two or three cycles of these “finger waves”.

(2) a. go-up-in-flames b. germany

In (2a) both hands are held a few inches apart in front of the signer’s
upper chest. The fingers and thumbs are straight and slightly spread
while the fingertips point upward and the palms of the hands face the
signer’s chest. To articulate the sign the hands move upward in a straight
line while the fingers wiggle. The fingerwiggling starts when the upward
movement starts and ends when the upward movement stops. The hands
move about a foot while articulating two cycles of fingerwiggling, stop-
ping just below the signer’s face.

In (2b) both hands are held a few inches in front of the signer’s upper
chest. The fingers of both hands are straight and spread slightly while
the thumbs are extended and held parallel to the palms but at right
angles to the fingers. The hands are held so the fingertips face away
from the signer. The palms are turned sideways and face each other.
Because it is physiologically more comfortable, the hands are held at
right angles to each other so the palms assume about a 45◦ angle with
respect to a plane of bilateral symmetry perpendicular to the signer.
One hand is held on top of the other so that the pinky side of the top
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hand rests on the side of the index finger of the other hand and so the
thumb of the lower hand rests against the palm of the upper hand. The
hands are held in this position for the duration of the sign. The sign
is articulated by wiggling the fingers. About two cycles of finger waves
constitute a single pronunciation of the gesture.

The sign in (2a) is articulated with two simultaneously articulated
movements: (i) movement of the whole hand from one position to an-
other, and (ii) movement of the hand itself in the form of fingerwig-
gling. Whereas simultaneous combinations of the movements are pos-
sible, Perlmutter observes that physiologically possible combinations
of those movements, such as those described in (3), do not occur in
monomorphemic signs.

(3) a. ∗(Fingers wiggle while hands held in one place, then hands
move from one place to another without fingerwiggling)

b. ∗(Hand moves from one place to another without fingerwig-
gling, then stays in one position while fingers wiggle)

In theory internal terms, Perlmutter notes that well-formed lexical signs
are articulated with some movement of the hand.

A P-syllable is well formed if the P has secondary movement, if there
is a handshape change on the associated handshape tier, or if there is
an orientation change. (Perlmutter 1992:434)

This property of signs is captured by the proposition in (4).

(4) To articulate a sign, the hands must move.

Both the well-formed signs in (2) and the unacceptable gestures in (3)
are consistent with (4), so something more must be added to narrow the
field of potential signs. The generalizations in (5) capture the properties
that differentiate between the data in (2) and (3).

(5) a. To articulate a sign, the hands may:

(i) stay in one position, or
(ii) move from one position to another.

b. Fingerwiggling (secondary movement) may be articulated
while the hand stays in one position.

c. Fingerwiggling (secondary movement) may be articulated as
the hand moves from one position to another.
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6.1.1.2 Handshape Change

The second puzzle presented in Perlmutter (1992) is the distribution of
handshape change. For example, the signs in (6) are articulated with
a change in hand posture in which the fingers and thumb of the hand
change from one configuration to another. The change in hand posture
in (6a) is articulated at the same time that the hand moves from one
place to another. (6b) is articulated with only a change in hand posture.

(6) a. old b. understand

In (6a) the hand is held just in front of the chin with the fingers and
thumb slightly spread in a hooked position so that only the top two joints
are bent. The fingers are perpendicular to the signer’s body and the palm
faces to the side. To articulate the sign the hand moves downward along a
straight path for a few inches while the fingers and thumb close together
to form a fist. The movement of the hand along the path starts at the
same time that the change in hand posture starts. The change in hand
posture is articulated at the same rate as the downward movement so
that at the same time that the hand completes its downward movement,
the change in hand posture is complete so that the hand is closed into
a fist.

In (6b) the fingers and thumb are tucked into a fist and the hand
is held near the side of the forehead with the palm facing towards the
signer. To articulate the sign the index finger is extended while the hand
stays in the same place, and the fingers and thumb maintain their initial
position.

The signs in (6) contrast with the gestures described in (7).

(7) a. ∗(Change hand posture in one place, then move the hands
from one position to another)

b. ∗(Move move from one position to another, then changehand
posture while in one position)
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The generalization in (8) captures the difference between the well-
formed signs in (6) and the ill-formed gestures described in (7).

(8) a. A change in hand posture may be articulated while the hand
stays in one position.

b. A change in hand posture may be articulated as the hand
moves from one position to another.

The generalization in (8) is similar to (5b) and (5c). Both are cap-
tured by the proposition in (9).

(9) All changes of hand posture and hand position that take place
during the articulation of a sign start at the same time, ti, and
end at the same time, tf .

6.1.2 A Transition-Based Representation

From the perspective of the transition unit and cell, the properties of
the data noted in (5), (8), and (9) follow straightforwardly from the rep-
resentation of the signs. The representations for the signs with repeated
movement are given in (10). The properties of the transition unit and
cell, along with the principle of proportionality, account for the timing
of the gestures. No other propositions are needed.2

(10) a. go-up-in-flames:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : BackGSS

+BaseLSS : BottomGSS

]


LOC
[
BottomHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
5, 5

]
2∆






2Note that for ease of representation handshape is represented by name. In each

case, the named handshape can be decomposed into a detailed representation cap-
turing the complete joint, finger, and thumb configuration.



182 / The Geometry of Visual Phonology

b. germany:

LOC
[

+BaseLSS : NeutralGSS

]
OR

[
+LocalLSS : BackGSS

+BaseLSS : BottomGSS

]


LOC
[
BottomHP : +BaseLSS ,−BaseLSS

]
∆

OR

[
FrontHP : +LocalLSS

TopHP : −BaseLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
5, 5

]
2∆







The representations for the signs with handshape change are given
in (11). Just as for the signs in (10), the properties of the transition unit
and cell account for the properties of the well-formed signs and exclude
the ill-formed gestures described in (7).

(11) a. old:

LOC
[

+LocalLSS : Bottom-of-ChinGSS

]
OR

[
+LocalLSS : TopGSS

+BaseLSS : BottomGSS

]


LOC
[
TopHP : +LocalLSS ,−LocalLSS

]
∆

OR

[
TopHP : +LocalLSS

FrontHP : C-SideLSS

]

HP


LOC

[
P-SideHand : BottomHP

]
OR

[
Th-SideHand : TopHP

F-tipsHand : FrontHP

]
HS

[
c, s

]
∆






b. understand:

LOC
[

+BaseLSS : Side-of-foreheadGSS

]
OR

[
+BaseLSS : BackGSS

+LocalLSS : TopGSS

]


LOC
[
BottomHP : −LocalLSS

]
OR

[
FrontHP : +BaseLSS

TopHP : +LocalLSS

]

HP


LOC

[
BaseHand : BottomHP

]
OR

[
PalmHand : FrontHP

F-tipsHand : TopHP

]
HS

[
s, 1

]
2∆






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So the properties of the data follow straightforwardly from the
transition-based representation developed here, presenting an alterna-
tive to the approach described in the next section.

6.1.3 Consonants, Vowels, Syllables, and Sonority

To account for the distribution of secondary movement and handshape
change, Perlmutter (1992) presents an analysis that imports the conso-
nant, vowel, segment, mora, syllable, and sonority from spoken language
phonology. Movement (M) and position (P) are defined as feature clus-
ters, neutral with respect to specific representations of the segment but
that parallel, respectively, the vowel and consonant. M is associated with
a segment that represents a period of time that the hands move from one
position to another and P is associated with a segment that represents
a period of time that the hands stay in one position.

Combinations of M’s and P’s that are relevant to the discussion in
Perlmutter (1992) are given in (12). (12b) and (12e) are representations
of the signs in (2), where [wiggle] represents the fingerwiggling that
occurs during that period of the sign. (12c) is the representation for
the sign dream, described in Chapter 1. No specific examples of data
with the properties of (12a) or (12d) are given, although pleasant,
fingerspell, long-ago (1992:412) are candidates for (12a).

(12) a. [secondary]M
b. germany: [wiggle]P
c. dream: [ ]P [bending]M [ ]P
d. [ ]P [secondary]M
e. go-up-in-flames: [wiggle]M [ ]P

The patterns in (12) generalize to (13), where OK means that sec-
ondary movement can occur during a segment and an asterisk, ∗ , in-
dicates that secondary movement cannot occur during a segment. The
same structures capture the distribution of handshape change, revealing
that secondary movement or handshape change can always occur dur-
ing an M, but can occur during a P segment only in case the P is not
preceded or followed by an M segment.

(13) a. [OK]M
b. [OK]P
c. [∗]P [OK]M [∗]P
d. [∗]P [OK]M
e. [OK]M [∗]P
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To account for this distribution of secondary movement and hand-
shape change in the data, Perlmutter adopts the general principles of
organization from spoken language to apply in the sign domain. To that
end, the segments from spoken language are mapped onto the proposed
constructs for sign language, Ms and Ps. Then principles of organiza-
tion that apply to spoken language segments are used to account for the
phenomena in the new domain.

Starting with the observation that “if, instead of Ms and Ps, we had
vowels and consonants, as in oral languages” (1992:417), the represen-
tations in (13) are translated into the structures in (14).

(14) a. [OK]V

b. [OK]C

c. [∗]C [OK]V [∗]C
d. [∗]C [OK]V

e. [OK]V [∗]C

The general principles (1992:417) to account for the distribution of
the data are repeated in (15) and (16). (15a) and (15b) parallel (16a)
and (16b). (16c) accounts for the distribution of secondary movement
and handshape change, and (16d) states the sonority relation between
Ms and Ps.

(15) a. A vowel is always a syllable nucleus.

b. A consonant can be the nucleus of a syllable only if it is not
adjacent to a vowel.

