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ABSTRACT 

There are two main hypotheses examined in the 

dissertation. The first is that the physiology of the hand 

provides motivation for the claim that sig'n language 

handshapes can be considered easy, hard or even impossible 

to articulate. The second hypothesis is that easy handshapes 

occur more often than expected,hard handshapes occur less 

often than expected and impossible handshapes don't occur at 

all within a single sign language. 

These hypotheses are examined in the following ways: 

first, I provide a detailed explanation of the physiology of 

the hand from which I conclude that not all fingers are equal 

in skill and not all configurations a hand may assume are 

equally easy. Second, based on the physiology, I propose a 

metric for determining which handshapes are "easy" and which 

are IIdifficult". Third, I examine whether the "easy" 

handshapes occur more often than expected, while the "hard" 

handshapes occur less often than expected in the signs of two 

languages, American Sign Language (ASL) and Taiwan Sign 

Language (TSL). I conclude that the hypothesis that the 

"easy" handshapes occur more often than expected and the 

"hard" handshapes occur less often than expected is supported 

in approximately half of the cases. 
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CHAPTER 1: 
INTRODUCTION 

1.0 OUtline of the Dissertation 

There are two main hypotheses examined in the 

dissertation. The first is that the physiology of the hand 

provides motivation for the claim that sign language 

handshapes can be considered easy, hard or even impossible to 

articulate (i.e., to produce). The second hypothesis is that 

easy handshapes occur more often than expected, hard 

handshapes occur less often than expected and impossible 

handshapes don't occur at all within a single sign language. 

These hypotheses are examined in the following ways: 

first, I provide a detailed explanation of the physiology of 

the hand from which I conclude that not all fingers are equal 

in skill and not all configurations a hand may assume are 

equally easyl. Second, based on the physiology, I propose a 

metric for determining which handshapes are "easy" and which 

are "difficult", Third, I examine whether the "easy" 

handshapes occur more often than expected, while the "hard" 

handshapes occur less often than expected in the signs of two 

languages, American Sign Language (ASL) and Taiwan Sign 

Language (TSL). I conclude that overall, the "easy" 

handshapes occur more often than expected and the "hard" 

lCompare a fist configuration with a configuration in 
which all five fingers are held straight, for example. 
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handshapes occur less often than expected and that th~ 

physically impossible handshapes don't occur at all. All of 

these steps are accomplished in the chapters of the 

dissertation, which are outlined here. 

1.0.1 Chapter by Chapter Outline 

Chapter One serves as 

dissertation. It provides 

a general introduction to the 

an outline of the entire 

dissertation, and a review of the literature which places the 

dissertation in the context of linguistic research on spoken 

and sign languages. As such, most readers will find a careful 

reading of Chapter One useful, if not crucial, before 

proceeding with the rest of the dissertation. 

In section 1.1, I discuss the suggestion that handshapes 

used in sign languages are analogous to linguistic sounds. If 

that is so, then the subfields of linguistics most directly 

~elevant to the study of handshapes are phonetics and 

phonology. I explain in Chapter One the parts of phonetics 

which the dissertation actually addresses: thus, I begin with 

a general discussion of the articulatory phonetics of sounds. 

The dissertation claims that ease of articulation of 

handshapes helps explain a linguistic phenomenon, namely' 

frequency of occurrence. Thus, I discuss cases from the 

spoken language literature in which ease of articulation is 

invoked to explain some phenomenon. Finally, I discuss the 

research which potentially characterizes ease of articulation 
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of sounds. 

The specific proposal I investigate in this dissertation 

(that the frequency of occurrence of a handshape can be 

explained by its ease of articulation) has not been 

explicitly advanced, though related questions have some 

history in the sign language literature. Section 1.2 places 

my proposal in the context of this earlier work. I review the 

literature which appeals to physical (physiological or 

perceptual) properties to explain first, some facts about 

signs as a whole and second, some facts about handshapes in 

particular. Finally, I discuss my proposal to use ease of 

articulation to explain the frequency of handshapes. 

Section 1.3 provides a summary of Chapter One. 

Chapter Two 

In order to construct a theory of ease of articulation 

for handshapes, the relevant aspects of the physiology of the 

hand must be examined. Chapter Two takes up this task, 

focussing on the anatomy of the hand and fingers including 

the. bones, joints, muscles and juncturae tendinurn. I show 

that the anatomy has particular physiological results. For 

example, the anatomical facts are that the thumb is well

supplied with muscles and mobile joints. The physiological 

result of this is that the thumb is the most mobile finger. 

It is also argued in Chapter Two that there is good 

motivation to say that the other four fingers are not "equal" 
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in terms of musculature and ability to assume various 

configurations. In addition, Chapter Two argues that all 

configurations are not II equal II i some require more muscle 

action than others. 

Chapter Three 

The physiology of the hand provides the basis for the 

construction of a model for determining the ease of 

articulation of many logically possible handshapes. The 

notion of logical possibilities is crucial to an 

understanding of Chapters Three, Four and Five. To explain, 

two things can be noted about the human hand. First, 

physiologically, fingers might be fully extended, fully 

closed, or any point in between (see discussion in sections 

1.2.2.1 and especially 2.3). Second, there are five fingers 

on the hand. Logically possible handshapes are those which 

could occur if each finger could combine in each 

configuration with any finger or set of fingers. Logically 

possible handshapes are not necessarily physically possible, 

or attested in any sign language. I consider two examples. 

First, consider a handshape which has a fully flexed thumb, 

a fully extended index, a middle finger which is flexed only 

at the knuckle, a ring finger which curls at the two joints 

nearest the fingertip, and a fully flexed pinky. Such a 

handshape seems physically possible (though uncomfortable!), 

and yet does not occur in any known sign language: but, 
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logically it could. Notice that taken together the fingers 

assume four different configurations in this handshape: there 

is exactly one finger which is fully extended, two which are 

fully flexed, one which is flexed only at the knuckle, and 

one which is flexed at both joints near the fingertip. This 

phonetic logical problem can be viewed from a (standardly 

considered) phonological standpoint as well. Recent theories 

have proposed distinctive features for each of the fingers, 

and each of the configurations. We expect that these features 

can combine freely. Thus, these feature theories predict the 

presence of handshapes such as the one described above. 

However, not all of these handshapes occur; in fact, few do. 

In the dissertation, I examine the logical possibilities to 

determine what role physiology plays in determining handshape 

inventories. 

Consider next a second set of examples: a handshape in 

which the index finger is fully extended with the rest of the 

fingers fully closed and a handshape which has an extended 

ring finger with the rest of the fingers closed. The first 

case (extended index finger with the rest of the fingers 

closed) is both logically possible and physically possible. 

The second case (extended ring finger with the rest of the 

fingers closed is logically possible), but as I show in 

Chapter Two, physically impossible. Notice that in this 

second set of examples, taken together, the fingers assume 
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two configurations: extended (the index, the ring) and closed 

(the rest of the fingers in both examples) . 

Since each of the five fingers can assume an infinite 

number of configurations from fully extended to fully flexed, 

there are an infinite number of logically possible 

handshapes. Clearly an infinite number of possibilities can 

never be examined. Thus, I limit my examination of logically 

possible handshapes in two ways. First ( although both sets of 

examples just discussed are logically possible, in this work, 

I do not consider handshapes which resemble that in the first 

example, in which more than two configurations occur in a 

handshape. Rather, I consider only handshapes in which taken 

together the fingers assume no more than two configurations, 

such as the handshapes in the second set of "examples. This is 

because the majority of handshapes in sign languages have no 

more than configurations (Mandel 1980). 

Second, rather than attempting to consider the infinite 

number o.f logically possible configurations a finger might 

aSSQme, from fully flexed to fully extended and every point 

in between, I assume (with most researchers) that there are 

four distinct configurations: fully extended, fully flexed, 

curved and bent (see discussion in 1.2.2.1) (for example, 

Corina and Sagey 1988, Sandler 1989). 

In the dissertation, I use the notion of logically 
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possible handshapes- the handshapes that (given the two 

limits discussed above) could occur in sign languages in two 

important ways. First, I assign each logically possible 

handshape an "ease score" in Chapter Three. Chapter Three 

proposes physiological criteria that are used to classify any 

logically possible handshape in terms of its ease of 

articulation. These criteria take into account muscle 

opposition in the handshape, and the abilities of each finger 

to act interdependently and independently of the other 

fingers. This model divides handshapes into three groups: 

those which are impossible, those which are do-able but 

difficult, and those which are easy. 

Second, armed with a theory of ease of articulation 

which groups handshapes in terms of difficulty, the next step 

is to see if ease of articulation alone closely correlates 

with the frequency of occurrence of the same logically 

possible handshapes. This is accomplished in Chapters Four 

and Five. 

Chapter Four 

Chapter Four tests a subset of logically possible 

handshapes to see if the "easy" handshapes occur more often 

than expected and the "hard" handshapes occur less often than 

expected in ASL and TSL. Therefore Chapter Four explains 

first, the method by which I have determined the expected 
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frequencies of handshapes. Second, it provides most of the 

ASL and TSL handshape data. In each subsection, Chapter Four 

examines two major sorts of handshapes: handshapes in which 

all of the fingers are doing the same thing (i.e. such as a 

fist), and handshapes in which there are two groups of 

fingers, each doing something different (i.e. such as the 

"thumbs up" handshape). (This is explained further in section 

1.1.1). The "two-group" handshapes are of two types: (i) 

those in which some fingers are closed (as in a fist) and the 

rest are either extended (straightened out completely), or 

somewhere in between (i.e., "bent" or "curved"; explained in 

section 1.2.2.1) and, (ii) those in which some fingers are 

extended and the rest are bent and curved. 

As discussed, I do not examine handshapes in which there 

are three, four or five groups of fingers. Such handshapes 

are certainly logically possible and some three-group 

handshapes are even attested. In all of the handshapes 

discussed in Chapter Four, the extended and curved fingers 

are spread apart from each other. Chapter Four shows that, in 

general, the "easy" handshapes occur more often than expected 

and the "hard" handshapes occur less often than expected. 

Chapter Five 

Chapter Five continues the examination of logically 

possible handshapes. In Chapter Five, I look at two 
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additional sorts of handshapes: (i) those in which some 

number of fingers are opposed to the thumb, while the rest of 

the fingers are either extended or closed and (ii) those in 

which some number of extended or curved fingers are unspread 

(that is, spread apart from each other with spaces in 

between) . Again, in general, the data supports the hypothesis 

that the easy handshapes occur more often than expected and 

the hard handshapes occur less often than expected. 

Chapter Six 

Chapter Six discusses the import of this dissertation, 

and the implications it has for research connected with 

current linguistic research in phonetics and phonology of 

spoken language and sign language. For example, the 

dissertation provides a model of ease of articulation for 

handshapes. Its properties will contribute to our 

understanding of physiological models of ease of 

articulation. A central claim of feature geometries is that 

certain groups of features are more closely related than 

others. There are two means of determining which features go 

together: first, their phonetic similarity and second, their 

phonological behavior. The physiological aspects of the hand 

discussed in this dissertation help to determine which of the 

handshape features co-occur and which cannot co-occur. Once 

the phonetic aspects of handshape features are clear, the 
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predictions as to what groups of features we should expect to 

participate in phonological rules are clear. 

The dissertation also has implications for feature 

theories. For example, Grounding Theory (Archangeli and 

Pulleyblank, in press) seeks to explain the feature 

combinations which are common in the world's languages by the 

phonetic properties of the features themselves. The more we 

find out about the articulatory and kinematic properties of 

sign languages, the more we create the opportunity to extend 

Grounding Theory to sign languages. This dissertation can be 

viewed as a first step in that process. 

The dissertation has implications for Optimality Theory 

(Prince and Smolensky 1992) as well, which seeks to explain 

phonological phenomena in languages by a series of 

constraints which delineate what the optimal forms would be. 

This dissertation can be viewed as an attempt to determine 

physiological optimality in handshape inventories. I explain 

each of these in more detail in Chapter Six. 
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1.1 The Dissertation in Context 

This section makes clear where the dissertation fits in 

the general context of phonetic research of spoken and sign 

language. Because the goal of the dissertation is to explain 

handshape frequency by proposing a phonetic theory of ease of 

articulation, I focus on three sub-areas of phonetic 

research: (i) the goals of articulatory phonetics, (ii) how 

"ease of articulation ll has been used in the explanation of 

spoken language phenomena and (iii) the characterization of 

ease of articulation in the spoken language literature. 

Phonological theories make use of the articulatory 

aspects of sounds. For example, an extremely important part 

of current theories of distinctive features for sounds, 

feature combinations, feature theories and feature geometries 

involves how sounds are articulated. Since the dissertation 

develops an articulatory phonetics of handshapes, it has 

implications for these aspects of sign language phonology. 

1.1.1 From Sign Languages to Signs; From Signs to Handshapes 

A natural sign language is a visual-gestural language 

indigenous to a community of Deaf people (Stokoe, Casterline 

and Croneberg 1965). Examples of natural sign languages are 

ASL, Chinese Sign Language (CSL) and TSL. A natural sign 

language is distinguished from an artificial signed system 

which attempts to represent a spoken language "on the hands" . 

Artificial signed systems such as Signed Mandarin or Signed 
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English rely on the syntax of spoken Mandarin and English. 

The "words" of natural sign languages are called signs. 

For our purposes, signs are gestures made with one or both 

hands. For some time, signs were thought to be unanalyzable, 

until the pioneering woyk of Stokoe (1960), which claims that 

every sign is composed of three aspects: handshape, location 

and movement. Later, a fourth aspect, palm orientation, was 

added (Battison 1974) . 

These four properties of a sign are motivated by the 

existence of minimal pairs in ASL. A minimal pair is a pair 

of words from the same language which are pronounced almost 

identically except for one difference and which have 

different meanings. Consider the English pair of words: time 

and dime. They meet the requirements for a minimal pair since 

they are pronounced identically, except for the first sound, 

and they have different meanings. The pair, time and dime, 

demonstrate that in English, the sounds /t/ and /d/2 are two 

of the "building blocks" from which to construct words. From 

additional comparisons of pairs of words, more English sounds 

can be discovered. 

Clearly, sign languages do not possess segments like /t/ 

and /d/. However, Stokoe (1960) used the idea of minimal 

pairs to demonstrate that signs were composed of identifiable 

2Traditionally, phonetic symbols for sounds are enclosed 
by slashes. 
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parts. To support the claim that these parts were location, 

handshape and movement, he showed that the relevant minimal 

pairs existed. For example, he showed that two signs might 

differ in movement, with the location and handshape the same. 