(16) a. An M is always a syllable nucleus.

b. A P can be the nucleus of a syllable only if it is not adjacent
to an M.

c. Secondary movement features (and handshape change) can
occur only on the nucleus of a syllable. (1992:417, 423)

d. In sign language, M’s are more sonorous than P’s. (1992:418)

Given (16d), this proposal relies crucially on a dominance relation be-
tween M’s and P’s in order to account for the distribution of secondary
movement and handshape change. In the current analysis, for lack of
other major distinguishing characteristics between them, the dominance
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relation between the segments is linked to the contrast between move-
ment of the hand from one place to another (M), and the hand maintain-
ing the same placement (P).3 Hence, in labeling M’s as more sonorous
than P’s, movement of the whole hand is implicitly identified as the
property of the sign contributing to sonority.

Yet because sonority, as applied in spoken language phonology, is
mode dependent and subject to various interpretations, introducing it
at this point in the analysis seems to add unnecessary complexity to the
model. This raises the question as to whether one of the other possi-
ble interpretations that consonant and vowel have in spoken language
phonology may be used to account for the sign language data, thereby
sidestepping the need to appeal to sonority. In the next section I review
those alternatives.

6.1.3.1 Alternatives to Sonority

The parallels drawn between (15a,b) and (16a,b) depend on the relations
between spoken language and sign language segments given in (17).

(17) Spoken Language Sign Language
a. “vowel” : M-segment
b. “consonant” : P-segment

The alternatives to a sonority-based interpretation of consonants and
vowels for interpreting the propositions in (16) are given in (18). (18a)
are descriptive terms. The letters in (18b) represent timing segments
that refer to structural positions in the syllable: C means non-syllabic
and V means syllabic. The terms in (18c) are distinctive feature values
from SPE (Chomsky and Halle 1968).

(18) “consonant” “vowel”
a. consonant vowel
b. C V
c. [ + consonantal ] [ − consonantal ]

Given these alternatives, the structurally-based terms in (18b) and
the feature values in (18c) can be combined to yield the four logical
possibilities in (19). These relate to the descriptive terms as shown: the
combination in (19a) is a vowel, and the combinations in (19b-d) are
consonants.

3 Although as the analysis of sign languages progresses beyond the domain of
ASL, other properties associated with a dominance relation may emerge.
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(19) a. [ − cons ] and V : vowel
b. [ − cons ] and C : consonant
c. [ + cons ] and V : consonant
d. [ + cons ] and C : consonant

The example in (20) illustrates the relations in (19). The first segment
is an example of the combination in (19b). It is in the onset of a syllable,
so it is non-nuclear and is a C. It falls in the natural class of [−cons]
and is labeled descriptively as a consonant. The second segment is an
example of the combination in (19a). It is in the nucleus of the syllable,
so it is a V. It falls in the natural class of [−cons] and is, in descriptive
terms, a vowel. The third segment is an example of the combination in
(19d). It is in the onset of a syllable, so it is non-nuclear and C. It is in
the natural class of [+cons], and is referred to as a consonant. The final
segment is an example of the combination in (19c). It is in the nucleus
of the syllable, so it is a V. It is in the natural class of [+cons] and is
descriptively classified as a consonant.

(20) whistle

σ σ

C V C V
[−cons] [−cons] [+cons] [+cons]

w i s l

Each of the interpretations of “consonant” and “vowel” in (18) can
now be applied to interpret the propositions in (15). Starting with propo-
sition (15a), A vowel is always a syllable nucleus, it cannot refer to the
descriptive interpretation in (18a) because that results in a tautology.
From (19a), a vowel is an element with the feature [−cons] in the syllable
nucleus, so (15a) would read: “A [−cons] element in the syllable nucleus
is always a syllable nucleus.”

(15a) can also not refer to V, as in (18b), because to say that a V must
always be a syllable nucleus is also a tautology. A V is, by definition,
the nucleus of the syllable. Finally, (15a) cannot refer to the distinctive
feature, (18c), because either [−cons] or [+cons], as in (19a) or (19c),
can be a syllable nucleus. In short, (15a) has no coherent interpretation.
Given the alternatives in (18), it is either false or tautological.

Now, consider proposition (15b): A consonant can be the nucleus
of a syllable only if it is not adjacent to a vowel. Interpreted as (18a),
the statement is simply false for spoken language because under some
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circumstances a consonant can be the nucleus of a syllable regardless of
the non-nuclear components, (19c). Similarly, interpreting the statement
with (18b), it is also false; a C can never be the nucleus of a syllable.
It is possible to interpret the statement with (18c): “A [+cons] can be
the nucleus of a syllable only if is not adjacent to a [−cons] .” But it
is also not true because there are instances where [+cons] is a syllable
nucleus even though it is adjacent to a [−cons]. Take, for example, the
three syllable pronunciation of rustling [ r ∧ s l i n ]. [ l ] is [+cons] and
a syllable nucleus, but it is immediately followed by a [−cons].

Ignoring for the moment the empirical problem with (15b), one pos-
sibility is to associate secondary movement (or handshape change) with
the distinctive feature value [−cons]. Then, adopting the definition of
“consonant” as [+cons] and “vowel” as [−cons], (18c), produces the in-
terpretation of (15b) that is given in (21).

(21) A segment that does not have secondary movement (or handshape
change) can be in the nucleus of the syllable only if it is not ad-
jacent to a segment that has secondary movement (or handshape
change).

The proposition in (21) rules out the non-occurring gestures in (3)
and (7). Nevertheless, the propositions in (15) must necessarily hold for
spoken language phonology before the parallels in (17) and the general
principles in (16) can be adopted for sign language phonology. And, as
shown here, neither proposition in (15) is correct for any of the inter-
pretations for “consonant” and “vowel” in (18). In short, none of the
alternatives go through, so the analysis of the data is completely depen-
dent on the adoption of a sonority hierarchy for sign language.

6.1.4 Comparing the Proposals

Therefore, the Moraic model must import, along with consonant, vowel,
and syllable, the notion of sonority. Granted, sonority is crucial to the
interpretation of syllable structure in spoken language phonology. But
spoken language sonority is a modality specific concept that has emerged
from broad cross-linguistic comparisons to unify the properties of sylla-
ble organization across spoken languages. Thus, if the analysis of sign
language is analogous to the study of spoken language, as proposed in
the Moraic model, then the defense of a sign language sonority hierarchy
will depend on its ability to account for cross-linguistic phenomena. As
it is specified now it stands as a stipulated dominance relation between
two segments whose interpretation is largely dependent on an analogy
with consonants and vowels in spoken language.
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In contrast, the transition-based representations of the signs pre-
sented above account for the data on the basis of only the organiza-
tional properties of the transition unit and cell. No extra stipulations
are required. But the transition-based proposal is not without cost. As
stated at the outset of the thesis, it requires the adoption of two mode-
specific theoretical frameworks from which a single theory of universal
phonology can be stated. Yet the payback in the form of the explanatory
theory outlined in the previous chapters not only outweighs the cost, but
also illustrates the value of distinct phonologies, if only to identify the
mode-specific differences in the phonologies as discussed in Chapter 7.
Furthermore, as suggested in the remainder of this chapter, the adoption
of spoken language constructs may be possible, but it will only come at
some cost to a spoken language-based theory of universal phonology.

6.2 Segments and Features

Liddell and Johnson (1989) present what they call a Movement Hold
(MH) model for ASL, named because of the two types of autosegments
they propose – movements (M) and holds (H). The purpose of their
model is twofold: (i) to provide a phonetic transcription system for signs,
and (ii) to provide a phonological representation that captures the se-
quential and simultaneous properties of signs. In this section I focus on
the phonological aspect of the model.

In early work, such as Stokoe (1960) and Battison (1978), signs were
analyzed as bundles of simultaneously occurring features. Liddell (1984),
however, argued that signs also have sequential properties, prompting
Liddell and Johnson (1989) to adopt the framework of autosegmental
phonology because it organizes both sequential and simultaneous infor-
mation. The timing tier provides sequential organization for the simul-
taneous information organized on the independent feature tiers.

By adopting autosegmental phonology, this work follows the transfer-
and-test model of phonology. In this section I show that the definition of
segments adopted by Liddell and Johnson leads to the overgeneration of
structures. I begin by discussing the problem with the current model, and
then propose a modification to their definition of segment that resolves
the overgeneration problem and improves the empirical coverage of the
model.

6.2.1 The Modality-Free Segment

To assess the effectiveness of a construct in a new domain, it is first nec-
essary to provide a language-independent, or in this case, a modality-free
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interpretation of the construct. To that end, in this section I formulate
a modality-free definition for the segment, the focus of the MH model.

The concept of a phonological segment in Chomsky and Halle (1968,
henceforth SPE) carries the assumptions in (22). This concept of the
segment is basically that of a feature bundle with inherent duration.

(22) a. A segment is an atomic temporal unit.

b. The properties of a segment are the same from its starting
point to its ending point.

However the SPE assumption in (22b) does not hold for complex seg-
ments such as affricates and prenasalized stops, so in post-SPE frame-
works the properties of the SPE feature bundle are factored into two
parts: (i) temporal duration, represented as a time segment, X, and (ii)
properties of the segment, or a melody, represented by a root node. This
post-SPE concept of a segment is spelled out in (23).

(23) a. A segment consists of a time segment (X) associated with a
melody represented by a root node(s).

b. Time Segment:

(i) A time segment has inherent duration.
(ii) Given any two segments, one must be temporally or-

dered after the other.

c. Root Node:

(i) A root node does not have inherent duration.
(ii) Given any two root nodes, one must be temporally or-

dered after the other.

d. The properties of the segmental material associated with a
single root node are the same for the duration of the time
segment.

The separation between time and melody provides the representation
for segments as in (24). A simple segment, (24a), is represented by a one-
to-one relation between a time segment, X, and a root node. A complex
segment, (24b), is represented by two root nodes associated to a single
timing segment, and a long vowel or geminate, (24c), is represented as
two timing segments associated to a single root node.



190 / The Geometry of Visual Phonology

(24) a. Simple b. Complex Segment c. Long Vowel/
Segment Geminate

X

[ a ]

X

[ a ] [ b ]

X X

[ a ]

In sum, in the SPE definition of a segment, segment features are
bound with the segment itself, but in post-SPE definitions, time and
features are distinct. Hence, the post-SPE notion of segment explicitly
differentiates between the temporal and atemporal properties of the seg-
ment; the time segment represents the former and the feature bundle the
latter.

6.2.2 Movements and Holds

In the Movement Hold model, Liddell and Johnson (1986, 1989) define
two distinct segment types, movements (M) and holds (H), as in (25).

(25) a. A movement is defined as a period of time during which some
aspect of the articulation is in transition. (1986:447)

For any movement... there will be an initial posture of the
hand(s),a final posture of the hand(s), and a specific manner
of making the transition from the first posture to the second.
(1986:449)

b. A hold is defined as a period of time during which all aspects
of the articulation are in a steady state. (1986:448)

As illustrated in (26), Liddell and Johnson propose that movement
and hold segments are composed of two parts: (i) a segmental feature
bundle and (ii) an articulatory feature bundle. The segmental features
distinguish between the segment types and include information such as
contour of the movement, simultaneous secondary movement, and timing
information, such as duration. The articulatory features capture infor-
mation relevant to the posture of the hand such as handshape and hand
orientation. By definition, (25a), the movement segment must necessar-
ily associate with two sets of articulatory features, (26a).
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(26) a. M-segment b. H-segment

M[
segmental
features

]
[

initial
artic.

features

] [
final
artic.

features

]
H[

segmental
features

]
[

artic.
features

]

Unfortunately, the segmental representation in (26) presents an un-
motivated synthesis of the SPE and post-SPE segments described above.
For example, the association of segmental features with the M and H
timing units is analogous to the SPE segment. At the same time the
independent articulatory features are analogous to the melody proposed
for post-SPE segments. Hence, in the Movement Hold model the defini-
tion of segments combines properties of both the SPE and the post-SPE
segments, producing a logically incoherent notion of segment.

In the remainder of this section I present an analysis of sign language
blends that highlights some empirical problems with the MH represen-
tation of signs. I propose an alternative interpretation of the M and
H segments that resolves the internal inconsistencies of the segments
as defined here, as well as resolving the empirical problems described
below.

6.2.3 Sign Language Blends

One way to produce new signs in ASL is to combine two existing signs
into a novel sign. The process is often referred to in the literature as
compounding, but is more specifically like spoken language blends (Lid-
dell 1984). In ASL when two signs combine to produce a new sign, they
undergo a substantial reduction in phonological shape, bear little or
no evidence of having undergone a process analogous to stress shift, and
are subject to diachronic change (Frishberg 1976). These properties con-
trast with those of other two-sign combinations described by Klima and
Bellugi (1979) as “semantic compounds” Those combinations generally
retain their phonological shape, have predictable sign order, and have
meanings that can be deduced from its parts. In this section I follow
Liddell (1984) and refer to the former as blends; the latter will not be
discussed here.

The signs in (27a) and (27b) combine to produce the blend in (28)
that means to make up one’s own mind. All of the signs are articulated
with one hand. In (27a) the hand is held so the index finger is extended
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while the other fingers are bent and tucked under the thumb which is
also bent. The hand starts a few inches from the side of the forehead
with the index finger pointing toward the head and the palm of the hand
facing down. To articulate the sign the hand moves towards the forehead
in a straight line and stops when the tip of the index finger touches the
forehead.

In (27b) the hand is held so all the fingers are bent into a fist. The
thumb is extended and held perpendicular to the fist. The hand begins
a few inches in front of the center of the signer’s upper chest with the
tip of the thumb pointing up and the backs of the knuckles facing away
from the signer. To articulate the sign the hand moves along a straight
path towards the referent of self. For example, if the signer is referring
to herself, the direction of the movement is towards the signer’s chest;
if the signer is referring to someone else, the hand moves in a straight
line towards the space representing that person.

(27) a. think b. self

To articulate a phrasal combination of the signs, for example in the
phrase i think self meaning (something like) I think for myself or I
think only of myself, all movements described for (27a) and (27b) are
pronounced. In contrast, the pronunciation changes noticeably when the
signs are combined to form the new lexical item in (28).

To articulate (28), the hand starts in a position so that the index
finger and thumb are extended and held at right angles to each other;
the other fingers are bent. The tip of the index finger is held against
the side of the forehead with the palm of the hand facing the opposite
side of the signer’s body than the hand articulating the gesture and the
thumb side of the hand facing the floor. Once in this position, the hand
moves along an arc-shaped path that ends in front of the signer while at
the same time index finger bends at both joints to join the other fingers
and the hand twists so that the tip of the thumb points upward and the
knuckle-side of the hand faces towards the referent of the sign.
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(28) think-self

The blend in (28) exhibits three characteristics not found in a phrasal
sequence of signs. First, the initial handshape is a blend of the hand-
shapes in (27a) and (27b). Second, the transition between the signs
merge into a single smooth movement. Finally, the simultaneous tran-
sitions are articulated proportionally; the hand posture changes at the
same time the hand moves. This latter characteristic of the blend con-
trasts with the gestures described in (29) that are articulated with dis-
proportionate changes and are not possible blends.

(29) a. ∗(Hand posture change complete before position change.)

b. ∗(Hand position change complete before posture change.)

In addition, Klima and Bellugi (1979) found that the mean length of a
blend (‘compound’ in their terms) measured in visual fields on videotape
is about the same as the mean length of a single sign. A summary of the
differences between the phrasal combination think self and the blend
think-self is given in (30). The list constitutes the set of properties
that an analysis of blends must be able to account for.

(30) a. Phrasal Combination b. Blend
(i) Two discrete (i) Smooth transition

movements. between locations.
(ii) Distinct transitions (ii) Smooth transition of

of handshape. handshape.
(iii) Distinct orientations. (iii) Smooth transition of

orientation.
(iv) Duration is sum (iv) Duration is comparable to

of two signs. a lexical sign.
(v) Proportional combinations

of transitions.
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6.2.4 An MH Analysis

To account for the changes that signs undergo to form blends, Liddell
and Johnson (1986) propose two sets of rules. The first set of rules is
a combination of a Contacting Hold Rule and Movement Epenthesis
which are intended to capture the synchronic formation of the blend by
adjusting the segment structure of the inputs. The second set of rules
is a set of “feature adjustments” which affect the diachronic changes at
the feature level – what Liddell and Johnson refer to as “more finely
tuned modifications in specific features” (1986:479).

Representations of the first set of rules are given in (31). The Con-
tacting Hold Rule, (31a), is intended to capture the observation that if
the hand contacts a body part, the contact is preserved in the blend.
When this rule is applied only the segment and feature pair that includes
the contact is preserved; all other segments and their feature complexes
are deleted. Liddell and Johnson describe Movement Epenthesis as

...a process which inserts a movement between concatenated segments,
the second of which begins with an initial articulatory bundle differ-
ent from the final articulatory bundle of the preceding segment. For
the most part, this process applies at the boundary between signs...
(1989:237)

Although they do not state the rule formally, I present a version of it in
(31b).

(31) a. Contacting Hold Rule
(applies to initial sign in blend)

[ (A) H (B) ]
|[

contact
body

]
1 2 3 → 2

b. Movement Epenthesis

∅ → M / X ] [ X, a 6= b.

| |
[a] [b]

Given the representation of movement and hold segments in (26), the
representations for the lexical signs that contribute to the blend, (27a)
and (27b), are given in (32a). These form the input to the Contacting
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Hold Rule. For ease of discussion, I show only the relevant feature. In
this case it represents body contact. The output of the rule is shown in
(32b).

(32) a. think self

M1 H1

[ ... ] [+cont]

M2 H2

[ ... ] [ ... ]

b. think-self

H1

[+cont]

M2 H2

[ ... ] [ ... ]

Next, applying Movement Epenthesis to the result in (32b) produces
the output in (33).

(33) think-self

H1 M M2 H2

[+cont] [ ... ] [ ... ]

As mentioned above, the second set of rules that apply to blends
are what Liddell and Johnson refer to as “feature adjustments”. Of the
ones that they describe, two apply to the output in (33): the Handshape
Adjustment and Palm Orientation Adjustment Rules. The Handshape
Adjustment Rule is formulated to capture the observation that blend-
ing creates a disfavored sequence of handshapes that is resolved by an
adjustment of the initial handshape so that it better matches the charac-
teristics of the final handshape (1986:479). In (34a), HSk is a handshape
that includes the characteristics of HSi while at the same time antic-
ipating the characteristics of HSj . The Palm Orientation Adjustment
Rule, (34b), is formulated to capture the observation that “the orien-
tation features for the first articulatory bundle have changed to match
those of the second” (1986:479).
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(34) a. Handshape Adjustment Rule

HSi → HSk / HSj

b. Palm Orientation Adjustment Rule

H M
| |

ORi → ORj / ORj

In (35), the rules in (34) are applied to the output in (33). (35a)
is the output after the application of the first set of rules, (35b) is the
output of the Handshape Adjustment Rule, and (35c) is the output
of the Orientation Adjustment Rule. The relevant articulatory features
are included, namely handshape, body contact, and orientation. The
handshapes are represented by their names: G represents the handshape
with only the index finger extended, and A represents the handshape
with only the thumb extended. Palm orientation is marked with the
subscript p, and finger orientation is marked with the subscript f .

(35) a. Output of (31):

H1 M M2 H2
G

contact
forehead

downp

inf




A

near
body

sidep
outf




A

away
body

sidep
outf


b. Handshape Adjustment Rule:

H1 M M2 H2
L

contact
forehead

downp

inf




L

near
body

sidep
outf




A

away
body

sidep
outf


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c. Orientation Adjustment Rule:

H1 M M2 H2
L

contact
forehead

sidep
inf




L

near
body

sidep
outf




A

away
body

sidep
outf


Given the list of properties of the blends in (30), the final form in

(35c) is odd in at least three ways. First, there are four timing segments
in the final form and only two in the input signs. This is odd, because
as noted in (30b(iv)), the duration of the blend is comparable to the
duration of a lexical sign. Given that the timing segments represent an
interval of time, the number of timing segments in the blend should be
comparable to the number in the input signs.