Two signs might differ in location, with handshape and 

movement the same. Finally I two signs might differ in 

handshape alone, with location and movement exactly the same. 

An example of a minimal pair in which handshape is different, 

with the rest of the sign the same, is given in (1). 

1. (pictures by James Myers) 

APPLE CANDY 

Hence, a hand shape is conceived as one of the parts of a sign 

in much the same way as a sound is part of a word. 

The term II handshape II refers to two characteristics of 

fingers in a given sign: their configurations and their 

groupings. The configuration of the fingers simply refers to 
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what each finger is "doing"3. That is, which of the finger 

joints are flexed (bent) or extended (straightened) . Starting 

at the palm and moving distally (i.e., outward from the trunk 

of the body) the joints in the index, middle, ring and pinky 

are the metacarpophalangeal joint or knuckle, the proximal 

interphalangeal joint, and the distal interphalangeal joint. 

The two joints in the thumb are the metacarpophalangeal joint 

and the interphalangeal joint. (These are discussed in much 

greater detail in section 2.1.2.) Different configurations 

result from various combinations of flexion and extension at 

these joints. 

The second characteristic of handshape has to do with 

which groups of fingers have the same configurations in a 

given handshape. For example, all five fingers of a handshape 

may be "doing the same thing" (Mandel 1981; Sandler 1989); 

that is, all in one "group" as in (2) 

2. (picture from Smith and Ting 1979:208) 

However, this does not have to be the case; there can be two 

3My use of "configuration" here is different from 
Sandler (1989), in which "configuration" means handshape + 
palm orientation. I mean simply whether the fingers are 
extended (straight) or in a fist, or at some point in between 
(i.e., what Sandler calls "position H ). 
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"groups" of fingers in handshapes as in (3) (Mandel 1981:81). 

3. (picture from Smith and Ting 1979:208) 

In the handshape in (3), one group of fingers is made up of 

the thumb and the index. The second group of fingers is the 

middle, ring and pinky which are all extended. (Notice that 

if the two groups did not assume different configurations, 

the handshape would not be a two-group handshape) . 

I limit the scope of this research to ASL and TSL two

group handshapes and relevant physiological/perceptual facts. 

Excluded from the term handshape and hence any discussion 

here are movement of the hand as a whole, wiggling of the 

fingers, orientation of the palm and location. 

Summarizing, spoken words and signs are formally 

id'2ntical. In the same way that words are composed of sounds, 

signs are composed of four parts: handshape, location, 

movement and palm orientation. In this dissertation, I focus 

on handshape alone. This does not imply that handshape is the 

sign language analog of "a sound"; the other parameters of a 

sign-- location, orientation and movement-- are also 

candidates. Handshapes have two components: how each finger 
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is configured, and which fingers group together. If a 

handshape is a part of a sign much as a sound is part of a 

spoken word, then handshapes, like sounds, are hypothesized 

to be part of the domain of phonetics and phonology. 

1.1.2 Phonetics of Spoken Languages 

This dissertation makes claims about the relative ease 

of articulation of handshapes. To place this notion in 

context, I discuss first, articulatory phonetics as it 

relates to spoken language, second, ease of articulation in 

spoken languages. 

One task of the science of phonetics is to discover the 

acoustic or articulatory properties of linguistic sounds. 

Acoustic phonetics is concerned with the physics of the 

soundvlaves produced when a sound is uttered. Articulatory 

phonetics is concerned with the way sounds are produced. I 

say no more here about acoustics and focus completely on the 

articulatory phonetic properties of sounds. 

Consider the picture in (4). 
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4. (picture from Ladefoged 1982:3) 

h _sorIPala~c ard palale -.... 
leelh (velum) 

I. ~Iveolar 
ridge uvula 

I 
\ 
}:I~ 

The principal parts of the upper surface of the vocal tract. 

One concern of articulatory phonetics is to classify 

similar speech sounds according to the way they are produced. 

The sounds Iml, Inl and INr are a set because they are 

nasals (i. e. I they are produced with the velum open or 

lowered) . Air leaves the lungs, rises through the vocal tract 

and exits the body through the nasal cavity. Not every sound 

is a nasal; the majority of sounds are oral (i.e. the velum 

is closed during their production). Because the nasal cavity 

is blocked by the closed velum, the air is forced to exit the 

vocal tract the only way it can, through the mouth. Some 

4The 'symbol "N" represents the final sound in the word 
"sing". 
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examples of oral sounds are Ip/, It I and Ik/. In addition to 

being oral sounds, Ip/, It I and Ikl are stops. To articulate 

a stop, the air rising from the lungs is completely 

obstructed for a short time at some location in the vocal 

tract. 

Let us examine these nasal and oral sounds more 

carefully. Phoneticians note that although the sounds Iml, 

Inl and INI share the property that they are nasals, they 

also differ from each other in place of articulation. Paying 

close attention to our pronunciation of each, we see that our 

vocal articulators behave differently in each case. To 

articulate Im/, the lips are completely closed. To produce 

In/, the tongue tip must touch the alveolar ridge, right 

behind the teeth. To produce IN/, the back of the tongue 

touches the velum. Thus Im/, Inl and INI resemble each other 

in that they are all nasal, and differ from each other in 

place of articulation. 

The ·stops too resemble each other in that they are oral, 

and they all require the occlusion of air at some location in 

the vocal tract. If we pay close attention to our 

pronunciation of stops, we see that the occlusion occurs at 

different places in the vocal tract: the lips for Ipl, the 

alveolar ridge for Itl, and for Ik/, the velum. 

Clearly, different set of sounds are related in 

different ways. For example, 1m nl are all nasals. Ip t kl 
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are all stops. In addition, 1m pi are labials, In tl are 

coronals and IN kl are dorsals. These particular labels are 

important: they directly reflect the physiology. "Labial" 

refers to the lips, "coronal" to the corona of the tongue, 

and "dorsal" to the dorsum of the tongue. 

Phonological research is concerned with the examination 

and explanation of the systematic manipulation of sets of 

related sounds, such as those above. In spoken languages, 

phonetics and phonology ideally inform each other about, and 

provide independent motivation for, their respective claims 

(Pierrehumbert 1990, Rischel 1990, Lindblom 1990: 139 and many 

others). Consider a pair of phonological rules like the ones 

in (5) and (6). 

5. mt ----> nt 
6. nt ----> mt (after Mandel 1979) 

In (5), a labial nasal becomes an alveolar nasal before an 

alveolar stop. In (6), an alveolar nasal before an alveolar 

stop becomes a labial nasal. Rules like the one in (5) abound 

across languages, while rules like the one in (6) are unheard 

of. This is not a surprise; perhaps the rule in (5) occurs in 

part to make the articulation "easier", since the 

articulators do not have to change position to produce the 

output in (5), as they do to produce the output in (6). This 

is an oversimplification, but the point is that most 

researchers believe that the study of the articulatory and 
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acoustic phonetics contributes to a deeper understanding of 

phonological data like those in (5) and (6). I discuss more 

about the interaction of phonetics and phonology in Chapter 

six. For the moment, I note that indeed, other linguistic 

facts cry out for an explanation for which ease of 

articulation sounds plausible as well. 

1.1.3 Ease of Articulation in Spoken LanguagesS 

There is no shortage of attempts to explain linguistic 

phenomena with some notion of ease of articulation. The 

problem is to arrive at an independently motivated definition 

of ease (Willerman 1991, Westbury and Keating 1986). This is 

necessary so that the explanation is not circular (i. e. , 

Which sounds are easy to articulate? The ones that are 

acquired first, or marked across languages, or marked within 

languages. Which sounds are acquired first, or marked across 

languages, or marked within languages? The ones that are easy 

to articulate.) Despite attempts to quantify certain aspects 

of ease (such as Lindblom 1978, 1983; Ohala 1974, 1983; 

Westbury and Keating 1986), an exact definition of ease 

remains elusive. In this section I explain first the 

phenomena which ease of articulation has been used to· 

explain, and second, the phonetic work which has attempted to 

SThis discussion owes much to a similar discussion in 
Willerman (1991). In addition, I thank Willerman for helpful 
discussion and comments on an earlier draft of this section. 



characterize which sounds are more effortful. 

1.1.3.1 What Ease of Articulation Explains 

37 

Ease of articulation has been thought to contribute to 

the explanation for various linguistic phenomena including: 

(i) inventory of linguistic sounds (ii) distribution facts 

about the phonetic makeup of different sized consonant 

inventories (iii) order of acquisition of phonemes by 

children (iv) certain phonological processes (v) rarity of 

some sounds across languages. I discuss each in turn. 

Inventory of Linguistic Sounds 

Lindblom (1990) discusses an old tautology in phonetics: 

the definition of a speech sound is simply, a sound which is 

used in speech. Lindblom suggests that in order to define 

"speech sound" in a non-circular fashion, we must examine the 

set of logically possible sounds of which speech sounds 

comprise a part. Previous research suggests that two 

situations conspire to make sound systems as they are; first, 

the listener wants to be able to understand what is being 

said and second, the speaker wants to be understood with the 

least amount of articulatory effort (for example, Ladefoged 

1982). Following Chafe (1970:25), Lindblom (1990:142) 

suggests that of the logically possible sounds (including 

crying etc.- Willerman 1991) speech sounds are just those 

that require the least effort to produce. 
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Phonetic Makeup of Consonant and Pronoun Inventories 

Lindblom and Maddieson (1988) examine the consonant 

inventories of a number of languages and find that the size 

of the inventory correlated to phonetic content of the 

inventories. For example, the phonetic character of the 

consonants in languages with a large number of consonants 

such as !Xu (95 consonants) is quite different from the 

phonetic character of consonants in languages like Hawaiian 

with an inventory of 8 (Willerman 1991:2) The consonants of 

!Xu include 48 clicks, some of which are nasalized, 

velarized, aspirated and glottalized. The Hawaiian consonant 

inventory is Ip k ? m nIh wi. Lindblom and Maddieson 

(1988:70) formalize their observation as in (7). 

7. Small paradigms tend to exhibit 'unmarked' phonetics 
whereas large systems have 'marked' phonetics. 

In an attempt to ascertain whether (7) would explain the 

phonetic content of other paradigms besides consonant 

inventories, Willerman (1991) examines the phonetic content 

of pronouns in 32 languages. As a closed-class grammatical 

category, pronouns are assumed to have a small paradigm size, 

versus the large paradigm size of an open class such as 

nouns. Willerman (1991:47) concludes that pronouns contain a 

greater number of simpler consonants than would have been 

predicted if the consonants in pronouns has been drawn at 

random from the consonant inventories of languages. 
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Order of Acquisition of Phonemes 

Locke (1980) provides data from three separate 

investigations, conducted years apart, which indicates that 

the same consonants are acquired (i.e., produced) early in 

three types of children (i) American children, (ii) children 

of language backgrounds such as Mayan, Luo, Thai and Japanese 

and (iii) deaf children. If such varied groups of children 

produce approximately the same sounds at the same time, 

something independent of language background or input must be 

responsible. Locke's suggestion is that some notion of 

physical ease of articulation causes the children to acquire 

the same sounds in roughly the same order. 

Phonological Processes 

Natural Phonology holds th~t processes occurring in 

natural languages are essentially getting rid of sounds or 

sound sequences which are in some way difficult (Stampe 

1979:vii; Schane 1973; Donegan 1985). For example, devoicing 

of voiced stops occurs in child language, and in second 

language pronunciation of voiced stops by speakers whose 

native languages do not have voiced stops. Voiced stops are 

relatively difficult to articulate (this is explained in 

section 1.1.3.2.). Nasal-spirant sequences, such as [ns] , are 

difficult to articulate because they require the IIrelease of 

the oral closure of the nasal tc coincide precisely with the 

closure of the velum ll
• This is remedied in one of two ways: 
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either by addition of a stop between the two sounds, or by 

producing a nasalized vowel instead of a nasal: [nts] or [Vs] 

(Stampe 1979:1-2) . 

Rarity of Sounds Across Languages 

Linguistic theory has long sought to explain the rarity 

of particular sounds and sound sequences across languages 

(Westbury and Keating 1986: 145) . One characteristic which has 

been attributed to such sounds is that they are most 

"natural" because they are "easier to either articulate or 

perceive ll (Westbury and Keating 1986: 145) . 

In addition to the hypothesis that ease of articulation 

explains why some sounds are rare and some are common across 

languages, other proposals have been advanced. For example, 

common sounds have been characterized as those which have the 

greatest acoustic energy (described in Maddieson 1984:50), 

and those which are the most distinctive (rarely confused 

with other sounds) (described in Maddieson 1984:70). 

Summarizing, I have explained some of the spoken 

language phenomena which ease of articulation has been 

invoked to help explain. In the next section, I explain how 

ease of articulation has been characterized. 

1.1.3.2 Characterization of Ease of Articulation 

Despite its popularity as an explanation for linguistic 

phenomena, the intuitively pleasing notion of "ease of 

articulation" is extremely difficult to quantify. Phonetic 
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research has shown that sounds are canonically produced in 

certain ways, for example, and even that certain sounds are 

more effortful than others. But linguists generally agree 

that these attempts have not yet adequately characterized 

ease of articulation (Ohala 1990: 260, Lindblom 1990: 148; 

Nelson, Perkell and Westbury 1983:945; Westbury and Keating 

1986:146). I outline five of these attempts here. 

Departure from Neutral Position increases Difficulty 

It has been claimed that the greater the displacement of 

an articulator from its neutral position, the more difficult 

the sound. Evidence comes from two sources: (i) the bite-

block studies, which concern the tongue displaced far from 

its normal position and (ii) the effect of the vocal cords 

displaced from their neutral positions. 

Departure from Normal/Neutral positions (The Bite-Block 
Studies) 

In the bite-block studies, speakers are asked to produce 

vowels normally and with their jaws restrained by a bite-

block. The formant values for bite-block vowels correspond 

very closely to those of normal vowels (Lindblom and Sundberg 

1971; Gay, Lindblom and Lubker 1981) (that is, the bite-block 

vowels sound like the normal vowels). To make the bite-block 

vowels sound like the normal vowels, subjects compensate for 

the lack of mobility in one area (the jaw) by exaggerating a 

gesture in another area (the tongue). This is known as 
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Sundberg 

1971: 1177). So for example, Iii is normally produced with the 

jaw relatively closed (Willerman 1991). When speakers' jaws 

are prevented from assuming this position because of the 

bite-block, speakers produce jil by using an exaggerated 

gesture of the tongue to compensate for the fact that their 

jaws are held open. These exaggerated gestures are referred 

to as II supershapes II (Lindblom and Sundberg 1971 i Gay, 

Lindblom and Lubker 1981). Lindblom and Sundberg (1971:1178) 

find that "characteristic of the supershapes is the 

antagonism between the tongue muscles and the jaw muscles". 