Second, of the four segments, two are associated with the l-hand-
shape, one is associated with both the l- and a-handshapes, and one
is associated with only the a-handshape. This asymmetric distribution
appears to favor the initial l-handshape over the final a-handshape.
In other words, the representation captures a gesture in which the l-
handshape is held for a longer period of time than the a-handshape.
But, as indicated in (30b(ii)), the transition between handshapes should
be smooth.

The distribution of location features runs into similar problems. The
observation in (30b(i)) is that the transition between the initial and
final locations is smooth. Yet in (35c) there are three specifications for
location which indicate a more triangulated movement of the hand.

So it appears that the M- and H-segments and their associated fea-
ture complexes provide some basic machinery for representing properties
of the sign gesture, but fall short of accounting for the systematic changes
noted in (30). In the next section I review the M- and H-segments and
present an alternative representation of the segments that will (i) resolve
the internal inconsistencies of these segments with the modality-free seg-
ments, and (ii) resolve the empirical problems cited here.

6.2.5 An Alternative Analysis

In this section I show that the M and H segments are problematic be-
cause they overgenerate structures. To solve that problem, resolve the
incongruities with the simultaneous SPE and post-SPE properties of the
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M and H segments, and provide a more satisfactory analysis of blends,
I propose to reduce the M and H segments to a single segment type.

With the OCP-like stipulation in (36a) Liddell and Johnson rule out
a large number of possible structures. Restated as a Principle of Shared
Features, (36b), sequences like those in (36c) are ruled out for lexicalized
signs.

(36) a. An initial posture of any segment in a string is identical to
the final posture of the preceding segment...[because]... a sin-
gle articulator.. can only start a gesture from the posture
in which it terminated the preceding gesture (Liddell and
Johnson 1989:213).

b. Principle of Shared Features:
Adjacent segments in a sign share adjacent feature complexes.

c. (i) ∗H M H

[ a ] [ a ] [ b ] [ b ]

(ii) ∗ M H

[ a ] [ b ] [ c ]

Although structures like those in (36c) are ruled out, the structures
in (37) are well-formed. However, each of these well-formed structures
has the same sequence of features, [ a ] and [ b ], and differ only by the
sequence of timing segments. So the model predicts that signs may differ
only by the minor variations in timing reflected by the combinations of
M and H segments in (37). Yet there is no empirical data to support
this prediction. Differences in handshape, location, and orientation as
well as sequences of changes between them produce contrastive signs,
but differences in timing like that reflected by the structures in (37) are
not distinctive.

(37) a. M

[ a ] [ b ]

b. H M

[ a ] [ b ]

c. M H

[ a ] [ b ]

d. H M H

[ a ] [ b ]
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To eliminate this overgeneration of structures I propose a single seg-
mental structure that combines the properties of both the M and H seg-
ments. Drawing on the basic observation of the transition-based model
that movement is a transition between two points, I propose a single
timing segment, Y, combined into a structure that represents the sign
gesture, SG. The representation of the sign is defined in (38a); the skele-
ton structure is given in (38b).

(38) a. A sign has two and only two Y segments, each associated
with a single feature bundle.

b. SG

Y Y

[ a ] [ b ]

Using the structure in (38b), the representations for the signs that
contribute to the blend think-self are given in (39). The articulatory
bundles are the same as for the M-H representations.

(39) SG SG

Y Y Y Y

HS :

LOC :

OR :



G

near
fore−
head

downp

inf





G

contact
fore−
head

downp

inf





A

near
body

sidep
outf





A

away
body

sidep
outf


a. THINK b. SELF

Recall that both gestures represented in (39) are articulated with
a smooth movement between two locations. For example, to articulate
(39a) the hand starts near the forehead and moves towards the forehead
until the tip of the finger touches the forehead. The gesture is smooth
because during the transition the change between the starting and end-
ing time and between the starting and ending locations is proportional.
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In order for the structures in (39) to capture those characteristics the
definition of the timing segment needs to be considered.

For example, if the Y-segment is defined as having inherent duration,
as for the X-segment, (23b), then the relation between time and location
would follow the illustration in (40a) where location changes abruptly
from LOC1 to LOC2 at time tj , the juncture between the time intervals
Y1 and Y2. As indicated by the asterisk, ∗, that is not the desired result.
Rather, if Y is defined as a specific point in time then, as illustrated in
(40b), the association between location and time more accurately reflects
the properties of the gesture. At time ti the hand starts at location LOC1

and at time tk it stops at location LOC2.

(40) a. ∗ti tj tk

Y1 Y2

| |
[LOC1] [LOC2]

b. ti tk
| |
Y1 Y2

| |
[LOC1] [LOC2]

(41a) redefines the (modality-free) timing segment to represent a
point in time, and (41b) is a general principle that ensures the transition
from one point to another is continuous.

(41) a. (25b(i))′ A time segment, Y, represents a discrete point in
time.

b. Changes between parameter values are smooth.

With this proposed modification, I continue with an alternative anal-
ysis for combining signs into blends. In this analysis blending is the com-
bination of the feature bundles from the two input signs into the basic
structure for the sign gesture given in (38b) so that the initial result is
a single sign structure with four feature complexes.4 For the structure

4As noted by Brentari (1990b) not all two-sign combinations reduce to a single
sign gesture; some are articulated with two sign gestures, e.g., black-name. I propose
that the same principles formulated here will also apply in those cases. Based on
general principles of maximum SG structure, it should be possible for the model to
predict whether a lexicalized combination of signs will result in a single or double
SG structure. Unfortunately, that analysis is beyond the scope of this discussion.
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to be well-formed, however, the four feature complexes must be reduced
to two. To account for that reduction, I propose a set of general princi-
ples that apply to each category of features, namely location, handshape,
palm orientation and finger orientation.

The first basic principle to apply is a form of the OCP, (42).

(42) Adjacent segments in a sign share adjacent feature complexes.

The principles in (43) account for the reorganization of location fea-
tures in blends. (43a) captures a set of dominance relations. When two
feature units are in competition for a single position, the dominant one
wins. Although not applicable to think-self, (43a(iii)) relates (43a(i))
and (43a(ii)). In a conflict between an edge and contact, the location
with contact will be preserved. The features in (43b) are the locations
contributed by the input signs. By (43a(i)), contact forehead is a domi-
nant location, so it is preserved. In the absence of contact in the second
input sign, the value of the right edge, away body, is retained. The output
features for location are given in (43c).

(43) a. Location
(i) A location with contact is dominant.
(ii) The right edge of the sign is dominant.
(iii) Contact is more dominant than the right edge of

the sign.

b.

[
near

forehead

] [
contact
forehead

] [
near
body

] [
away
body

]

c.

[
contact
forehead

] [
away
body

]

The principle in (44a) that applies to handshape is stipulative be-
cause, for the purposes of this discussion, I treat handshape as a unit.5

The application of the general principle in (42) to the handshape features
from the input signs, (44b), produces (44c). Applying (44a) produces the
final result, (44d).

5It should be possible to state a more general set of principles on handshape based
on joint and finger specifications. This work is left for future research.
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(44) a. Handshape: G → L / A

b. [ G ] [ G ] [ A ] [ A ]

c. [ G ] [ A ]

d. [ L ] [ A ]

The principle in (45a) accounts for palm orientation. Applying the
general principle in (42) to the input features in (45b) produces (45c).
The palm orientation principle, (45a), then applies to (45c), with the
result in (45d).

(45) a. Palm Orientation: Right edge is dominant.

b. [ downp ] [ downp ] [ sidep ] [ sidep ]

c. [ downp ] [ sidep ]

d. [ sidep ] [ sidep ]

For finger orientation, no special principle is necessary. Only the
general principle, (42), applies to the input features in (46a) to produce
(46b).

(46) a. [ inf ] [ inf ] [ outf ] [ outf ]

b. [ inf ] [ outf ]

Combining the results for each feature type, the final sign gesture is
shown in (47).

(47) think-self: SG

Y Y

HS :

LOC :

OR :


L

contact
forehead

sidep
inf




A

away
body

sidep
outf


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A comparison of the output of the Movement Hold model, (36c), with
(47) shows that the latters provides a more satisfactory account of the
data. The modified definition of the segment as a Y-segment ensures that
the transitions between the feature values are smooth. The structural
skeleton of the blend is also the same as the skeletons of the input
signs. Hence, all the odd mismatches between the number of segments
in the representation and the timing of the gesture are eliminated in this
alternative analysis. In sum, the properties of the blends summarized in
(30) are captured by the structure in (47).

The chart in (48) presents a comparison of the Movement Hold anal-
ysis of blends with the alternative analysis presented here. As indicated
by the chart, the latter is simpler. It requires one less timing segment,
presents a more restricted representation of the sign gesture, and relies
on general principles of organization such as dominance, rather than
specific rules to capture the systematic relation between signs.

(48) Movement Hold Analysis Alternative Analysis

M-segment Y-segment
H-segment

Contacting Hold Rule
(for compounding)

LOC > LOC
(contact) (rt. edge)

Handshape Adjust. Rule Handshape rule

Palm Orient. Adjust. Rule Palm orientation rule

Movement Epenthesis Rule

(49) summarizes the problems facing the Movement Hold model.
As has been shown here, an analysis that reconsiders the definition of
the segment in terms specific to the properties of the sign gesture is
preferable. It eliminates the overgeneration of structures, reduces the
number of timing segments in blends, and eliminates the asymmetric
distribution of handshape and location values in blends.