This research shows that people can produce the same 

vowel with either the normal shape or a supershape of the 

tongue. If this is so, then why is jij, for example, 

universally produced with a closed jaw (Willerman 1991:25, 

see also Lindblom and Maddieson 1988: 75). Lindblom and 

Sundberg (1971) maintain that the reason for this is that the 

supershapes are simply too difficult; they state "it is 

obvious that these supershapes are not physiologically 

optimal, and we should expect the system to strive for a 

minimization of such antagonism" (1971: 1178). The optimal' 

positions for the articulators are the ones in which the 

least displacement of articulators occurs. 

Departure from Neutral positions (Spontaneous Voicing) 

Some research suggests that ease of articulation has to 



43 

do with the displacement of articulators from their neutral 

positions. This has been discussed in the context of 

"spontaneous" voicing or non-voicing vs. "compensatory" 

voicing or non-voicing (Willerman 1991:37). 

A short review of voicing is in order. In order for 

voicing to occur, two conditions must be met. These are (i) 

that the vocal cords must be relatively close together and 

(ii) that there is air crossing over the vocal cords (Ohala 

1983:194). If either condition is not met, the air can leave 

the vocal tract without causing any vibration, and therefore 

no voicing occurs (Ladefoged 1975:2) . 

Spontaneous voicing occurs when both of the conditions 

above are met. When the vocal cords are close together and 

there is sufficient air flow to excite them, the sounds 

produced are spontaneously voiced. Spontaneously voiced 

sounds include: liquids, nasals, glides and vowels. Stops and 

fricatives are spontaneously unvoiced, since to produce them, 

the vocal cords are sufficiently tensed and set apart. It is 

expected then that (i) sonorants are naturally voiced and 

(ii) stops and fricatives are naturally unvoiced (Ohala 1983; 

Westbury and Keating 1986). Nevertheless, it is possible to 

produce both unvoiced sonorants and voiced fricatives and 

stops (Maddieson 1984). These compensations however are more 

effortful than the spontaneous versions (Willerman 1991:37-

38). Westbury and Keating (1986) explore the explicit 
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hypothesis that the voiced stops are less natural than 

voiceless stops. They conclude that "ease of articulation is 

probably not the primary determinant of phonetic form ... " 

(1986:164) . 

These ~tudies suggest that speech, like other motor 

behaviors; evol ves according to "minimum expenditure of 

energy or least effort" (Willerman 1991: 22 -23; see also 

Lindblom 1983:243; Lindblom 1990:149). 

Higher rates of displacement indicate difficulty 

Willerman (1991) explains the principle that to move 

the same distance in a shorter period of time, vs. a longer 

period of time, requires an increase in velocity. Because an 

increase in velocity is associated with greater force, it is 

associated with more effort. Experiments involving the rate 

of mandibular (jaw) movements bear on this. For example, 

Nelson, Perkell and Westbury (1984) have subjects repeat 

"sasa" as fast as possible several times. They find that 

subj ects attempt to reduce the time it takes to say II sasa" by 

trading the use of greater velocity (more effort) for shorter 

distance. That is, subjects do not increase their velocity 

(use more effort) in order to reach the goal of pronouncing 

"sasa". Rather, they move their articulators a shorter 

distance (i.e. reducing vowels for example) . This means that 

in order to speak faster, people will trade distance for 

speed rather than work harder. The conclusion is that higher 
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rates of displacement of the mandible indicate more 

difficulty, and that these are avoided. 

Higher Number of Articulatory Events per unit time 

Influenced by "articulatory phonology" (Browman and 

Goldstein 1985; 1987; 1990), Willerman (1991) reasons that 

the more articulatory events that must occur in order to 

produce a sound, the more effortful the sound. Browman and 

Goldstein claim that the behavior of the articulators, such 

as the velum, the tongue body, the lips and the glottis, can 

be represented as a "motor score" such as in (8). A motor 

score represents the articulatory gestures of various 

articulators during an utterance as separate "events" which 

must be coordinated in time. The motor scores for the word 

"palml! are pictured in (8). 



8. (from Browman and Goldstein 1990:345) 

Velie 
aperture 

Tongue Body 
constriction. 

degree 

Lip 
aperture 

Glottal 
aperture 

··.~·····>I 

( ::;'»./#,00) 
!,,~~~,,~ 

I·" I 
I I 

Time 

Gestures: 

velic closure 

velic opening 

pharyngeal constriction 

bilabial closure 

open 

! 
closed 

open 

! 
closed 

open 

! 
closed 

open 

! 
closed 

1:-:-:-:-:-:-:-:-:-:-:-:1 glottal opening and closing 

(b) 

Hypothetical gestural representation for" palm." (a) Symbolic gestural score, 
(h) hypothetical trajectories (closure is indicated by lowering). 
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Following this, Willerman (1991) suggests that the 

production of an ejective stop rather than a plain stop, for 

example, would require more instructions on the motor score. 

Therefore, an ejective stop would be more complex than its 

plain counterpart. 
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Greater Degrees of Articulatory Precision 

In Stevens (1971) the area of constriction above the 

glottis for various sound classes is measured and compared. 

Stevens reports that vowels require a constriction in a 

particular range. Fricatives however, must be constricted in 

an area far smaller than that for vowels. The fact that fine 

motor control for fricatives is greater than that for the 

vowels is interpreted by Willerman (1991) to suggest that 

vowels are easier to articulate than fricatives. 

1.1.3.3 Summary 

Section 1.1.3.1 discusses cases in which ease of 

articulation has been appealed to in the explanation of 

linguistic phenomena in spoken languages. For example, the 

inventory of linguistic sounds has been explained by an 

appeal to ease of articulation, as have distribution facts 

about the phonetic inventory of different sized inventories, 

the order of acquisition, some phonological processes and the 

rarity of particular sounds across languages. Each of these 

proposals claimed that ease of articulation played some role 

in the explanation of a linguistic phenomena but none of them 

provided an independently motivated characterization of ease. 

Section 1.1.3.2 discusses several attempts to characterize 

aspects of sounds which make them more effortful. For 

example, some of the characteristics of sounds which seem to 

make them more effortful are: the departure of an articulator 
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from neutral position, higher rates of displacement when an 

articulator moves, greater number of articulatory events per 

unit time during a particular sound, and greater degrees of 

articulatory precision for particular kinds of sounds. None 

of these characterizations provides a complete model of ease 

of articulation, since most examine only certain sounds. For 

example, All however make an attempt to characterize what it 

is about a sound which makes it more or less effortful. The 

research cited makes clear that if ease of articulation is to 

be used in linguistic explanation, it must be independently 

motivated. In this dissertation, I create an independent 

defini tion of ease of articulation and then use this in 

linguistic explanation. 

1.1.4 Phonetics and Sign Languages 

While linguists who study spoken language have a long

standing tradition of characterizing the articulatory 

properties of sounds, this has not been the case with sign 

languages in general and handshapes in particular. On the 

face of it, ASL phonology has received much attention; 

whereas ASL phonetics per se has received little. This 

section serves as a general introduction to the study of 

handshape phonetics. I discuss reasons for the lack of 

phonetic literature on handshapes, and reasons that this gap 

should be filled. Finally, I review the literature on 

phonetics of fingerspelling. 



49 

"Phonology" of sign languages has been the topic of 

considerable research (Sandler 1989, Brentari 1991, Liddell 

and Johnson 1989, Uyechi 1992 and many others). However, the 

phonetics of sign languages has gone virtually unnoticed (but 

see Mandel 1979, Wilcox 1992, and Ann 1991). There seem to be 

several factors to which this may be attributed. 

Linguists typically know little about the hand and 

forearm, the articulators of (the manual part of) signs 

(Wilbur 1987). This confounds the task of classifying 

handshapes into groups, perhaps the first tasks of a 

phonetics of h:mdshape. Recall that sounds made in the same 

place of articulation are included in one group, while sounds 

made in any other place of articulation are excluded from 

that group. Handshape phonetics would group handshapes that 

share certain characteristics; handshapes without that 

characteristic would be excluded from the group. Should 

classifications be made by perceptual similarities? Or 

perhaps by kinematic (the analog of acoustic) similarities? 

Or by articulatory similarities? In this dissertation I 

concentrate on articulatory similarities. 

In order to classify handshapes, we must discover what 

handshapes are logically possible. Of these, some will be 

physically impossible and some will be possible. These sets 

of handshapes tell us which aspects of handshapes can and 

cannot be combined. Next I we must question whether sign 
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languages use all of the physically possible handshapes, or 

a subset. If they use a subset, can it be characterized in 

some way? We must learn about the physiology of the hand and 

forearm in order to answer these questions. Knowledge of the 

physiology will allow us to formulate an articulatory 

phonetics of handshape. However, even in this realm, the 

issue of how to classify handshapes is not trivial: the 

physiology allows many possible categorizations of 

handshapes. Consider the handshapes in (9). 

9. (pictures by Kristina Moerdyk) 
(a) (b) 

In both of these handshapes, some fingers are flexed at the 

knuckle (i.e. in (9a) the ring and middle, in (9b) the 

middle, ring and pinky) . Thus, (9a) and (9b) could be said to 

be similar because the flexed fingers are flexed at the same 

place. But (9a) and (9b) might also be considered different 

from each other, because in each one, different fingers are 
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flexed (i.e. in (9a) the ring and middle vs. in (9b) the 

middle, ring and pinky). There are at least two ways to 

analyze the handshapes in (9). Ideally, the phonological 

rules in which handshapes like those in (9) participate would 

provide motivation for their phonetic classification. 

Another reason that phonetics has received so little 

attention is that the articulatory aspects of handshapes are 

so "visible". When speakers produce sounds, they are 

generally unaware of where they place their vocal 

articulators. This means that the most reliable information 

about the articulatory properties of sounds must be obtained 

by x-ray and other invasive methods. However, all of the 

articulators of sign languages are visible to the eye. This 

striking difference between the articulatory phonetics of 

spoken and sign languages is noted by other many researchers 

(Corina and Sagey 1988:56; Brentari 1990 to name a few). And 

it provides justification for the position that the phonetics 

of sign languages seems "obvious" and consequently known. 

Researchers have noted that it is not always clear that 

certain phenomenon has phonological status (Poser p. c. , 

Corina 1990:78-79). For example, a handshape assimilation in 

one particular sign or string of signs may not be obligatory, 

or it may not occur in other similar strings. This sort of 

evidence does not resemble that typically advanced in support 

of phonological claims made about spoken languages. Perhaps 
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our lack of knowledge of handshape phonetics sends us looking 

for the wrong phonological phenomena. And perhaps this is why 

we cannot be sure of the phonologicity of the handshape 

phenomena we find. 

The nearest we have come to discovering a phonetics for 

handshapes is a study of the phonetics of fingerspelling 

(Wilcox 1992:37). This examination of fingerspelling is 

relevant to a phonetics of handshape because fingerspelling 

involves the rapid sequential transmission of handshapes, 

each of which corresponds to a let ter of the alphabet. 

However, Wilcox (1992) is not concerned with the articulation 

of handshapes but rather the kinematics (roughly, the 

acoustics). As such, it is not directly relevant to the 

issues at hand, and I say no more about it here. 
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1.2 Physical Constraints in Sign Languages 

This section is divided into three subsections. First, 

I review the literature which discusses the general relation 

of the physiology of the hands and the visual constraints to 

the articulation of signs as a whole (not handshapes in 

particular). Second, focussing on handshape alone, I discuss 

previous appeals to the physiology of the hand in 

explanations of assorted handshape facts, that have to do 

with features, feature geometries, number of times attested 

within a sign language and order of acquisition by children. 

Third, I discuss two works which deal with handshape facts 

that lend themselves to a discussion of the physiology of the 

hand, but in which the physiology was not explicitly appealed 

to. 

1.2.1 Visual and Physiological Constraints on Signs 

An understanding of the role of anatomy and kinesiology 

of the hand and arm in the phonology/phonetics of sign 

languages requires familiarity with fields of inquiry in 

which few linguists are comfortable (Wilbur 1987:28). Even 

so, the idea that physiology affects various aspects of sign 

languages has some history in the literature. This section 

reviews the literature dealing with how visual constraints 

govern signs and second, how physiology of the hand and 

forearm constrain aspects of the form of signs. 

Battison (1974:11-12) makes reference to a IIsystematic 
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formational component of sign languages, [which] deals with 

the physical formation of the individual signs ... 11 Further, 

he calls for discovering "the relation between the form of 

the signs and the dynamics of the machine which articulates 

them- the human body". Battison (1974: 19-20) specifically 

suggests that one of the goals of a phonological description 

is to "seek motivation for these structures and constraints 

in the articulatory and perceptual processes which encode and 

decode the forms of the language." Examination of the 

literature turns up two claims that signs are formed in a 

particular way as a result of physical factors. Though 

neither makes use of a notion of "ease", both assume that 

signs tend to be articulated in a particular way because any 

other way would be harder to perceive (Siple 1978) or to 

produce (Mandel 1979). I discuss each in turn. 

Siple (1978) relates various aspects of the structure of 

ASL to visual constraints. Specifically, she claims that 

visual constraints define the areas in the signing space 

which are easiest and hardest to see (i.e. areas which have 

a high or low degree of visual acuity, respectively.) At the 

"point of fixation" (Le., where the signer is looking), 

acuity is best. As the distance from the point of fixation 

increases, acuity decreases (Siple 1978:97). Assuming that 

the fixation point for signers is the face, the area around 

the face is a high visual acuity area. The area around the 
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waist, then, is a low visual acuity area. Siple predicts that 

IIvisually similar ll pairs of signs will be produced in the 

high acuity areas of the signing space, since they will be 

easy to distinguish. Siple defines visually similar signs as 

almost-identical signs, except for small distinctions, such 

as between locations or handshapes. For example, two almost

identical signs, except that one is produced at the chin and 

one at the cheek, are visually similar. Two almost-identical 

signs, with handshapes with different numbers of extended 

fingers, are visually similar. For example, in the handshape 

in ASL RED, the index finger is extended and the rest of the 

fingers are closed (i.e., the II Gil handshape in ASL 

literature). In the handshape in ASL SWEET, both the index 

and middle fingers are extended with the rest of the fingers 

closed. Pairs of signs which differ visually are those which 

have larger differences in their formation. These need not be 

produced in areas which are easy to see; rather they can be 

produced in areas that are harder to see. Siple (1978:101) 

claims that the data in the DASL confirms her predictions, 

but does not cite the actual data. 