(49) a. Over-generates structures.

b. Too many timing segments in blends.

c. Asymmetric distribution of HS in blends.

d. Asymmetric distribution of LOC in blends.
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6.3 Feature Geometry and Segments

The final model that I consider is the Hand Tier model (Sandler 1989).
Three observations about the MH model influence it. First, citing a
lack of distinction from M-segments and a lack of explicit phonological
evidence, Sandler calls into question the status of holds (H) as timing
segments. Preserving the notion that there are two contrasting timing
segments, she keeps the M segment, but replaces the H segment with
a location (L) segment. Second, Sandler claims that handshape changes
for monomorphemic signs are predictable, proposing that only related
pairs of handshapes participate in handshape change, and that hand
configuration information is a property of the morpheme and separated
from the segmental organization of the sign. Finally, Sandler adopts
two distinct feature geometry trees: one that organizes location features
and associates with the segment, (50), and one that organizes hand
configuration features, (51), and associates with the morpheme.

(50) Location (Sandler 1989:134)
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The internal structure of these feature geometry trees are consistent
with spoken language feature trees.

(51) Hand Configuration (Sandler 1993:105)

Although the application of segment in the Hand Tier model is con-
sistent with the modality-free segment, the notion of feature geome-
try introduces some problematic innovations. I start by presenting a
modality-free definition of feature geometry.

6.3.1 Modality-free Feature Geometry

The primary motivation for feature geometry in spoken language is the
observation that distinctive features repeatedly group themselves into
natural classes that reflect regularities of distribution and alternation.
To that end, a feature geometry is an organization of features into a
hierarchical tree structure. The definition of feature geometry I adopt,
(52), includes the assumptions from the original proposals (Mohanan
1983, Clements 1985). Subsequent developments in feature geometry
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exhibit a different set of assumptions that are not entirely consistent
with (52), adding complexity to the structure and compromising the
formalism (Sagey 1986, Archangeli and Pulleyblank 1986, McCarthy
1988).

(52) Modality-free Feature Geometry:

a. Formally, a feature geometry is the mathematical object
called tree, a connected graph that does not contain any cy-
cles. The feature geometry tree is directed and rooted, and
its sister nodes are unordered.

b. The tree is dominated by a root node that associates to a
timing segment.

c. A root node is distinct only in terms of its terminal nodes.

d. Each non-terminal node in the tree represents a class of
features. The substance of the formal statement node A
dominates node B is that node B is grouped under node A.

e. All non-terminal nodes are present for every segment.

For completeness I include the modality-free definitions of the root
node from the previous section.

(53) Root Node:

(i) A root node does not have inherent duration.

(ii) Given any two root nodes, one must be temporally ordered
after the other.

What Sandler (1989, 1993b) refers to as the canonical timing struc-
ture of the sign is shown in (54). The timing tier is represented by a
sequence of location (L) and movement (M) segments. The root node
that dominates the hand configuration tree associates with each segment
of the timing structure. In turn, each L-segment associates with a root
node that dominates a feature geometry tree of location. The M-segment
also associates with a root node that immediately branches to share the
place nodes of the L-segments on either side of it. Sandler (1989) pro-
poses three features for movement, shape, setting, and manner, which
are independent of either tree and will not be discussed here.
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(54) Canonical Timing Structure

◦ hand orientation

◦ handshape

◦ rootHC

L M L timing tier

◦ ◦ ◦ rootLOC

◦ ◦ place

The structure in (54) is inconsistent with two parts of the definitions
in (52) and (53). First, whereas (52b) specifies that a root node associates
to a timing segment, in (54) the HC root node is also associated to a
structure at the morphemic level. Second, (53ii) states that root nodes
are temporally distinct, i.e., they cannot occur simultaneously. However,
each of the three segments in (54) are associated with specifications for
both rootHC and rootLOC . Although the simultaneous association
ensures that (52e) is met, where it could be interpreted to mean that all
possible non-terminal nodes are present for every segment, the intent of
the modality-free definition is that all features that represent a segment
are present under a single root node.

The motivation for these innovations is centered on Sandler’s claim
that handshape change is predictable, subject to a single constraint, and
that it is a property of the morpheme. To capture these properties, she
represents handshape on a separate hand configuration (HC) tier. This is
problematic on two counts. Firstly, as argued in Chapter 2, handshape
change is subject to a set of constraints, not just a single constraint.
Secondly, the representation of handshape change under a single root
node forces the representation to allow ordered features. This is a crucial
deviation from the feature geometry defined in (52a) because the sister
nodes of the tree are formally unordered.6 In this discussion I focus on
the second problem.

6Although this is similar to spoken language proposals such as Sagey (1986), it
still represents a modification to the tree graph that introduces extra complexity into
the formal framework and requires further consideration. In other words, that the
modification occurs in spoken language phonology does not automatically justify its
application here.
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Recall that when both the handshape and the location of a sign
change during the articulation of a monomorphemic sign, they change
simultaneously and the rate of change is the same. Hence one problem
that immediately arises from the separation of hand configuration infor-
mation and location information onto separate feature tiers is the need
to coordinate their timing. To account for this, the Hand Tier model
must stipulate a process of linearization (Sandler 1993b:115). As illus-
trated in (55), the features of the handshape contour that are associated
with the position (pos) node migrate from the HC tree onto the root
node for location features, mediated through the HC root node and the
L timing segments. The motivation for the process is to synchronize the
articulation of the handshape features with the other features of the
sign.

(55) HS1 HS2

◦ pos

◦ HC

L M L

Linearization−→ ◦ HC

L M L

HS1 HS2

Unfortunately, a process like linearization represents a significant
deviation from the idea of a modality-free interpretation of feature ge-
ometry for sign language and produces significant differences between
spoken and sign language phonologies. For example, if the analogy is
to hold, then the contour representation of handshape change ought to
bear some resemblance to the representation of a sequence of tones in
spoken language. But in that case, phonological linearization is implau-
sible; the result would be that tones associate with two non-sequential
timing segments.

In the next section I propose an alternative interpretation of the
Hand Tier structures that resolves the inconsistencies of the feature
geometry while preserving the major contribution of the model, namely
that there is a hierarchical organization of sign features that captures
the position and posture of the hand.
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6.3.2 An Analysis of Blends

To illustrate the constructs and rules of the Hand Tier model, I apply
it to the blend of think and self described in the previous section.

6.3.2.1 Hand Tier Analysis

The Hand Tier representations of the input signs are shown in (56).
The timing segments, L and M, are at the center of the representation
and associated with both the hand configuration and location trees. The
hand configuration features are above the timing segments and the loca-
tion features are below the timing segments. The notation for handshape
(HS) includes the selected finger, I (index finger) and T (thumb), and
the state of the joints. For both signs, the joints are extended (open).
Of the three place features, the first indicates the proximity of the hand
to the body, the second identifies an area of articulation, and the third
identifies a specific place within that area of articulation.

(56) a. think or [prone]

hs [I : open]

rootHC ◦

L M L

rootLOC ◦ ◦ ◦

place ◦ ◦[
+proximal

head
+hi

] [
+contact

head
+hi

]

b. self: or [in]

hs [T : open]

rootHC ◦

L M L

rootLOC ◦ ◦ ◦

place ◦ ◦[
+proximal

trunk
+hi

] [
+distal
trunk
+hi

]
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Sandler (1993b:107) describes two processes that apply when signs
are blended: (i) “the first location of the second sign is deleted”, and (ii)
“the HC that was associated to it, HC2... does not delete, but rather
spreads leftward onto the previous location”. I formalize (i) as the rule
in (57a); Sandler presents (ii) as the rule in (57b).

(57) a. Second Sign Location Deletion:

L → ∅ / [LML] [ ML]

b. Total HC Assimilation:

orientation ◦ ◦

handshape ◦ ◦

rootHC ◦ ◦
HC1 HC2

=

The rules in (57) alone are, however, not sufficient to account for
the changes that the signs undergo during blending so, borrowing from
the MH model, I include the Contacting Location Rule in (58). The rule
states that if there is contact with the body in the first sign of the blend,
then the segments that do not contact the body are deleted. Given the
relations between the timing segments in the canonical LML structure,
this means that either a sequence of LM or ML is deleted.

(58) Contacting Location Rule:{
LM
ML

}
→ ∅ / [...L...] [LML]

|
[+contact]

The structures in (59) illustrate the application of the rules in (57)
and (58) to the input structures in (56). To simplify the presentation I
present only the parts of the signs that are affected by each rule.
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(59) a. Input Signs:

think self
HC1 ◦

L1 M L2

HC2 ◦

L3 M L4

b. Second Sign Location Deletion:

HC1 ◦

L1 M L2

HC2 ◦

M L4

c. Contaction Location Rule:

HC1 ◦

L2

|
[+contact]

HC2 ◦

M L4

d. Total HC Assimilation:

[I : open]

HC1 ◦

L2

|
[+contact]

= [T : open]

HC2 ◦

M L4

Once all the rules have applied, the parts of the input signs that
remain, L2, M, and L4, (59d), are recombined into an LML template, as
shown in (60).
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(60) hs [I : open] [T : open]

HC2 ◦

L2 M L4

rootLOC ◦ ◦ ◦

place ◦ ◦ +contact
head
+hi

  +proximal
trunk
+hi



Linearization applies to (60) and results in the final form in (61). The
handshape features migrate through the timing segments to the location
feature tree.

(61) HC2 ◦

L2 M L4

rootLOC ◦ ◦ ◦

place ◦ ◦
+contact
head
+hi

I : open




+proximal
trunk
+hi

T : open



In sum, the Hand Tier model can provide a representation for blend-
ing, but the logical inconsistencies of the feature geometries persist, di-
minishing the inherent power of the formalism as well as its relevance to
spoken language phonology and, hence, to a universal theory of phonol-
ogy.
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6.3.2.2 An Alternative Analysis

To resolve the inconsistencies between the modality-free feature geom-
etry and the Hand Tier feature geometries, I present a two-pronged
approach: (i) reduce the L and M timing segments to a single timing
segment, and (ii) reorganize the features into a single feature geometry.
This will, in addition, simplify the model.

The segments in (62) are extracted from the canonical LML sign
structure in (54). From this perspective, they are structurally distinct.
The location root node associated with the M-segment splits to associate
with two place nodes, (62a), whereas the location root node for the L-
segment, (62b), associates with a single place node.

(62) a. M-segment b. L-segment

M

◦

◦ ◦

L segment

◦ rootLOC

◦ place

I propose that the segments in (62) be replaced with those in (63),
where an M-segment is defined as a Y-segment with a branching root
node and an L-segment is a Y-segment with a single non-branching
root node. Borrowing from the discussion about the MH model, the Y-
segment is the same as the spoken language segment, except that the
time segment refers to a point rather than an interval of time.

(63) a. “M-segment” b. “L-segment”

Y

◦

◦ ◦

Y segment

◦ root

◦ place

The canonical sign skeleton can be represented as (64). From this
perspective, the Y-segment in the middle of the structure is redundant
because it shares the place values of its neighbors. It is also associated
with the same features from the HC node. The only unique information
that it provides are movement features. Yet as reflected by the central
position of the M segment in the canonical structure of the Hand Tier
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model, and its association with all available feature information, those
feature values are also distributed across the sign.

(64) [HC] Hand Config.

y y y Timing Tier

◦ ◦ ◦ root

◦ ◦ place

Allowing the hand configuration and movement features to migrate
to the head of the sign structure, SG (sign gesture), the structure in (64)
can then be simplified to (65). The introduction of the head provides a
central point for representing features that apply to the whole structure.

(65) SG Head
[HC, M]

y y Timing Tier

◦ ◦ root

◦ ◦ place

To eliminate the need for linearization the hand configuration fea-
tures are re-organized with the location features into the unified feature
geometry in (66).

(66) Unified Feature Geometry

◦ root

hc ◦ ◦ loc

Handshape ◦ ◦ place

Orientation ◦
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In the final representation, HC features whose domain is the sign
(for example, features like wiggle might fall into this category) are rep-
resented in the head (SG); all other HC features are represented in the
feature geometry. The autonomy between hand configuration and loca-
tion is preserved by organizing them under distinct nodes joined under
a single root node.

Although this structure compromises the autonomy between hand
configuration and timing introduced by the Hand Tier model, it resolves
the inconsistencies between the modality-free root node and the Hand
Tier root node, and the modality-free feature geometry and the Hand
Tier feature geometry. And, as shown below, it simplifies the analysis
of blends. The modified representations for the input signs to the blend
are given in (67) and (68).

(67) think:
SG

Y1 Y2

o o

HC LOC[
−cont
head

+hi

] HC LOC[
+cont
head

+hi

]
HS[
I :

open

] OR[
+prone

] HS[
I :

open

] OR
[+prone]

(68) self:
SG

Y3 Y4

o o

HC LOC[
+prox
+hi

] HC LOC[
+prox
+lo

]
HS[
T :
open

] OR[
+contra

] HS[
T :
open

] OR
[+contra]
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The conditions that apply in this analysis are the same as those in
the alternative analysis for the MH model. They are repeated in (69).7

(69) a. If adjacent features are identical, one is deleted.
b. Location:

(i) A location with contact is dominant.
(ii) The right edge of the sign is dominant.
(iii) Contact is more dominant than the right edge of the

sign.

c. Handshape: [I : open] → [TI : open] / [T : open]

d. Palm Orientation: Right edge is dominant.

So the root nodes dominated by the segments Y1, Y2, Y3, and Y4,
order the location, handshape, and orientation features on the same
tiers. In (70), (71), and (72), I focus on one tier at a time and describe
the result of applying the propositions in (69).

The input values for location are shown in (70a). The propositions
in (69b) apply. Specifically, (69b(i)) preserves the feature cluster with
contact, and (69b(ii)) preserves the right edge of the second input sign.
The resulting location features for the target structure are given in (70b).

(70) a.

 −contacthead
+hi

  +contact
head

+hi

 [
+prox
+hi

] [
+prox
+lo

]

b.

 +contact
head

+hi

 [
+prox
+lo

]

The input values for handshape are given in (71a). First the OCP-
like rule in (69a) applies, (71b), then the handshape specific proposition
in (69c) applies with the final result in (71c).

(71) a. [ I : open ] [ I : open ] [ T : open ] [ T : open ]

b. [ I : open ] [ T : open ]

c. [ TI : open ] [ T : open ]

7 For some signs, the blend might require two SG structures. General principles
of dominance apply; i.e., given a conflict between two values, the more dominant one
wins.
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The input values for palm orientation are given in (72a). (69a) applies
with the result in (72b), then (69d) applies with the final values in (72c).8

(72) a. [ +prone ] [ +prone ] [ +contra ] [ +contra ]

b. [ +prone ] [ +contra ]

c. [ +contra ] [ +contra ]

Recombining the parts into the sign template produces the structure
in (73).

(73) think-self:
SG

Y Y

o o

HC LOC[
+cont
head

+hi

] HC LOC[
+prox
+hi

]
HS[
TI :
open

] OR[
+contra

] HS[
T :
open

] OR
[+contra]

In sum, by proposing two modifications to Sandler’s model, namely
(i) reduce the M and L segments to a Y segment, and (ii) combine the
feature geometries under a single root node, the model is simplified. In-
consistencies between spoken language feature geometry representations
and the Hand Tier model are resolved, and the linearization process is
no longer necessary.

The result is similar to the alternative proposal presented in the
previous section for the MH model, albeit with the addition of the orga-
nization of the features into a feature geometry. Crucially, the difference
between the spoken language segment and the Y segment is the specifi-
cation of time — for the former it is a time interval, for the latter it is
a point in time. This difference reflects the asymmetry between visual
images and auditory “images” noted in the first chapter. Recall that

8Although finger orientation is significant (see the alternative analysis in the MH
model), Sandler only represents palm orientation.
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a visual image requires only a moment in time to capture, whereas an
auditory image requires a time interval.

Moving On

In this chapter I have reviewed three models of sign structure that adopt
a transfer-and-test model for sign analysis. The Moraic model is depen-
dent on the notion of a sign specific sonority hierarchy that requires fur-
ther cross-linguistic consideration. The Movement Hold and Hand Tier
models can be simplified with an adjustment to a modality-independent
definition of the segment. In all three cases, the transfer of the spoken
language phonology to account for sign language data is not unproblem-
atic.

In the final chapter I compare the structural properties of the spoken
language segment and syllable with the properties of the transition unit
and syllable. The differences between them provide more clues towards
understanding the types of differences between language modes that
plague a transfer-and-test model of signs.



7

A Different Mode

At the outset of the thesis I proposed that language mode, visual or spo-
ken, matters to a theory of phonology and that a modality independent
universal theory of phonology will depend on being able to generalize
from two mode specific theories of phonology. In this final chapter I sum-
marize the findings of the geometry based approach to visual phonology
developed in this thesis. In particular I compare the phonological con-
structs from visual phonology, the transition unit and cell, with what
appears organizationally to be their spoken language counterparts, the
segment and syllable. I show that they are distinct in ways that reflect
the language modes they represent.

I conclude that, with respect to a theory of universal phonology, nei-
ther the current organization of phonological structure, the segment and
syllable, nor the set of constructs argued for in this thesis are sufficiently
abstract to account for both modes of data. Whether a single, sufficiently
abstract, theoretical framework can resolve the differences and apply to
both modes of language, or whether distinct language modes will al-
ways require distinct theoretical frameworks remains a question to be
answered in a program that undertakes research of both sign and spo-
ken languages. Whatever the final result, either outcome should lead to
a single universal theory of phonology. In spite of their differences, the
constructs of the visual and spoken language phonologies crucially share
formal organizational properties that are best explained in terms of a
universal theory of phonology.

7.1 The Geometry of Visual Phonology

The work in this thesis demonstrates that, of the formal languages
available, geometry is the appropriate one for representing the prop-
erties of the sign gesture. Recognizing that the form of the hand and
its constituents remain constant under change, the parts of the manual

219
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articulator are modeled as rigid bodies. Their movements can then be
characterized as rigid body transformations, functions that characterize
how a rigid body moves. Of specific interest are rigid body translation,
movement of a body from one point to another, and rigid body rotation,
movement of a body about a point. Because a rigid body transformation
applies without regard to the path between the initial and final positions
of the body, other geometric functions are adopted, specifically formulae
for linear path, circular path, and angular displacement.

What this subset of geometry means for the representation of signs
is that the movements of the hand can be formalized mathematically.
In this model, manual movements to articulate signs are classified into
three categories: change in location, change in orientation, and change
in handshape. As summarized in (1), each of these categories of move-
ments are based on characteristics captured by the formalisms mentioned
above: the scope of the rigid body, the transformation that applies to
the body, and the formula for the path of the transformation.

(1) Rigid Body Transformation Path Function

Change in Whole Hand Translation Line
Location Circle

Change in Forearm, Rotation Angular
Orientation Hand, or Fingers displacement

Change in Individual Rotation (Matrix of)
Handshape Joints of Angular

Fingers displacement

Signing space is also formalized in terms of geometry. The space that
the hand moves in is represented as a set of four embedded rectangular
prisms: hand prism, local signing space, global signing space, and dis-
course signing space. The prisms are related at each level by location
and orientation, dyadic relations that specify the position of one prism
relative to the prism it is nested in.

Taken together, namely the rigid body characterization of the hand,
rigid body transformations, path functions, spatial constructs, and lo-
cation and orientation, geometry provides the formal language for rep-
resenting the complete sign gesture capturing both static and dynamic
properties of the hands.
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7.2 The Phonology of Visual Geometry

In this phonology the sign gesture is characterized as a rigid body moving
through space. One set of phonological constructs refers to properties of
the hand, and another refers to properties and relations of space. The
two are combined in the organizational constructs, the transition unit
and cell.