Mandel (1979:20) discusses a subset of the signs which 

have handshape change as well as path movement. Consider the 

TSL sign GAOSU 'tell' in (10). A handshape change occurs; 

that is, a handshape in which all of the fingertips touch 

each other opens into a handshape in which the fingers are 
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extended and spread. Path movement also occurs; that is, the 

hand starts in a position in front of and close to the 

signer's body, and moves to a position about a foot in front 

of the signer's body. 

10. (picture from Smith and Ting 1979: 78) 

Mandel predicts how signs with both handshape change and path 

movement, such as the one in (10), will move in space. He 

bases this prediction on the well-known kinesiological 

phenomenon of tenodesis. 

Tenodesis refers to the fact that muscles which pass 

over and act upon some number of joints are not long enough 

to permit all of the joints to move as much as they are able 

at the same time (Galley and Forster 1987:38i Wells 

1966:293). This causes a "pulley effect" (Nells 1966:65-66), 

in which actions occur not because they are directly 

performed but because they are forced to occur by "remote 

control", as with a pulley. Tenodesis occurs in various 

places in the bodYi the example relevant for Mandel occurs in 
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the hand. The extrinsic muscles of the hand (i.e. those which 

originate not in the hand, but in the forearm) are the 

extensor digitorum communis, and the flexors digitorum 

profundus and superficialis. Both flexors are located on the 

palmar (volar) side of the hand. The extensor is located on 

the dorsal side (back) of the hand. Each of these muscles 

crosses, and therefore acts on, the wrist joints (i.e., the 

radiocarpal joint and the carpometacarpal joint) and some/all 

of the joints in the fingers. However, none of the extrinsic 

muscles are long enough to allow both the wrist and the 

fingers to either completely flex, or completely extend at 

the same time. 

This can be seen easily by doing the following. Place 

the elbow on a table, letting the hand fall forward in space 

at the wrist naturally as shown in (11). Now, flex the 

fingers, and notice that the wrist automatically extends 

(straightens) as shown in (12) . This is because of tenodesis: 

the flexors are not long enough to comfortably let both the 

wrist and the fingers flex. Therefore the wrist extends when 

the fingers flex. The opposite is also true: the fingers tend 

to extend when the wrist flexes. 

11. (pictures by Kristina Moerdyk) 
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12. 

The physiological tendency is that either the wrist will 

be flexed and the fingers extended, or the wrist will be 

extended and the fingers flexed. Thus, finger flexion and 

wrist extension tend to go together, as do finger extension 

and wrist flexion. Conversely, finger flexion and wrist 

flexion and wrist hyperextension and finger extension tend to 

work against each other. 

Mandel (1979) proposes that tenodesis has effects in the 

production of signs such as the one in (10) with both path 

movement (through space) and handshape change. His 

predictions specifically concern the co-occurrence of a 

particular direction of path movement with a particular sort 

of handshape change. He hypothesizes that in a sign in which 

the handshape changes from closed to extended, the wrist 

tends to flex, moving the hand forward (defined by Mandel as 

the direction that the palm is facing). Conversely, in a sign 

with a handshape change from extended to flexed (i.e., from 

extended to closed), the wrist tends to extend and therefore 

the palm moves backward (in the direction that the back of 

the hand is facing). Thus, a closing of the fingers should 

co-occur with a path movement through space in the direction 
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the back of the hand is facing, as shown in (13). An opening 

of the fingers should co-occur with a palmward path movement 

as shown in (10). Mandel hypothesizes that this should hold 

regardless of the orientation of the hand. 

13. (picture from Humphries, Padden and O'Rourke 1980:201) 

Mandel's investigation of the DASL reveals that of the 62 

signs with either opening or closing of the fingers, and path 

movement through space, 46 signs favor tenodesis and 16 

oppose it (Mandel 1979:22U). Mandel takes this to be a clear 

pattern for which tenodesis is the likely explanation. 

summarizing this section, we see two hypotheses, which 

appear to be borne out, about how the particular form of a 

sign or set of signs is affected by perceptual or 

articulatory factors. One hypothesis which has to do with 

perception (Siple 1978) claims that sets of visually similar 

signs occur in the areas in the signing space which are 

easiest to see. A second hypothesis which has to do with 

articulation (Mandel 1979) makes claims as to why particular 
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path movements and handshape changes co-occur. 

I turn now to a discussion of the relevance of aspects 

of the physiology of the hand, and secondarily the forearm, 

to the articulation of handshape alone. 

1.2.2 Physiology and Handshape 

This section reviews the literature making appeals to 

the physiology of the hand and forearm in the explanation of 

various handshape facts. I concentrate here on handshape 

alone, and exclude discussion of any other aspect of signs. 

First, I discuss the accounts of handshape facts which 

explicitly appeal to the physiology. These handshape facts 

concern: (i) motivation for phonological theories about 

handshape features and feature geometries, (ii) markedness of 

certain handshapes within a language and (iii) order of 

acquisition of handshapes. Second, I discuss some accounts of 

other handshape facts which might have appealed to the 

physiology of the hand in their explanations, but did not. 

These include (i) the pattern of which fingers go together in 

handshapes and (ii) handshape markedness across sign 

languages. Finally, I discuss my proposal: first, that it is 

possible to quantify ease of articulation of handshapes and 

second, that easy handshapes occur more often than expected 

and hard handshapes occur less often than expected within a 

single sign language. 
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1.2.2.1 Handshape Features and Feature Geometries 

Most distinctive features in spoken language are 

defined articulatorily, Similarly, several proposals have 

defined handshape features in articulatory terms as wel16. 

Here, I review some proposed handshape features that make an 

explicit appeal to some aspect of the phy~i::;'~gy of the hanrL 

I discuss several proposals which describe the four 

configurations in (14) through (17) which fingers may assume 

in ASL. First, the fingers can be "open,,7, as shown in (14). 

(pictures in (14) through (17) from Smith and Ting 1979:208) 

14. 

Second, the fingers can be "curved", as shown in (15). 

15. 

Third, the fingers may be "bent", as shown in (16): 

6A few exceptions use perceptual evidence (Lane, Boyes
Braem and Bellugi 1976; Stungis 1981; Moy 1990; Brentari 
1990) to propose sets of features. 

7Here I use the terms "open, closed, bent and curved ll to 
refer to the finger positions, because they are intuitively 
descriptive of the handshapes. By use of these terms I do not 
assume either Corina and Sagey's (1988) proposal or Sandler's 
(1987) proposal. 
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16. 

Finally, the fingers may be 1Jclosed1J, as shown in (17). 

17. 

In Liddell and Johnson's (1989:225) description of how 

these configurations differ from each other, they discuss the 

1Jproximal joint 1J and the "distal joint 1J . For example, they 

explain that (15) is different from (16) in that in (15) the 

1Jproximal joint 1J is extended while the 1Jdistal joint 1J is 

flexed, and in (16) the 1Jproximal joint 1J is flexed while the 

1Jdistal joint 1J is extended. From this, it is clear that the 

term 1Jproximal joint 1J refers to the metacarpophalangeal joint 

(i.e. knuckle) and "distal joint 1J refers to the proximal 

interphalangeal and distal interphalangeal joints. Liddell 

and Johnson's reference to a distal joint (not joints) 

reveals their tacit understanding that the proximal 

interphalangeal joint and the distal interphalangeal joint 

work together (except in a few cases discussed in section 

2.3.4). A feature or set of features which controls the 

distal interphalangeal j oint and the proximal interphalangeal 

joint each independently has never been proposed. There is 
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ample physiological justification for this, as I discuss 

further in Chapter Two. 

Sandler (1989) and Corina and Sagey (1988) propose 

feature systems which describe the handshapes (14) through 

(17). Sandler (1989) proposes four monovalent features: 

[open], [closed], [bent] and [curved]. Fingers like the ones 

in (14) are [+ open], the handshape in (15) is [+ curved], 

the handshape in (16) is [+ bent] and the handshape in (17) 

is [+ closed]. Presumably, the presence of one of these 

features assumes the absence of all the rest (Corina and 

Sagey 1988:14) . Note that in Sandler's proposal since each of 

the configurations has a totally separate feature, phonetic 

similarities between handshapes are obscured. 

Cor ina and Sagey (1988:13) point out that the handshapes 

in (14) and (15) have something in common. The handshape in 

(14) is not flexed at any joint, and the handshape in (15) is 

not flexed at the knuckle joint, but it is flexed at the 

other joints. Therefore, (14) and (15) share a physiological 

similarity: no flexion at the knuckle joint. Handshapes like 

(16) are flexed at the knuckle joint and extended at the 

other joints; they share a physiological similarity with 

handshapes like (17), which is flexed at all the joints, 

namely flexion at the knuckle joint. To describe the 

configurations in (14) through (17), and at the same time 

encode the facts that certain of the handshapes share 



64 

physiological characteristics, corina and Sagey propose two 

bivalent features, [bent] and [curved]. Handshapes like the 

one in (14) are [-bent, -curved]. Handshapes like the one in 

(15) are [-bent, +curved]. The handshape in (16) is [+bent, -

curved] and the handshape in (17) is [+bent, +curved]. 

Phonetic similarity between certain handshapes is one 

motivation for having these handshapes share a feature. So 

(14) and (15) share the feature [-bent], and (16) and (17) 

share the feature [+bent]8. 

Another example of an appeal to the physiology related 

to a feature is the case of [spread]. The feature [spread] 

controls whether or not the fingers are spread apart from 

each other, or up against each other with no space in 

between. Several restrictions on the application of [spread] 

are relevant: first, [spread] can only apply to more than one 

finger (Corina and Sagey 1988), second, [spread] can only 

occur with extended or curved fingers but not with bent 

fingers 9
." Reasons for these restrictions on the application 

SThe question remains whether the phonetic observations 
are phonologically significant in ASL; that is, whether the 
phonology treats all of the [-bent] handshapes in a similar 
way and all of the [+bent] handshapes in a similar way. Such 
phonological evidence remains to be discovered. 

9Kegl and wilbur (1976: 382) note that "the feature 
[spread] is only relevant to [+extended] handshapes, [
extended] handshapes are redundantly [- spread] ". I interpret 
the statement to mean "in handshapes in which the fingers are 
closed, they are not spread. It is only possible for fingers 
to be spread if they are extended." 
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of [spread] have not yet been fully explained in the 

literature. 

Many researchers have noted that fingers can act 

relatively independently in handshapes. For example, in the 

handshapes for ASL numbers 6 through 9, each of the four 

fingers singly opposes the thumb as in (18). 

18. (pictures from Humphries, Padden and O'Rourke 1980:237) 

SIX SEVEN EIGHT NINE 

This fact has been encoded in distinctive feature systems by 

five features, one for each finger: [Thumb] , [Index] , 

[Middle], [Ring] and [Pinky] (Mandel 1981; Corina and Sagey 

1988; Sandler 1989 and others.) 

We see that certain features can co-occur (such as 

[extended] and [spread]) and other features cannot co-occur 

(such as [closed] and [spread]). This suggests that some 
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features are more closely related than other features. There 

is a proposal for nodes in a feature geometry for handshapes 

which appeals to the physiology to explain the grouping of 

fingers in handshapes (Corina and Sagey 1988:20). They claim 

that some fingers are more independent than others and 

attempt to capture this fact by appealing to a feature 

geometry representation, in which related features are 

sisters under one node. Unrelated features are more distantly 

related. (This is discussed further in section 1.3 and 

Chapter Six.) Specifically Corina and Sagey (1988) propose 

that the Radial node dominates the Index and Middle fingers 

and the Ulnar node dominates the Ring and Pinkylo as shown 

in (19). 

19. ~ngers 

ThumD 0 Radial 0 Ulnar 

In~ddle R~nkY 
This partitioning of the fingers makes good physiological 

sense: as physiological evidence for the nodes, Corina and 

Sagey (1988: 20) claim that two different motor efferents 

lOSandler's (1989) feature geometry also includes an 
unnamed node which dominated the index and middle fingers; 
this corresponds to Cor ina and Sagey's (1988) Radial Node. 
Sandler (1989) offers no physiological justification for the 
node however. 
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(nerves) contrcl the radial fingers and the ulnar fingers. 

They do not discuss this point further. 

1.2.2.2 Markedness Within a Language 

The goals of Mandel's (1981) analysis of handshape are 

to "facilitate the description of variation, historical 

change and morphophonology" (1981:81) . He describes 

handshapes "underlyingly in terms of their general 

configuration, leaving as much of the detail as possible to 

anatomical and perceptual requirements" (1981: 81). These 

requirements are based on physiological facts, and take the 

form of hierarchies, which function as markedness conventions 

(1980:79-80). Mandel proposes four hierarchies: Number of 

Fingers Hierarchy, Extension Hierarchy, Flexion Hierarchy, 

and Opposition Hierarchyll. The hierarchies "act upon the 

underlying general specifications to determine just what 

fingers are to be used, and to some extent what positions 

they are to assume" (1981:81). The Extension, Flexion and 

opposition Hierarchies rank each of the four fingers singly 

in terms of its ability to assume an extended, flexed or 

opposed configuration. I discuss each of the four hierarchies 

in turn. 

llMandel (1981) does not include a hierarchy for bending 
or for curving. This is because in his proposal both 
configurations are considered more or less extended, relative 
to the other fingers in the handshape. 
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The IINumbers of Fingers Hierarchy" proposes that the 

least marked number of fingers working together in a 

handshape, whether the handshape is open or closed, is either 

o or 4. Examples of handshapes in which 0 fingers work 

together are pictured in (20). 

20. (fist and thumbA from Smith and Ting 1979:208) 
(fingerspelled A from 1980:235) 

~)f? ~ 
fist fingerspelled A thumbA 

Mandel does not distinguish the handshapes in (20) from 

handshapes such as the one in (21), with 4 fingers used in 

the handshape. This is because it is not clear whether the 

four fingers or the 0 fingers are selected or unselected (see 

explanation in section 3.2.1), but it is also not clear that 

such a distinction matters (1980:88). 