7.2.1 Hand

The distributional asymmetries and alternations of signs lead to the
hierarchical organization of the hand in (2).

(2) Hand

Thumb Fingers

Index Not-index

Inner Pinky

Middle Ring

Each finger and the thumb are further subdivided into joints, as in
(3). Although there are three joints per finger or thumb, only two sets,
base and non-base, are phonologically significant.

(3) Joints

Base Non-Base

Knuckle Middle Joint End Joint

A handshape is specified by three pieces of information: (i) selected
and unselected fingers (and thumb), (ii) opposed or unopposed thumb,
and (iii) binary joint features, [ ext] and [ flex]. In terms of the hier-
archical structure in (2), fingers and thumb are selected at the level of the
hand node, only the thumb node is specified for opposition, and each of
the terminal nodes is specified for the binary features [ ext] and [ flex].
Although the organization presented in (2) and (3) resemble the trees of
spoken language feature geometry, the properties of handshape require
further investigation before being characterized as a feature geometry of
visual phonology.
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7.2.2 Space

Each of the spatial constructs, hand prism, local signing space, global
signing space, and discourse signing space, provides a frame of reference
for the space nested immediately inside it, so the location and orientation
for each prism is stated in terms of its reference frame.

With respect to location, the base of the hand (or forearm, or wrist
for some signs) associates with the bottom of the hand prism in a fixed
position. In turn, the hand prism is situated in local signing space with
respect to phonologically relevant reference planes: the base plane, the
non-base plane, the center, and the ipsilateral and contralateral sides.
The location of local signing space in global signing space is specified
as one of several places on or near the body included in a currently
stipulative inventory of places.

With respect to orientation, each side of the hand is associated with
one of the six faces of the hand prism. In turn, the orientation of the
hand prism is specified relative to the planes of local signing space. The
orientation of local signing space in global signing space is morphologi-
cally significant, in particular for the interpretation of agreement verbs.
Hence, the orientation relation at different levels of signing space is one
property that links visual phonology to other parts of the grammar.

Another interesting property of the relations between the spatial
constructs is the relaxation of constraints on spatial relations as the
space under consideration gets bigger. In other words, the bigger the
space, the greater the number of options. For example, the location of
the hand in the hand prism is fixed, but the hand prism may be located
at any of the six faces of local signing space. At the next level of the
spatial hierarchy, the location of local signing space in global signing
space is less constrained. Location is no longer bound to just the planes
of global signing space. Rather, local signing space can be situated in a
number of different places on the body as well as in the space in front of
the body. Similar levels of relaxation on the constraints on orientation
can also be identified. These properties of the spatial hierarchy bear
further consideration.

In particular, findings about the characteristics of signs at specific
levels of signing space may prove relevant to issues about the phonolog-
ical primacy of movements (Sandler 1989, 1993). As noted in the thesis,
the paths of the hand within local signing space are restricted to the
line and circle. However, data like that in (4) illustrate a verbal mod-
ulation which exhibits a combination of a linear and arc-shaped path.
This deviation from the constraints imposed on signs at the lexical level
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can be explained by considering the relation between visual morphology
and the properties of the spatial hierarchy described above.

(4) a. look-atregularly b. look-atover−and−over−again

The range of variation and the representation of these paths are left
as tasks for future work.

7.2.3 Transition Unit

The transition unit relates timing information to the spatial constructs
for hand and space to capture the dynamic properties of the sign ges-
ture. In the unmarked case the relation between space and time in the
transition unit is dictated by the Principle of Proportionality. In the
marked cases the model provides the means to specify more complex
relations between space and time.

For example, a verb may be articulated quickly or slowly to reflect the
speed with which the action transpires. With the information captured
by the transition unit this property of signs can be captured as a specific
relation between time and space. (5a) represents the unmarked case in
which the change in time and space are proportional. In contrast, (5b)
represents a situation in which the sign takes twice as long to articulate,
and (5c) represents a situation in which the sign is articulated in half
the time, or at twice the speed of the unmarked case.

(5) a.
Pf − Pi

tf − ti
=

∆P
∆t

= speed

b.
Pf − Pi

2(tf − ti)
=

∆P
2∆t

=
speed

2

c.
2(Pf − Pi)
tf − ti

=
2∆P
∆t

= 2(speed)
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Similarly, signs may be articulated with a characteristic that has
been described as “tenseness”. For example, the sign for good can be
articulated with a tensed movement that results in a gesture meaning
really good. The sensation of tenseness, however, corresponds to the ac-
celeration of the hand. In terms of physics, acceleration is expressed as
a change in speed over a change in time, and can be specified in terms
of the information provided in the transition unit. The formula for this
is given in (6).

(6) Acceleration (“tenseness”)

speedf − speedi
tf − ti

=

∆Pf

∆t
− ∆Pi

∆t
∆t

=
∆Pf −∆Pi

∆t2

Independent of the mathematical details, the point here is to suggest
that the properties of the sign captured by the transition unit can be
used to provide formal representations for other properties of signs, in
particular adverbial and verbal modulations of signs that hitherto have
eluded or complicated formal phonological representations of signs.

7.2.4 Cell

Finally, the cell organizes transition units to specify a sign gesture. The
usefulness of the cell has been demonstrated through the specification
of minimum and maximum constraints on the sign gesture, as well as
accounting for the properties of agreement verbs.

7.3 Segment, Syllable, Transition Unit, and Cell

In this section I compare the spoken language constructs segment and
syllable with the constructs from the visual phonology, transition unit
and cell. The similarities and differences that emerge are instructive in
two ways. First, they shed light on why attempts to apply the segment
and syllable directly to sign language phenomena are problematic, and
second, they provide information for formulating strategies to work to-
wards a theory of universal phonology.

7.3.1 Segment and Transition Unit

Independent of theoretical frameworks, in spoken language phonology
the notion segment captures two properties of speech: (i) the state of the
speech articulators (ii) over a period of time. In visual phonology the
transition unit captures the state of part of the speech articulators at and
between two points in time. In spoken language phonology the segment
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is a component of the syllable, and in visual phonology the transition
unit is a component of the cell. Thus, these are good candidates for
comparison.

The properties of the segment and transition unit are summarized
in (7).

(7) Segment Transition Unit
a. A segment associates a time

unit with a feature geometry.
A transition unit associates a
time unit with a spatial unit.

b. A segment represents a dura-
tion of time.

A transition unit represents a
duration of time, specified by
distinct endpoints

c. A distinctive feature is rel-
evant only at the level of
phonology.

A parameter in a spatial unit
may relate to morphological,
syntactic or semantic struc-
ture.

d. Given any two segments, one
must follow the other.

Transition units may co-
occur.

e. Feature values are the same
for the duration of a simple
segment; values change for a
complex segment.

Spatial values may remain
the same or change during a
transition unit.

f. A segment represents all the
properties of an articulatory
gesture.

A transition unit represents
part of the properties of an
articulatory gesture.

The segment and transition unit are similar because they relate ges-
tural information to time, and because they mediate between that com-
bination of information and the next level of organization – for spoken
language phonology, the syllable, and for visual phonology, the cell. But
after that initial set of similarities, the properties of the constructs di-
verge. Specifically, they differ in their interpretation of time and their
organization of information.

Whereas the entire time interval for the segment is an atomic unit,
the endpoints of a time interval are crucial to the transition unit. The
organization of the information associated with each construct reflects
these distinct interpretations of time. Segments are classified by the val-
ues of their distinctive features – features that are generally relevant



226 / The Geometry of Visual Phonology

only at the level of phonology. In contrast, the nature of the spatial
information organized by the transition unit varies according to the
morphological, syntactic, and semantic setting of the sign. This is an
interesting distinction that I return to later.

In addition, whereas the segment represents the state of all parts
of the speech articulators over an interval of time, the transition unit
presents only a partial picture of the manual articulators. That is, a
transition unit only captures information about handshape, location, or
orientation, but never a combination of them. This latter contrast is
related to the other temporal discrepancy between the units, namely
that segments may not co-exist in time, whereas transition units can.
In other words, given two spoken language segments, one is temporally
ordered with respect to the other. Crucially, transition units may co-
occur.

Clearly, the transition unit and segment differ in a number of ways,
but the differences can be split into two categories: (i) the specification
of time, and (ii) the properties of the information they organize.

In spoken language phonology, the root node and the information
associated with it is associated with an interval of time. The content
of a simple segment is the same throughout the interval of time, but
for a complex segment the information dominated by a root node may
change. In a similar fashion, the spatial properties associated with a tran-
sition unit may remain the same over a time interval, as for a simple
segment, or they may change, as for a complex segment. Unlike the com-
plex segment, however, the distinct gestural information in a transition
unit bears a specific relation to time. The initial properties of a gesture
associate with the start of the time interval, and the final properties
associate with the end of the interval. In contrast, the specific relation
between temporal and gestural information in a complex segment is not
as clear.

This contrast raises an interesting question about the feature geom-
etry representation of complex segments. In its original form, feature
geometry is not a geometry at all, but a representation from a branch of
mathematics known as graph theory. The tree-based organization of fea-
tures in phonology is formally a rooted, directed, and connected graph
without cycles. In its original formulation (Mohanan 1983, Clements
1985) the sister nodes are unordered; the graph captures only domi-
nance relations (constituency). In subsequent proposals, branching and,
consequently, ordering under the root node is allowed to account for
the properties of change associated with complex segments. This addi-
tion of sequential information complicates the original formalism without
specifically addressing the distribution of the feature values over time.
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One possibility raised by this comparison between the transition unit
and segment is that a more elaborate timing structure might also be
relevant to a representation of spoken language. If that is the case, then
in terms of timing characteristics, the segment and transition unit might
not differ so greatly.

The other difference between the complex segment and transition
unit is more difficult to reconcile. The segment organizes distinctive fea-
tures, constructs that in spoken language figure almost exclusively at the
level of phonology. For example, place features like coronal and labial re-
flect properties of the articulators that rarely, if at all, are related to
verb morphology. In contrast, as discussed in Chapter 5, the location
and orientation of local signing space in global signing space, both in-
herently phonological properties, are crucial to the interpretation of verb
agreement.

That the transition unit routinely organizes information that ex-
tends beyond the domain of phonology, whereas such phenomenon are
rare in spoken language phonology, presents an intriguing asymmetry be-
tween the phonologies. In this model of visual phonology the difference
is reflected by an organization of phonological constructs unlike that of
spoken language constructs. Whereas the constructs in spoken language
phonology are distinctive features that classify segments, the constructs
in visual phonology such as location and orientation are dyadic relations
that specify relations between constructs. From this perspective the dif-
ferences are unlikely to be resolved by adjusting the organization of the
spoken language phonology to accommodate the properties of the vi-
sual phonology, or tweaking the constructs of visual phonology to more
closely resemble spoken language constructs. If these differences can be
resolved at all, the resolution will likely depend on understanding more
about the relations between visual phonology and other modules of the
grammar.

7.3.2 Syllable and Cell

The properties of the syllable and cell are summarized in (8). They are
remarkably similar, reflecting more general organizational properties of
phonology. As noted already, the syllable organizes a group of segments
and a cell organizes transition units. In addition, both units impose
minimal requirements on the units they organize; in the case of the
syllable it is a specific segment, and in the case of the cell it is a transition
unit that specifies a change. Both units also occupy distinct periods of
time. If there are two syllables, one must follow the other; likewise, if
there are two cells, one must follow the other.
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(8) Syllable Cell
a. A syllable organizes a group

of segments.
A cell organizes a set of tran-
sition units.

b. A syllable has an obligatory
head.

The minimal cell includes a
non-static transition unit.

c. Given any two syllables, one
must follow the other.

Given any two cells, one must
follow the other.

d. In a syllable segments are or-
dered sequentially.

In a cell transition units oc-
cur simultaneously.

e. In a syllable the number of
segments may vary.

In a cell all properties of the
manual articulators must be
represented.

Just as for the transition unit and segment, the differences between
the syllable and cell reflect different relations between temporal and in-
formational organization. Whereas the syllable imposes sequential order
on its components, the cell imposes simultaneous order on its compo-
nents. And whereas the number of components in a syllable may vary,
the cell requires all properties of the articulators to be represented. In
this way the cell is more like the spoken language segment because it
is at the highest level of the feature geometry that all properties of the
speech articulators are included in the representation.

Unlike the segment, however, the cell (for a simple sign) can be com-
posed of two simultaneously articulated transition units. In terms of
the spoken language phonology, this is like a “super-complex” segment
composed of two simultaneously changing distinctive features, an unat-
tested phenomenon in spoken language. Again, this indicates that for
either framework of phonology to account for the phenomena in the do-
main of the other would require extensive adjustments. The nature of
those changes are left for future consideration.

A more intriguing situation is posed by the similar minimum require-
ments on the syllable and cell juxtaposed with their distinct temporal
structure. With respect to (8b), it is not just that any segment may
serve as the head of the syllable. Rather, a segment is eligible to serve as
the syllable head only if it meets some minimal sonority criteria. Given
that a single transition (of location) is the minimal requirement for a
transition unit to serve as a minimal cell, this comparison seems to imply
that some notion of sonority hierarchy is relevant to the visual phonol-
ogy. However, the parallel is short-lived because the role of sonority is
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not only for the syllable to identify a head, but also to impose order
on a string of segments. Given the temporal organization of the cell,
namely the simultaneous nature of its components, this latter property
of the sonority hierarchy is irrelevant in visual phonology. Unless it can
be demonstrated that sonority plays an analogous role in the spatial
organization of the cell, it seems unreasonable to count it among the
relevant phonological properties of signs.

In sum, the property of simultaneity in the visual mode is likely to
remain a major factor for differentiating two types of phonologies.

7.4 Universal Phonology

The theme that emerges from comparing the segment and transition
unit, and the syllable and cell, is the difference between their tempo-
ral and spatial properties. In the visual mode information is presented
simultaneously; in the spoken mode it is presented sequentially.

In the visual mode the phonological organization of spatial constructs
is more directly linked to the morphological and syntactic properties of
the language. For example, for some verbs the orientation of LSS in GSS
is crucial to the meaning of the sign. Given that the rate at which the
spoken articulators produce linguistic information outstrips the rate of
the manual articulators, a similar link between grammatical modules in
the spoken mode would be less critical. Thus it would appear that a
general principle of conservation on the rate of information presentation
across modes might hold on the language faculty, and that it will be
reflected in the underlying representation of language.

Recall now the difference in vision and hearing presented in Chapter
1 and repeated in (9). A visual image can be captured in a moment
at a discrete point in time, but a parallel does not exist for sound. In
contrast, both visual and audio images can be captured over an interval
of time.

(9)
Vision Hearing

Discrete point Discrete image ∗
in time (snapshot)

Interval Continuous image Continuous sound
of time (videotape) (audio-tape)
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It is now possible to understand how this asymmetry contributes
to differences between the constructs of the visual and spoken lan-
guage phonologies. In this work on sign language the organization of
the phonology is such that the atomic unit of the representation is a
single piece of information, either handshape, location, or orientation,
that defines the posture of the articulator at a discrete point in time –
in effect, producing a snapshot of a part of the articulator. The phonol-
ogy needs to have only a snapshot of the articulator at the start of the
gesture and another at the end of the gesture to represent a sign ges-
ture. General principles of the system apply to produce a continuous
gesture. In contrast, the spoken language phonology must be organized
to capture an image of the speech gesture – a task that requires the
representation of all parts of the articulator over an interval of time.
An image of the articulators at a specific point in time simply does not
have the same status in the spoken language phonology as in the visual
phonology. Determining how these distinct representational and orga-
nizational properties of the phonologies can be resolved to produce a
uniform theory of universal phonology is now the challenge for future
work.
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floating, 89
ipsilateral side, 70
local plane, 71, 89

locale, 110
location (LOC), 10, 82, 80–85, 151
location segment (L), 176, 211
lonely, 109
Lucas, 18, 67n

Mandel, 19, 28, 28n
manual alphabet, 24
manual articulator, 22–23, 151,

159
maximum sign, 152–159
McCarthy, 213
meet-you, 49
Meier, 161n
milk, 133
minimum sign, 159–161
mischievous, 26, 34, 41
modality, 4, 229
Mohanan, 3, 213, 239
Moraic Model, 177–191
mother, 36
movement, 19, 20

arc-shaped, 122–125
circular, 109–111
epenthetic, 159
straight, 106–109

Movement Hold (MH) Model, 191–
210

movement segment (M), 177, 194

Nagahara, 130n
Nederlands Gebarentaal (NGT),

33, 47
Newport, 102
no, 25
non-manual signals, 23
now, 38, 63, 66

O’Rourke, 18

object (obj), 162, 164, 168
old, 181
orientation (OR), 10, 87, 85–91,

151
hand, 49

Padden, 18, 161, 162n, 167
per-cent, 103
Perlmutter, 2, 4, 17, 100, 121, 145,

175, 177–191
person agreement, 161
Pfetzing, 24
plane of articulation, 58, 58–68
position segment (P), 176, 177
president, 63
Principle of Proportionality, 114,

152
print, 21, 30, 34, 41, 44
Pulleyblank, 213

rectangular prism, 10
reflection, see transformation, re-

flection
restaurant, 124
rigid body, 13, 111, 230
rigid body transformation, 13, 111,

230
role playing, 75
root, 166
root node, 193, 213
rotation, see transformation, rota-

tion

Sagey, 19, 24, 35, 36, 213
Sandler, 2, 4, 17, 19, 20, 22n, 24,

52, 80, 84, 85, 97, 97n, 121,
128, 134, 145, 152, 173, 175,
176, 178, 211–228, 234

secondary movement, 100, 102,
178–180

segment, 2, 5, 16, 236–240
modality-free, 192–193, 206
time, 193

segmental feature bundle, 194
selected finger, 8
self, 196
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sentence, 156
shutdown, 37
sign gesture, 23
Signed Exact English (SEE), 24,

107
signing space, 10–14
sonority, 3, 184–190
sorry, 57, 98, 101, 109
Stack, 4, 102, 121
Stewart, 111, 127, 173
Stokoe, 19, 19n, 20, 80, 191
subject (subj), 162, 164, 168
summer, 81
Supalla, 102
syllable, 2, 16, 160, 184–190, 240–

242
symmetry, 126–128, 152, 173
Symmetry Condition, 152, 173

Taiwan Sign Language, 33
thing, 86
think, 196
think-self, 197
thumb

opposed, 44–47
time unit, 151
Toole, 174
transfer-and-test, 2, 4, 175
transformation

reflection, 111, 152
rotation, 111, 230
translation, 111, 230

change in handshape, 129–131
change in location, 112–116
change in orientation, 138–141

transition unit, 15, 111–121, 151,
234, 236–240

doubled, see doubled transition
unit

orientation, 143–144
handshape, 131–132
location, 112–116
orientation, 139–141

translation, see transformation,
translation

twenty-one, 26

two-handed sign, 17n, 59, 84, 152,
154, 172–174

ugly, 81
understand, 129, 181
universal phonology, 1, 242–243
Uyechi, 108, 158n, 170, 174

Valli, 18
Van der Hulst, 2n
verb

agreement, 161, 161–172
morpho-phonology, 163–166

backward, 167–172
spatial, 170

visual morphology, 172
visual phonology, 1, 6
vowel, 177, 184–190

want, 27
Weyl, 127
Wilbur, 2, 4

Zawolkow, 24
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