21. (picture from Smith and Ting 1979: 208) 

The next least marked number of fingers in the hierarchy is 

1. Examples of handshapes in which one finger does something 

and the other fingers do something else are not given in 

Mandel. Presumably, they are handshapes such as the one in 

(22) . 
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22. (picture from Smith and Ting 1979:208) 

The next least marked number of fingers in the hierarchy is 

2. Again no examples are provided; presumably a handshape 

like the one in (23) would be an example. 

23. (pictures from Smith and Ting 1979:208) 

Finally, the most marked number of fingers in a handshape is 

3. Mandel claims three-fingered handshapes occur only in 

fingerspelled M and W pictured in (24). 

24. (pictures from Humphries, Padden and O'Rourke 1980:235) 

fingerspelled M fingerspelled W 

~M 
Mandel proposes no particular physiological reason for the 

"Number of Fingers Hierarchy". Rather, he attempts to capture 

the idea that four-finger handshapes, three-finger 

handshapes, two-finger handshapes and one-finger handshapes 
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are not equally popular in ASL. 

The "Extension Hierarchy" (1981:100) ranks each of the 

four fingers in terms of least to most marked with respect to 

extension. The index finger is assigned the first place in 

the hierarchy, since for the index finger to be extended is 

the least marked of the four fingers. This is attributed to 

the fact that the index finger has its own extensor muscle, 

the extensor proprius indicis. The pinky is the second in the 

Extension Hierarchy because it also has its own extensor, the 

extensor digiti minimi. Mandel places the pinky in second 

place because although the pinky is relatively independent, 

it is "tied to the ring and through the ring, to the middle" 

(1981:100). Mandel does not elaborate on the ties of the 

pinky to other fingers or their effects. The remaining 

fingers to be positioned in the hierarchy are the middle and 

ring. The positioning of the middle as the higher of the two 

is justified physiologically by the fact that the middle 

finger is next to the index finger, which Mandel notes is 

very independent. This leaves the ring finger as the most 

marked finger with respect to extension. 

The idea behind the "Opposition Hierarchy" follows suit. 

The "most opposable" finger is the index, with the middle 

next most opposable. Mandel does not place the ring and pinky 

in the hierarchy, because their positions are unclear. This 

is because each has a characteristic that might make it next 
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in line. That is, the ring is closer to the thumb than the 

pinky and therefore seems more opposable than the pinky. The 

pinky is farther away from the thumb than the ring, but it is 

equipped with a muscle, the opponens digiti rninimi, which 

helps it to oppose the thumb. 

Finally, Mandel's (1981) "Independent Flexion Hierarchy" 

governs the flexion of a finger without opposition. Mandel 

claims that the middle finger is the freest in this regard. 

He notes that both the index and pinky have their relative 

extensors to hold them up, and that the ring is tied by 

ligamentous connections to other fingers. In contrast, the 

middle, the longest finger, can reach out "far enough to be 

distinguished". Mandel claims that the index and ring are 

closely tied for the next position in the hierarchy. The 

pinky occupies the final place in the flexion hierarchy 

because it is the least free, since it is tied to the ring. 

No more than this is said about the physiology of the 

fingers. 

The problem with Mandel's (1981) account of the 

physiology of the hand is that the physiological motivation 

behind the handshape hierarchies is not clear. For example,' 

the claim that certain fingers are less free than others is 

explained by the assertion that a relatively un-free finger 

has "ligamentous ties" to other fingers. But Mandel doesn't 

explain more than this. (Indeed, there is good reason for 
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this, since the physiological literature suggests the 

juncturae tendinum, (i.e. Mandel's "ligamentous ties ll ) are 

poorly understood.) In the absence of a more complete account 

of the physiology, we simply must believe that the effects of 

the ligamentous ties are as Mandel (l981) claims. 

1.2.2.3 Order of Acquisition of Handshapes 

Several studies have investigated the acquisition of 

handshape (Boyes-Braem 1973, 1991; McIntire 1977; Carter 

1981; Von Tetzchner 1984) and come to many of the same 

conclusions. Boyes-Braem (1991) showed that an American Deaf 

child acquired (i. e ., was able to produce) certain handshapes 

in stages. At Stage I, the handshapes in (25) are acquired: 

25. (pictures in (25) through (28) from Boyes-Braem 1990:112-115) 

~ ~@~~ 
A s ~ G C 

Sta~e I handsh:lpcJ 

Boyes-Braem notes that the Stage 1 handshapes involve the 

manipulation of the hand as a whole, or the radial fingers 

(which she considers the thumb and index (1991: 111) ) . At each 

of the next three stages, progressively more complex 

handshapes are acquired. In Stage Two, Boyes-Braem claims the 

IIleast complex ll of the remaining handshapes are acquired as 

in (26). 



73 

26. 

Stage 11 hand1l''I3peS 
o 

In Stage Three, the child begins to manipulate the ulnar 

fingers (which Boyes-Braem considers the middle, ring and 

pinky) separately rather than treating them as a unit (Boyes

Braem 1991:113). (Notice that the <middle, ring and pinky> 

are all either closed or extended in Stages One and Two) . The 

Stage Three handshapes are pictured in (27). 

27. 

~ ~~~ ~(1~ ~ 
3 V H w 

Sla!c 111 handshapcs 

In Stage Four, the child "learns to activate and inhibit 

independently and out of serial order the weakest of the 

ulnar group, fingers 2 and 3" (the middle and the ring). The 

Stage Four handshapes are given in (28). 
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28. 

Open 8 R 

Boyes-Braem (1991:126) associates the order of 

acquisition of some handshapes attested in ASL with the 

physiology of the hand. Her discussion of anatomy includes 

some attention to muscles and some attention to the 

radial/ulnar distinction. She points out that the index and 

thumb are radial, since they are on the same side of the arm 

as the radial bone. The other three fingers are ulnar, since 

they are on the same side of the arm as the ulna. She also 

explains that the thumb, index and pinky have extra muscles 

which extend them that the middle and ring do not have. 

In any case, Boyes-Braem does not make an explicit claim 

that the ease of articulation of a handshape has a relation 

to the earliness of its acquisition. In fact, although Boyes-

Braem's data is suggestive, a theory of ease of articulation 

cannot be constructed from it alone. There are two reasons 

for this: (i) the physiology is not discussed in enough 

detail to deal with handshapes unattested in ASL but attested 
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in another sign language and (ii) only attested handshapes 

are considered. 

All of the work cited above indicates that an 

understanding of the physiology of the hand contributes to an 

explanation for some handshape facts. None of the proposals 

gives an accurate and complete account of the physiology of 

the hand. If the physiology of the hand is not made clear, 

the case that it has a role to play in the explanation of 

some set of facts cannot be made coherently. Second, none of 

the accounts considers the logically possible handshapes; 

rather, they all examine some set of attested handshapes. 

Since unattested handshapes are ignored, a major part of 

useful data is missing. Essentially then, we do not know 

which of the logically possible handshapes are in the set of 

handshapes which are attested, and which are in the set of 

handshapes which are NOT attested. Without this information, 

it is difficult to make generalizations about either the 

attested.or the unattested handshapes. In the theory of ease 

of articulation developed in this dissertation, I show that 

examination of logically possible handshapes yields 

information about the set of attested handshapes and 

unattested handshapes. 

1.2.3 Other Handshape Facts 

Several phenomena have been discussed in the literature 

which might have appealed to a physiological explanation, but 
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did not. I explain those here. 

1.2.3.1 Fingers Which Pattern Together 

An illustration of the fact that researchers realize 

that random combinations of fingers are not used in 

handshapes appears in Cor ina and Sagey (1988:10) who, after 

some discussion of what fingers are "specified" concur with 

Brentari (1988), somewhat impressionistically, that licit 

handshapes "tend to have a specified index finger in addition 

to whatever else." 

A more complicated account of which fingers act together 

in handshapes can be found in Kegl and Wilbur (1976). Kegl 

and Wilbur (cited in Mandel, 1981:101) propose the Adjacency 

Convention to explain this. The Adjacency Convention (further 

explicated in Wilbur (1987» is part of a feature system made 

up of the following features: [extended] , [closed] , 

[2adjacent] and [3adjacent] . The [extended] feature refers to 

some unspecified number of fingers which are extended. The 

feature [closed] refers to some unspecified number of fingers 

which are closed. The features [2adjacent] and [3adjacent] 

specify the exact number of fingers, excluding the thumb, 

which are adjacent and "relevant" in handshapes that are 

[+extended]. Kegl and Wilbur claim that a relation exists 

between [+closed] or [-closed] and the features 

[2adjacent]/[3adjacent]. So for example, if in a particular 

handshape, the combination of features [+closed], [+extended] 
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and either [2adjacent] or [3adjacent] is assigned, the 

counting of fingers starts at the index edge of the hand. A 

handshape which has the features [+extended], [-closed] and 

either [2adjacent] or [3adjacent] starts counting at the 

pinky edge. The features [2adjacent] and [3adjacent] are not 

relevant for handshapes which are [-extended]. Though Kegl 

and Wilbur (1976) do not make explicit reference to 

physiological facts about the fingers in explaining their 

observations, they clearly see a pattern in what fingers are 

acting together in handshapes. 

1.2.3.2 Crosslinguistic Handshape Markedness 

Boyes-Braem's ([1973] 1991) proposal groups handshapes 

into four stages of acquisition. From this, Woodward (1978; 

1982; 1985; 1987) hypothesizes that handshapes acquired in 

later stages of acquisition ought to be the same set as those 

that are marked crosslinguistically. Woodward does not test 

all of Boyes-Braem's handshapes; rather, he examines 

logically possible sets of handshapes. For example, Woodward 

(1985) examines "single finger contact" handshapes such as in 

ASL SIX, SEVEN, EIGHT and NINE, pictured in (29). 
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29. (ASL) SIX SEVEN EIGHT NINE 

Woodward (1987) examines handshapes in which each logically 

possible set of two fingers (excluding the thumb) are 

extended with the rest of the fingers closed, including those 

pictured in (30). 

30. (pictures from Smith and Ting 1979:208) 

Woodward (1978) examines IIsingle finger extension ll 

across ten sign languages, in which one finger- that is, each 

one of the four fingers, excluding the thumb- is extended12 . 

12Two points here: first, though Woodward does not 
specify, I assume that the other fingers in these handshapes 
are flexed all the way to the palm. Second, I make the point 
in Chapter Two that in fact it is physically impossible to 
fully extend the middle and ring fingers. Undoubtedly in 
Woodward's handshapes, the middle and the ring are flexed at 
the knuckle joint, and extended at the other two joints. In 
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He predicts that the extended index will be unmarked across 

sign languages, since it is acquired in Stage One. 

Conversely, he predicts that the extended pinky will be 

relatively marked across languages, since it is acquired in 

Stage Three. Finally, Woodward predicts that middle and ring 

extension across sign languages will be the most marked 

(1978:294) . Woodward finds that the extended index finger is 

indeed the least marked single finger extension handshape. 

This is followed by the pinky, the middle and the ring, in 

that order. Thus Woodward's predictions are confirmed. 

Woodward (1982) predicts that the set of handshapes 

acquired in Boyes-Braem's Stage Four would be relatively 

marked across languages. Looking at nine sign languages, he 

finds that the Stage Four handshapes are indeed marked. 

However, Woodward argues (1982: 17) that two of the Stage Four 

handshapes, X and 8 might be given a different category from 

the rest, since they are considerably less marked than R, T 

and 7. All are pictured in (28). Summarizing, Woodward finds 

that the order of acquisition of a handshape correlated with 

its relative markedness across sign languages. Specifically, 

he finds that the extended index finger handshape, found by 

Boyes-Braem to be acquired very early, is in fact common 

across sign languages. In addition, he finds that all of the 

the terminology used in this dissertation, the middle and 
ring fingers are bent, not extended. 
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handshapes which Boyes-Braem claimed are learned relatively 

late were marked across sign languages. 

1.2.4 Ease of Articulation and Frequency of Occurrence 

Having provided the background thus far, I restate the 

hypotheses investigated in the dissertation. Some researchers 

claim that the relative ease or difficulty of a given 

handshape results in some predictions about the handshape. 

These are that a difficult handshape is rare within a single 

sign language and across languages, and an easy handshape is 

common within a language and across languages (Mandel 1981) . 

The two problems with these claims/predictions center around 

how to make the determinations of handshapes as II easy" or 

"difficult", and "common" or "rare". 

In this dissertation, I concentrate on the claims that 

within a single sign language, handshapes which are easier to 

articulate occur more often than expected, and handshapes 

that are difficult to articulate occur less often than 

expected. In order to test this claim, I must establish two 

things: first, what is meant by "easy" and "hard", and 

second, what is meant by "common" and "rare". 

My strategy for determining whether a handshape is easy 

or difficult is to base the determination upon physiological 

criteria. To this end, first, a detailed account of the 

physiology of the hand relevant to handshape is given in 

Chapter Two. Then, in Chapter Three, I propose a model of 
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physiological ease, based on the physiology discussed in 

Chapter Two. The model assigns numbers to various 

physiological criteria for determining ease. With these 

numbers, I calculate an "ease score" for any potential 

handshape. The "ease score" is interpreted by a metric which 

determines whether the handshape can be classified as "easy", 

"hard" or "impossible". Thus, predictions are made: the 

"easyll handshapes should be "common" and the 1Ihard1l should be 

"rare ll in ASL and TSL. 

My method for accomplishing the goal of deciding which 

handshapes are "common" and which handshapes are "rare" is 

first to determine the expected number of occurrences of each 

physically possible handshape. Next, I compare the number of 

occurrences of particular handshapes in written sources of 

data from two sign languages: ASL13 and TSL. This number is 

compared with the expected number of occurrences. These steps 

are accomplished in Chapters Four and Five. Chapters Four and 

Five show that, in general, it is true that the easy 

handshapes occur more often than expected and hard handshapes 

occur less often than expected, although there are 

13The ASL data are taken from computer printouts of the 
Dictionary of American Sign Language (henceforth, the DASL) 
compiled by Mark Mandel. The DASL is the first source which 
organized handshapes by three linguistic aspects: handshape, 
orientation, and movement. The printouts list the signs in 
the DASL according to these aspects; I used the list 
organized by handshape. 
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exceptions. Some exceptions can be explained by other 

phenomena, and some cannot. 
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1.3 Summary of Chapter One 

Chapter One has placed the dissertation in context by 

explaining relevant literature. So, first it gives a chapter 

by chapter outline of this dissertation. It explains the task 

of articulatory phonetics. It explains past problems with 

using ease of articulation in linguistic explanation. It 

reviews the sign language literature which deals with 

physiology in linguistic explanation. 
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Chapter 2: 
The Anatomy and Physiology of the Hana 

2.0 Introduction 

The goals of Chapter Two are to explain (i) the anatomy 

and physiology of the human hand (ii) and their relevance to 

handshapes. The reason for this is that an understanding of 

the physiology is necessary in order to propose a theory of 

ease of articulation for handshapes. I explain each of these 

goals further. 

The task of providing a detailed account of the human 

hand is formidable for one main reason. There is a tendency 

for non-physiologists to believe that physiological facts 

must always be clear because they are "physical". In fact, 

however, the physiology of human movement, including each of 

the finger configurations examined here, is tremendously 

complicated. Whole fields of study, such as anatomy, 

physiology and biomechanics, are engaged in the task of 

understanding how the human body works (Wells 1966:1). Much 

research reveals aspects of anatomy and physiology which are 

not well understood. It has been shown, for example, that 

variation exists across humans with respect to the number and 

arrangement of extensor tendons (Schenck 1964 :103) . Questions 

arise as to which sets of smaller movements make up a larger 

movement (Wells 1966: 284), which muscles participate in 

executing particular movements (Wells 1966: 300), and, of 



85 

these, which muscle is primarily responsible for the movement 

of a particular joint. This is because many different muscles 

and muscle groups often work together to achieve a given 

movement, though one muscle might be primarily responsible. 

So, for example, in a particular movement, one muscle might 

act as a prime mover (i. e., actually doing some action), 

another as an antagonist (i. e., permitting the action by 

relaxing) and a third as a synergist (i.e., helping the prime 

mover to complete the action) . To complicate matters, a prime 

mover or a synergist may participate minimally in 

accomplishing an action (say, only 10-20%), or maximally 

(say, 80-100%) 1. A thoroughly detailed explanation of the 

actions of the muscles of the hand and the movements which 

result is far more complex than can reasonably and 

appropriately be dealt with here. With this in mind, Chapter 

Two reports the most well-accepted aspects of the anatomy and 

physiology of the hand relevant to handshapes. T h e 

question of which aspects of the physiology are in fact 

relevant for handshapes is a reasonable one. Recall from 

section 1.0.2 that the hand may act as a whole (i.e., all 

five fingers together) or some subset of fingers may group 

lIt is of course impossible to list muscles as prime 
movers, antagonists or synergists since a given muscle may 
function as a prime mover for one movement, an antagonist for 
another and a synergist for a third. 
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what the hand as a 
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what each individual finger can do and 

whole can do will be relevant to 

handshapes. Thus, my discussion centers as much as possible 

around the bones, joints, muscles and juncturae tendinum in 

the hand from the carpometacarpal joint (i.e., one of the 

wrist joints (labelled in (1) on p. 76) to the fingertips. 

The exception concerns the muscles which control the hand. 

While some of these are located entirely internal to the 

hand, some are located both in the forearm and in the hand. 

I discuss both. 

I do not discuss the radiocarpal joint (i.e., one of the 

two wrist joints labelled in (1)) or any j oint proximal (i. e. 

closer to the trunk of the body) to it. This is because 

handshapes are not affected by whether the radiocarpal joint 

(and joints proximal) is flexed or extended. 

Clearly, the movement of finger and hand joints is 

ultimately a result of the neural systems which control the 

hand. Therefore, I acknowledge that any complete theory of 

ease of articulation of handshapes must include a discussion 

of the neurology relevant to the human hand. However, a study 

of physiology alone, excluding neurology, has serious 

consequences for ease of articulation of handshapes. Thus, 

in this dissertation, I concentrate on the physiology and 

leave to future research the contribution of the relevant 

neurology to the explanation of ease of articulation of 



87 

handshapes. 

In this chapter, I adhere to the standard distinction 

between anatomy and physiology. Anatomy is the description 

of parts of the body and their potential for movement, and 

physiology is the study of how the parts move and interact 

(Galley and Forster 1987:1-2). In section 2.1., I provide a 

general discussion of the relevant anatomy of the human hand. 

In sections 2.2 and 2.3, I discuss the physiological effects 

of that particular anatomy, i.e., what the fingers and the 

hand as a whole can do. The discussion of physiology in 

sections 2.2 and 2.3 comes to three conclusions: (i) the five 

fingers are equipped differently (with bones, muscles, joints 

and juncturae tendinum) and therefore have different 

physiological capabilities, (ii) different· sets of muscles 

are used to produce the various configurations of the hand 

which make up handshapes (i. e. bent, curved, closed and 

extended, discussed in Chapter One) and, (iii) when the 

fingers extend, there is a natural tendency to spread. 
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2.1 The Anatomy of the Human Hand 

I divide the discussion in this section into (i) an 

exposition of the bones in the hand and fingers, (ii) an 

explanation of the joints in the hand and fingers, (iii) an 

explanation of the muscle/tendon groups which manipulate 

these joints: the extensors, the flexors and the intrinsics, 

(iv) an explanation of the juncturae tendinum, and (v) an 

explanation of the anatomy relevant to abduction (spreading) 

and adduction (coming together)of the fingers. 

In the discussion that follows, the need sometimes 

arises to distinguish the thumb from the index, middle, ring 

and pinky fingers. This is because anatomically (and 

therefore physiologically) the thumb both resembles and 

differs from the other four fingers. If I include the thumb 

with the other fingers, I refer to lithe five digits ll
• When 

I exclude the thumb from the discussion, I refer to lithe four 

fingers II (index, middle ring and pinky) and lithe thumb ll
• 

2.1.1 Bones 

Excluding the bones in the wrist, there are 19 small 

bones in the human hand. These are the five metacarpals, and 

the fourteen phalanges. Proceeding downward from the top of 

(1), I discuss the bones of the fingers, hand and briefly, 

the wrist in turn. 

Each of the fingers is made up of three bones called 

phalanges: the proximal phalanx, the medial phalanx and the 
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distal phalanx. The distal phalanx is located near the tip 

of each digit. The proximal phalanx is located near the 

knuckle or metacarpophalangeal joint of each digit, labelled 

in (1). In the four fingers, there is a medial phalanx as 

well; this is the one between the proximal phalanx and the 

distal phalanx. The thumb has two phalanges: the proximal 

phalanx and the distal phalanx. 

The skeleton of the palm consists of five bones called 

the metacarpals (Romanes 1981:170). The proximal phalanx of 

each of the digits attaches to its respective metacarpal 

bone. The metacarpals are labelled (1-5) in (1); the first 

metacarpal is considered to be that of the thumb, the second 

metacarpal is that of the index and so on. The metacarpal 

heads labelled in (1) (i.e. the distal ends of the metacarpal 

bones) are the part of each metacarpal bone that is closest 

to the proximal phalanx (Romanes 1981:171). 

The eight bones of the wrist (i.e. the carpal bones) are 

pictured but not labelled in (1), since they are not relevant 

for this discussion or later ones. The carpal bones can be 

divided into two rows, a distal row, (located on the hand 

side of the wrist), and a proximal row, (located on the 

forearm side of the wrist). The distal row of carpal bones 

from left to right in (1) are the hamatum, capitum, 

multangulum minor, and multangulum major. The proximal row 

of carpal bones from left to right are the pisiform, 
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triquetrum, lunatum and navicular. 

Finally, the distal ends of two bones in the forearm, 

the radius and the ulna, are pictured and labelled in (1). 

1. (after Napier 1980: 29) 

PhaJange,-{ _ 
ProXimal 

Interphalangeal Joint 

Radius 

2.1. 2 Joints 

Distal Interphalangeal Joint 

roximal Interphalangeal Joint 

Metacarpophalangeal Joint 

CarpometacaIpal Joint 

Ulna 

At a joint, two bones meet. One classification of joints 

goes according to the nature of the union of the two bones 

(Wells 1966 :41). In this system, there are joints with a 

space between the two bones and joints without a space 
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between the two bones. The former permit gliding movement; 

the latter permit very little movement, or no movement. Three 

types of joints result: i} synovial (freely moving) ,ii} 

cartilaginous (slightly moveable), iii} fibrous (fixed) 

(Galley and Forster 1987:23) . 

There are four sets of joints in the hand, from the tips 

of the digits to the wrist. At the distal interphalangeal 

joint, the medial and distal phalanges meet. At the proximal 

interphalangeal joint, the medial and proximal phalanges 

meet. At the metacarpophalangeal j oint or knuckle I the 

proximal phalanx of each finger meets its respective 

metacarpal, at the metacarpal heads. Finally, at the 

carpometacarpal joint, the five metacarpals meet the distal 

row of wri st (carpal) bones. The distal interphalangeal, 

proximal interphalangeal and metacarpophalangeal and 

carpometacarpal joints are all labelled in (1). 

The synovial joints of the digits are the proximal 

interphalangeal, distal interphalangeal and 

metacarpophalangeal joints. Clearly all move freely in 

extension and flexion. The metacarpophalangeal joints of the 

four fingers in addition permit adduction and abduction 

(spreading and coming together) . The thumb's carpometacarpal 

joint, sometimes called a "saddle joint", is also synovial. 

In fact, the first metacarpal, which is attached to the 

proximal phalanx of the thumb, is the most mobile of the five 
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(Wells, 1966:279) at the carpometacarpal joint. As such, it 

permits the movements pictured in (2): abduction (i.e. 

movement of the thumb at right angles to the palm), 

hyperadduction (i.e. backward movement of the thumb at right 

angles to the hand) , extension (lateral movement of the thumb 

away from the index), flexion (return movement from 

extension), hyperflexion (thumb slides across the front of 

the palm) and opposition (a combination of abduction and 

hyperflexion) (Wells 1966: 283) 

2. (picture from Wells 1966:283) 

~. 
A 

Abduction 

~~> 
B 

Hyperodduction 

Movementa rJ the thumb at the ca.rpometLearpel joint. 
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The carpometacarpal joints of the four fingers are of 

particular interest because of the nature of the attachments 

of the metacarpals to the \01yist. The second and third 

metacarpals are attached to the proximal phalanges of the 

index and middle fingers, thus they are referred to as the 

"index metacarpal" and the "middle metacarpal". The two are 

attached at the carpometacarpal joint in such a way that they 

are immobilized. That is, the carpometacarpal joints of the 

index and middle, at which the metacarpals of these fingers 

connect with the carpal bones, are fibrous (fixed). The 

fourth and fifth metacarpals (attached to the phalanges of 

the ring and pinky and therefore called the "ring metacarpal" 

and the "pinky metacarpal") are attached at the 

carpometacarpal j oint in such a way as to enj oy a small 

degree of mobility there. That is, the carpometacarpal joints 

of the ring and pinky are cartilaginous (slightly moveable) . 

To see the difference between the attachments of the index 

and middle metacarpals and the ring and pinky metacarpals, 

lay a pencil across the open flat hand, and make a fist 

holding the pencil. Notice the difference between the way the 

index and middle fingers grip the pencil and the way the ring 

and pinky grip the pencil. The index and middle simply wrap 

around the pencil steadying it on the radial side. The ring 

and pinky cup around the pencil to steady it on the ulnar 

side. This cupping action occurs because the ring and pinky 
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metacarpals are mobile at the carpometacarpal joint; if they 

were not, they could not grip the pencil as tightly and the 

pencil would be loose on the ulnar side of the hand. The 

index and middle are known as the radial fingers and the ring 

and pinky are known as the ulnar fingers. 

To summarize, the hand has at least one example of each 

of the three kinds of joints. The synovial joints of the 

fingers are the distal interphalangeal joints, the proximal 

interphalangeal joints and the metacarpophalangeal joints. 

All of the joints of the thumb (i. e. the interphalangeal 

joint, the metacarpophalangeal joint and the carpometacarpal 

joint) are synovial as well. The cartilaginous joints are the 

ring and pinky carpometacarpal joints. The fibrous joints are 

the index and middle carpometacarpal joints. The relevance 

of these facts will be discussed in section 2.2.2. 

2.1.3 Muscles 

In this section, I explain what is meant by 

"muscle/tendon group" and then provide a discussion of the 

muscles which control the hand: the extensors, the flexors, 

and the intrinsic muscles: the interosseous and the lumbrical 

muscles. 

The joints in the hand are manipulated by the 

muscle/tendon groups which cross them. Muscles have two ends, 

the origin and the insertion. A muscle/tendon group is 

pictured in (3). 
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3. (from Wells 1966:290) 

Muscle (Contractile Tissue) 

Tendons (" Strings") 

The origin of a muscle is the place where the action of the 

muscle originates. Typically, at the origin of a muscle, the 

tendons come together in one mass (called a muscle head) of 

contractile tissue (i.e., tissue which is able to contract). 

However, it is possible for the origin of a muscle to have 

two distinct muscle heads. A muscle with two distinct muscle 

heads has two contractile masses, which control different 

tendons. The origin is usually proximal to the insertion and 

close to the bone. A muscle is usually inserted (i. e. , 

attached to bone) by the tendons which have split off from 

the muscle head. The insertion(s) of a muscle is usually 

distal to the origin (Wells 1966: 54) . While the muscle origin 
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is the place where the action happens, the tendons should be 

conceptualized as strings that only contract (pull back) or 

do nothing. That is, the origin of a muscle has the ability 

to contract, but the tendons, by themselves, have no such 

ability. Tendons are either pulled or do nothing, depending 

on what is happening at the origin. All other things being 

equal, a muscle/tendon group acts on any joint it crosses. 

Extensors: These are muscles responsible for causing 

digi ts to extend, primarily at the metacarpophalangeal joint. 

The hand has five extensors pictured in (6). These differ in 

their functions. One of the five is responsible for extending 

the four fingers when they act together. Each of the other 

four is responsible for the extension of one individual 

finger. I discuss each of the five in turn. 

The common extensor, the extensor digitorwm communis, 

extends the index, middle, ring and pinky primarily at the 

metacarpophalangeal joint. The extensor pollicis brevis 

performs the same function for the thumb (this is why they 

are both standardly considered "commonll extensors) . Both the 

common extensors originate in the forearm. The extensor 

digi torum communis has four insertions. These are between the 

medial and distal phalanges of each of the four fingers. The 

insertion of the extensor pollicis brevis is at the 

interphalangeal joint of the thumb. Because of the locations 

of the insertions of the extensors digitorum communis and 
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pollicis brevis, they extend the digits primarily at the 

metacarpophalangeal joint, and not very much at the proximal 

interphalangeal/distal interphalangeal joints. Therefore, 

full extension of the digits cannot be accomplished by the 

extensors digi torum communis and pollicis brevis alone. 

Rather, with the extensors digitorum communis and pollicis 

brevis alone, the hand can open from a fist to a clawed 

position, similar to that referred to in the handshape 

literature as curved, but less tense. In order to fully 

extend the fingers, the lumbricals and interossei (known 

collectively as the intrinsics) are called upon to pull the 

proximal and distal phalanges into full extension. This is 

explained further in section 2.3.1. Thus far, we have 

established that each of the five digits has one extensor: 

the index, middle, ring and pinky each have a tendon of the 

extensor digitorum communis and the thumb has the extensor 

pollicis brevis. These are named in (4) and pictured in (6). 

In addition to the common extensors, the thumb, index 

and pinky each have one additional independent extensor 

(Brand, 1985). The middle and ring have no corresponding 

independent extensors. The extensor pollicis longus (for the 

thumb), extensor indicis proprius (for the index) and 

extensor digiti minimi (for the pinky), are named in (5) and 

pictured in (6). The independent extensors of the fingers 

(extensor indicis proprius and extensor digiti minimi) have 
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the same function as the extensor digi torum communis: to 

extend the finger primarily at the metacarpophalangeal joint. 

The independent extensor of the thumb, extensor pollicis 

longus, extends the thumb at the interphalangeal joint. 

4. Common Extensors 
(Sa) index, middle, ring and pinky = extensor digitorum 

communis 
(Sb) thumb = extensor pollicis brevis 

S. Independent Extensors 
(Sc) for thumb extensor pollicis longus 
(Sd) for index extensor indicis proprius 
(Se) for pinky extensor digiti minimi 

6. Dorsal side of the Hand 

So far, we have established that there is an asymmetry in the 

number of extensors which each digit has. Three (thumb, index 

and pinky) have two extensors, and two (middle and ring) have 

only one extensor. I explain the relevance of this asymmetry 

in section 2.2.3. 
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Flexors: These are muscles that cause the digits to flex 

(bend). Because each of the digits has two flexors, no 

asymmetry exists in the number of flexors of any digit (this 

is unlike the situation with the extensors; some digits have 

two and some have one). I discuss first the two flexors for 

the fingers, the flexor digitorum profundus and the flexor 

digitorum superficialis, both of which are located on the 

volar (palmar) side of the forearm and hand. 

The profundus has its origin in the forearm. Its 

insertions (by four tendons) are located at the base of the 

distal phalanges in each of the four fingers. This is shown 

in (7b). The profundus has two separate muscle heads: one for 

the index and one for the middle, ring and pinky (Fahrer 

1980). The superficialis also has its origin in the forearm. 

Its insertions (by four tendons) are located at the base of 

the medial phalanges of each of the four fingers. This is 

shown in (7a). The superficialis flexes the fingers largely 

at the proximal interphalangeal joint. Note that neither the 

profundus nor the superficialis are positioned such that they 

specifically flex the fingers at the metacarpophalangeal 

joint; in fact, flexion at the metacarpophalangeal joint is 

largely a result of the intrinsic muscles {i.e., the 

lumbricals and interossei, pictured in (8) and (9). 

Moving on, I discuss the two flexors of the thumb: the 

flexors pollicis longus and pollicis brevis. The flexor 
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pollicis longus is located on the volar (palmar) side of the 

hand, and pictured in (7b). The flexor pollicis brevis is 

pictured in (9). 

7. Flexors (picture from Wells 1966:290) 
(excluding the flexor pollicis brevis) 

Intrinsic Muscles: The seven interosseous muscles are 

located on both the volar and dorsal (back) sides of the 

hand. On the volar side of the hand are three interossei 

(i.e., the three palmar interossei) pictured in (8). On the 



101 

volar side of the hand between the metacarpals are four 

in terosseous muscles (i. e., the dorsal in terossei) also 

pictured in (8). The function of the interosseous muscles is 

to flex at the metacarpophalangeal joint and extend at the 

proximal interphalangeal/distal interphalangeal joints (Wells 

1966:298-9) . 

The four lumbricals are located on the radial side 

(i.e., toward the thumb) of each of the four fingers. They 

have their origins on the volar side of the fingers and their 

insertions on the dorsal side of the fingers. Their function 

is to simultaneously flex the metacarpophalangeal joint while 

they extend the proximal interphalangeal/distal 

interphalangeal joint (Wells, 1966:297). The lumbricals are 

pictured in (9). 



8. Three palmar interossei 
(pictures from Wells 1966:298-9) 

Palmar tnttl'OGoWl. nght hand. 

9. Lumbricals 
(picture from Wells 1966:295) 

~bOuclO: 

;loUie.!. "'~'".,!. 

~u8CIH of nght hand. &nU!nor view. 

102 

Four dorsal interossei 
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Opponens Muscles: Another pair of muscles are the 

opponens muscles: the opponens digiti minimi (for the pinky) 

and the opponens pollicis (for the thumb) . These are pictured 

in (9). The origin of the opponens digiti minimi is at the 

hamatum (one of the carpal bones). The insertion of the 

opponens digiti minimi is along the length of the ulnar side 

(i. e., towards the pinky) of the fifth metacarpal. The origin 

of the opponens pollicis is at the multangulum major (a 

carpal bone) . The insertion is along the length of the radial 

border of the first metacarpal (Wells 1966:295). The 

relevance of these facts will be discussed in section 2.3.6. 

2.1.4 Juncturae Tendinum 

The hand has three juncturae tendinum: these are 

ligamentous bands which connect the tendons of the extensor 

digitorum communis (i.e., the common extensor which extends 

the four fingers at the metacarpophalangeal joint). The 

juncturae tendinum are pictured in (10f,g,h). 

10. (after Tubiana 1981: 241) 
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One juncturae tendinum connects the extensor tendon (of 

the extensor digitorum communis) of the index to that of the 

middle (pictured in (lOh». A second juncturae tendinum 

connects the extensor tendon of the middle to that of the 

ring (pictured in (lOg». The third juncturae tendinum 

connects the extensor tendon of the ring to that of the pinky 

(pictured in (lOf» . I now discuss several observations about 

the way the juncturae tendinum are situated at the tendon of 

each finger. 

Only one juncturae tendinum connects to the extensor 

tendons of the index and pinky. These are (lOf) and (lOh) 

respectively. This is in contrast with the situation for the 

middle and ring, both of which are tethered by two juncturae 

tendinum. Specifically, the ring. is tethered both by (lOf) 

and (lOg). The ring finger's juncturae tendinum ((lOf) and 

(lOg» roughly form an up-side-down V, with the tip of the 

V being the point where the two juncturae tendinum intersect 

at the extensor tendon of the ring. The middle is tethered 

both by (lOg) and (lOh) . The juncturae tendinurn of the middle 

finger «(lOg) and (lOh» roughly form a right side up Vi the 

tip of this V is the approximate point where both juncturae 

tendinum intersect at the extensor tendon of the middle 

finger. Note that the intersection of (lOg) and (lOh) is more 

distal on the extensor tendon of the middle finger than the 

intersection of the right-side-up V is on the extensor tendon 
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of the ring. 

The juncturae tendinum are not made of contractile 

tissue (as are muscles), and so they have no power to 

contract on their own. Rather, the juncturae tendinum act as 

tendons; they may either be pulled or left alone. The 

relevance of these facts will be discussed in section 2.2.5. 

2.1.5 Anatomy Relevant to Abduction 

In this section, I discuss two aspects of the anatomy 

of the hand that will be relevant in the discussion of 

abduction and adduction of the fingers. These are the 

collateral ligaments and the location of the attachments of 

the extensor digitorum communis. I discuss each in turn. 

Collateral ligaments: The fingers have two collateral 

ligaments, one anchored on each side of each of the 

metacarpal heads and the proximal phalanges. These ligaments 

perform two functions: first, they connect the relevant 

metacarpal head to the proximal phalanx of the relevant 

finger, and second, they allow abduction of the fingers. The 

metacarpal heads, proximal phalanges and collateral ligaments 

are pictured in (11) both when the metacarpophalangeal joint 

is flexed (lla) and extended (llb). 
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11. (pictures by Sandy Sasarita) 

Taut Collateral Ugament 

Metacarpal Head 

-Proximal Phalanx 

a. collateral ligaments when metacarpophalangeal is flexed 

Loose Collateral Ligament 

:::i:~ 
Metacarpal Head /' Proximal Phalanx 

b. collateral ligaments when metacarpophalangeal is extended 

Location of the Tendons of the Extensor Digitorum Communis: 

The second set of anatomical facts relevant to abduction has 

to do with the location of the attachments of the tendons of 

the extensor digitorum communis (called "EDe" in (12)) and 

the resulting line of pull. Recall that the extensor 

digitorum communis is the muscle responsible for extending 

all of the fingers, primarily at the metacarpophalangeal 

joint (called "MCP" in (12)). In the forearm, the extensor 

digitorum communis divides into four tendons. Essentially, 
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one tendon runs to each of the four fingers. These tendons 

have two relevant attachments: one at the metacarpophalangeal 

j oint and one at the wrist. At the metacarpophalangeal joint, 

the tendons are attached by sagittal bands on top of each 

knuckle (i. e., not in the space between each knuckle). 

Proximal to this attachment, the extensor tendons are also 

attached in the middle of the wrist near the carpometacarpal 

joint (called "CMC" in (12»4. This is schematized in (12). 

12. (picture by Sandy Sasarita) 

The relevance of these facts will be discussed in section 

2.3.5. 

2.1.6 Summary of the Anatomy of the Hand 

The 19 small bones of the hand and digits contact each 

other at the joints. I examine four sets of joints in the· 

hand: the carpometacarpal joint, where the hand meets the 

wrist, the metacarpophalangeal (i.e., knuckle) joint, the 

proximal interphalangeal j oint and the distal interphalangeal 

joint. The joints of the hand are of two types: the type in 
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which there is a space in between the two bones, and the type 

in which there is barely any space between the two bones. The 

former type results in a synovial (moveable) joint. The 

latter results in joints that are either fibrous (absolutely 

immobile) or cartilaginous (almost immobile) . The 

metacarpophalangeal, proximal interphalangeal and distal 

interphalangeal joints of the fingers are all examples of 

mobile joints. In addition, all of the joints of the thumb 

are mobile. But at the carpometacarpal joints, the fingers 

have either fixed joints, or only slightly mobile joints. The 

metacarpals of the index and middle are immobilized at the 

carpometacarpal joint. The metacarpals of the ring and pinky 

are slightly moveable. 

The extensors are muscles which extend the fingers 

primarily at the metacarpophalangeal joint. The fingers share 

a common extensor. The thumb also has an extensor which 

manipulates it at the metacarpophalangeal joint. Three of the 

digits (thumb, index and pinky) have an additional extensor, 

called the independent extensor. The middle and ring have no 

analogous independent extensors. 

Each of the digits has two flexors whose function it is 

to flex them at various joints. The distal interphalangeal 

joint is controlled by the flexor digitorum profundus. The 

proximal interphalangeal joint is controlled by the flexor 

digitorum superficialis. The interosseous and lumbrical 



l09 

muscles, together referred to as the intrinsic muscles, have 

the task of flexing the fingers at the metacarpophalangeal 

joint while extending them at the proximal 

interphalangeal/distal interphalangeal joints. 

The three juncturae tendinum are ligamentous bands which 

connect the extensor tendon of one finger to the extensor 

tendon of the adjacent finger. The index and pinky are each 

tethered by only one juncturae tendinum. The middle and ring 

are each tethered by two juncturae tendinum. The intersection 

of the two juncturae tendinum which tether the middle is more 

distal than the intersection of the two juncturae tendinum 

which tether the ring. 

Each finger has two collateral ligaments which connect 

each of the proximal phalanges of the fingers to its 

respective metacarpal. The extensor digitorum communis has 

two points of attachment to the bone. These are on the tops 

of the knuckles and in the middle of the wrist. 
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2.2 The Physiology of the Fingers 

The preceding discussion has familiarized the reader 

with the basic anatomy of the hand. In the following 

subsections, I explain the relevant physiological results of 

having that particular anatomy for the fingers. These have 

to do with the kinds of joints in the hand and the 

arrangement of muscles and juncturae tendinum in the hand. 

In the brief summary in (13) of what will be discussed in 

this section, I have italicized the anatomical fact and 

underlined the physiological result. 

13. Physiological Results of Anatomy 

i) The thumb, owing to its highly moveable carpometacarpal 
joint, is the only digit which is opposable. 

ii) The index and middle, owing to their immobile 
at ta chmen t sat the carpome ta carpal join t , .=a:-=r~e::-:m=o-=r-"e=--::a=..;g~J.=:-' .=l-::e:......:::a:=-t 
other joints than the ring and ·pinky (which are slightly 
moveable at the carpometacarpal joint) . 

iii) The thumb, index and pinky each have two extensors 
(their independent extensor, as well as their respective 
tendon of the common extensor). Owing to this, they are 
capable of full extension when the other fingers are closed. 
The middle and ring each have one extensor (the common 
extensor). Because of this, they are not capable of full 
extension while the other fingers are closed. 

iv) Each of the five digits has two flexors, and has about 
the same ability to flex independently. The one exception is 
that the flexor digitorum profundus has a separate muscle 
head for the index finger. The result is that the index is 
more independent than the middle. ring and pinky in flexion. 

v) The fact that the intersection of the two juncturae 
tendinum which tether the ring finger is distal to the same 
intersection for the middle makes the ring finger the most 
dependent finger. 
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2.2.1 Thumb is Opposable 

The thumb is the most specialized digit in that it is 

capable not only of all the same movement of the fingers, but 

other movements, such as opposition, as well (Napier, 

1980:68). Recall that opposition is a combination of 

abduction and hyperflexion (Wells 1966:284). In opposition, 

both the thumb and each of the opposed fingers make a 

contribution. 

Let us take a closer look at the contributions of each 

digit to opposition. It is said that the thumb's contribution 

to oppose the fingers is (i) its mobility at the 

carpometacarpal joint and ii) the action of the muscle, the 

opponens pollicis, which IImakes it possible when flexing 

phalanges for the thumb to touch the tip of any of the four 

fingers (Wells, 1966:297)". Clearly, all four fingers can 

flex at the metacarpophalangeal joint to bring them into 

position to oppose the thumb. But it is impossible not to 

notice that the positioning of the fingers relative to the 

thumb must have something to do with the ability of the thumb 

to oppose them. In fact, the index opposes the thumb 

automatically when the index is flexed and the thumb is 

abducted (Wells 1966). The middle, like the index, is also 

able to oppose the thumb with little effort, presumably 

because of its close position to the thumb (Sandy Sasarita 
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p.C.)2. I take this to suggest that the opponens pollicis is 

not used when either the index or the middle oppose the 

thumb. 

In contrast, for the thumb to oppose the ring and pinky, 

contributions from both the thumb, and the ring or pinky must 

be made. The pinky's opponens digiti minirni whose function 

it is to "flex and abduct the fifth metacarpal bone" (Wells, 

1966:295) is activated, thereby positioning the pinky so that 

it can oppose the thumb. The ring finger lacks special 

musculature, however, its position on the hand (i.e. the ring 

is nearer than the pinky to the thumb), contributes to its 

ability to oppose the thumb. 

2.2.2 The Carpometacarpal Joint Facts 

Recall from section 2.1.2 the contrast between the 

attachments of the index and middle (the radial fingers) and 

the ring and pinky (the ulnar fingers) at the carpometacarpal 

joint. At the carpometacarpal joint, the index and middle 

metacarpals have a fibrous (fixed) attachment. The 

attachments at the carpometacarpal joint of the ring and 

pinky metacarpals are cartilaginous (slightly mobile). This 

has a physiological effect: the radial fingers can perform 

more functions than the ulnar fingers. This may seem counter-

2Mandel (1981:99) notes that the index is the "most 
opposable" finger. Mandel (1979) describes the phenomenon 
known as tenodesis, discussed in section 1.2.1 of this 
dissertation which bears upon this point. 
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intuitive, since it is the index and middle that are fixed 

at the carpometacarpal joint. In fact, the explanation for 

this comes from the fact that in order to perfvrm a precision 

movement, the IIproximal bones [must] be stabilized (i.e., 

held still -JA) while the distal bones perform the movement ll 

(Wells 1966:54). If the fingers are to perform a precision 

movement then the proximal bone involved in that movement 

needs to be immobilized. In this case, the proximal bone is 

the metacarpal. To stabilize the metacarpal bone so that the 

fingers can perform a precision movement requires that the 

carpometacarpal joint itself be immobilized. To immobilize 

a joint requires that the muscles be prevented from moving 

it, since muscles will act on any joint they cross. 

Therefore, the type of joint being crossed becomes relevant. 

The index and middle metacarpals are anatomically 

immobilized at the carpometacarpal joint and the ring and 

pinky metacarpals are permitted a small degree of mobility 

there. This means that there is an asymmetry between the 

radial fingers and the ulnar fingers. That is, the 

muscle/tendon groups which cross the carpometacarpal, 

metacarpophalangeal, proximal interphalangeal and distal 

interphalangeal joints of the index and middle fingers have 

only three joints to manipulate, since one, the 

carpometacarpal, is immobilized and therefore cannot be 

manipulated. However, the muscle/tendon groups which cross 
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the joints of the ring and pinky, have to manipulate all four 

joints, since all four (metacarpophalangeal, proximal 

interphalangeal, distal interphalangeal and carpometacarpal 

as well) are mobile. Since the index and middle metacarpals 

are anatomically immobilized at the carpometacarpal j oint and 

therefore stabilize the metacarpal bone, the index and middle 

fingers are capable of performing precision movements3
• 

However, since the ring and pinky metacarpals are not 

anatomically immobilized at the carpometacarpal joint, the 

ring and pinky are not capable of performing precision 

movements. 

Summarizing, the II carpometacarpal facts II distinguish the 

radial fingers from the ulnar fingers. The radial fingers can 

perform precision movements because the proximal bones, in 

this case, the index and middle metacarpals, are stabilized 

at the carpometacarpal joints. In contrast, the ulnar fingers 

cannot perform precision movements because at the 

carpometacarpal joint, they are not stabilized. Therefore the 

condition for performing precision movements (proximal bones 

stabilized while distal bone performs the movement) is not 

met by the ulnar fingers. 

3In general, the radial fingers provide the precision 
and stability of the hand while the ulnar fingers provide the 
power and stability of the hand (Galley and Forster 
1987:214) . 
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2.2.3 Extensor Facts for Each Digit 

The common extensors facilitate extension of the fingers 

at the metacarpophalangeal joint when the fingers or all five 

digits act together. However, the independent extensors do 

the work when one finger is extended alone. Recall that there 

is an asymmetry with respect to extensors: the thumb, index 

and pinky each have two extensors, the common extensor and 

the independent extensor i while the middle and ring each have 

only one extensor, the common extensor (Mandel 1981; Boyes

Braem 1991 i Wells 1966 and others) . The result of these facts 

is that the thumb, index and pinky are well equipped for 

extension and can extend even if these fingers are extended 

alone. In contrast, the middle and ring, without the 

analogous extra set of muscles are much less able to extend, 

particularly if they must do so alone with the rest of the 

fingers closed. This is because since both middle and ring 

lack independent extensors, they must rely upon the common 

extensor to extend them at the metacarpophalangeal joint. It 

is clear that the common extensor is not very effective when 

only one of its tendons works alone, because full extension 

of middle and ring are impossible. The best the common 

extensor can do is to get the middle or ring into a "bent" 
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position4. 

2.2.4 Flexor Facts for Each Digit 

Each of the digits has two flexors. The fingers have 

the flexors digitorum profundus and superficialis. The thumb 

has the flexors pollicis longus and brevis. The fact that all 

of the digits are equipped with the same number of flexors 

suggests that no finger is better than any other at flexion 

(Mandel 1981). However, the index and the thumb are actually 

capable of a bit more than simply the same flexion as the 

other fingers. 

Recall that the flexor digitorum profundus flexes the 

fingers largely at the distal interphalangeal joint. We know 

this because the profundus is the only flexor which reaches 

as far as the distal interphalangeal joint. The profundus has 

two separate muscle heads; one for the middle, ring and 

pinky, and one for the index. This means that (i) the middle, 

ring and pinky must all flex at the distal interphalangeal 

joints together; none of them can act independently in this 

regard, and (ii) the index can flex at the distal 

interphalangeal joint separate from the other fingers. 

To clarify, recall from section 2.1.3 that the action 

4Even in combination with other fingers, the middle and 
especially the ring are poor at full extension. The muscular 
deficit of the ring finger is exacerbated by its status as 
an ulnar finger (see sections 2.1.2 and 2.2.2) and by the 
juncturae tendinum which tie it to other fingers (see section 
2.1.4 and 2.2.5). 
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of a muscle occurs at its origin, not at its insertions. When 

the profundus contracts (at its origin), it can contract 

either (i) the tendons of the three fingers, middle, ring and 

pinky, or (ii) the tendon of the index, or (iii) both. 

Crucially, however, the tendons for the middle, ring and 

pinky must contract together, because they originate from the 

same muscle head. It is impossible for the muscle head of the 

profundus common to the middle, ring and pinky to be 

contracted in one place and not contracted in the other (i. e. 

so that, say I the pinky alone is flexed at the distal 

interphalangeal joint, without the middle and ring being 

flexed there as well). However, the index finger can flex at 

the distal interphalangeal joint separately from the other 

fingers. The reader can easily verify these assertions by 

attempting first to make a curved configuration (which 

necessarily involves flexion at the distal interphalangeal 

joint) with the middle, for example, keeping the ring and 

pinky extended. She will see that when the middle curves, the 

ring and pinky cannot stay extended: they curve as well. This 

is because one of the muscle heads of the profundus unites 

the middle, ring and pinky, such that no one of them can 

assume a curved configuration without the other two. Next, 

the reader can configure the hand such that the index finger 

assumes a curved configuration while the other fingers remain 

extended. She will see that this is perfectly possible to do, 
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because the profundus has a separate muscle head for the 

index. 

The proximal interphalangeal joint is flexed largely by 

the flexor digitorum superficialis. The superficialis works 

together with the profundus when the fingers are "curved", 

i.e. flexed at both the proximal interphalangeal and distal 

interphalangeal joints. The superficialis has a common muscle 

head for all of the fingers. 

The thumb has its own flexors: the flexors pollicis 

longus and brevis. Therefore it can independently execute the 

flexion these muscles permit. In addition, the structure of 

the thumb's joints and its supply of muscles make it capable 

of hyperflexion and adduction. Thus, the thumb, while no 

better than the other fingers at flexion per se, has a more 

complex set of behaviors than the fingers. 

Summarizing, each finger has two flexors. However, the 

profundus' common muscle head for the middle, ring and pinky 

makes these fingers unable to assume a curved configuration 

with the rest of the fingers extended independently of each 

other. The profundus' separate muscle head for the index 

allows the index to assume a curved configuration independent 

of the rest of the fingers. The thumb is capable of a wider 

range of behaviors than the fingers. 

2.2.5 Juncturae Tendinum Facts for Each Finger 

In this section, I discuss the hypothesized 
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physiological effects of the anatomical facts discussed in 

section 2.1.4 about the juncturae tendinunr. Recall that the 

tendons of the extensor digi torum communis, which extends the 

fingers, are connected to each other by juncturae tendinum 

(i.e., ligamentous bands which cannot contract on their own, 

rather, they can simply be pulled or left alone). As the 

muscles of the fingers flex and extend, it is therefore 

expected: (i) that the juncturae tendinum will pull upon each 

other and (ii) that this will cause the fingers to be 

dependent upon each other to varying degrees. Though I leave 

the exact mechanics to be worked out by specialists in this 

field, I speculate here on the hypothesized physiological 

effects of the following anatomical facts. 

The first anatomical fact I consider is that each of the 

four fingers is connected to some other of the four by at 

least one juncturae tendinum. As noted in section 2.1.4, the 

index and pinky are connected only by one juncturae tendinum 

while the middle and ring are each tethered by two. From this 

two predictions follow. First, any pair of adjacent fingers 

have some effect on each other, particularly in extension 

when the juncturae tendinum come into play. The pairs of 

5I caution the reader that the juncturae tendinum are 
not very well understood. To my knowledge, the exact function 
of each of the juncturae tendinum has not been determined in 
the physiological literature. The relations I posit remain 
to be empirically tested. 
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fingers which are predicted to affect each other are given 

in (14). 

14. Fingers which are predicted to affect each other 
a) Index Middle 
b) Middle Ring 
c) Ring Pinky 

The second prediction is that any fingers which are tethered 

by one juncturae tendinum are slightly freer than any fingers 

tethered by two juncturae tendinum. Thus, the index and pinky 

are each a bit freer than the middle and ring. 

The second anatomical fact I consider is that the 

juncturae tendinum create two V-shaped connections in the 

hand, which I informally term up-side-down V and right-side-

up V. These are pictured in (10), which I repeat for 

convenience as (15). 

15. 

Up-side-down V connects the middle, ring and pinky. Right-

side-up V connects only the middle and index. Consider the 
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positioning of two juncturae tendinum each of right-side-up 

V and up-side-down V. The tip of up-side-down V is proximal 

to the tip of right-side-up V. Therefore, the juncturae 

tendinum that connects the pinky, ring and middle pulls 

proximal to the juncturae tendinum that connects the middle 

and index when the fingers extend. I speculate first on the 

predictions this makes as to (i) the exact nature of the 

affects of adjacent fingers upon each other and (ii) which of 

the fingers can act together in particular ways. 

The Effects of Adjacent Fingers 

Recall that the thumb, index and middle can fully extend 

when they act alone because of their musculature. The fingers 

which lack this musculature (the middle and ring) cannot 

extend fully when they act alone. Clearly however, because of 

the connections between the fingers through the juncturae 

tendinum, we would expect that the abilities of the middle 

and ring change when they act with other fingers. I discuss 

the predictions concerning when the middle and ring can fully 

extend in concert with other fingers which follow from the 

facts cited above. 

First, when two fingers act together, any finger can 

extend fully with a finger with an independent extensor to 

which it is directly connected by a juncturae tendinum. 

Second, when three or four fingers act together, any finger 

can fully extend if each extended finger is directly 
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connected by a juncturae tendinum to another extended finger, 

and one of the group has an independent extensor. These 

predictions are summarized in (16). 

16. (a) Any finger can fully extend which has an independent 
extensor and is connected by a juncturae tendinum 

i.e., the following pairs can fully extend: 
ring and pinky 6 

middle and index 
*middle and pinky 
*ring and index 
*middle and ring 
*thumb and ring 
*thumb and middle 

(b) A group of fingers is fully extended when each 
extended finger is connected by a juncturae tendinum to 
at least one extended finger and one of the members has 
an independent extensor. 

i.e., the following groups can fully extend: 
index, middle, ring, pinky 
thumb, index, middle 
index, middle, ring 
middle, ring, pinky 
index, middle, pinky 
index, ring, pinky 

*thumb, index, ring 
*thumb, middle, pinky 
*thumb, middle, ring 

The two different locations of pull 

In the case of the juncturae tendinum, where a pull 

occurs, the affected fingers lose their independence from 

each other from the exact place of the pull, to all points 

distal to the pull. The more proximal the pull then, the less 

independence the affected fingers have. The more distal the 

6Clearly, in this case the ring is slightly less 
extended than when it extends with the middle, rJ.ng and 
pinky. However, it is still very nearly fully extended. 
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pull, the more independence the affected fingers have from 

each other. This is illustrated in (17). 

17. 

Intersection of g and h is proximal to 
intersection of f and g 

This predicts that the locations where up-side-down V and 

right-side-up V cause the middle, ring and pinky to be 

generally more tied to each other than the middle is to the 

index7
• 

2.2.6 Summary of the Physiology of the Digits 

Section 2.2 has shown that the five digits are not equal 

with respect to their anatomy. Each subsection made another 

point in. this regard. Section 2.2.1 explained that the thumb 

is by far the most mobile digit, capable of a larger number 

of movements than any of the other fingers, including 

opposition. Section 2.2.2 showed that physiologically, the 

fingers can be divided into two groups: the radial fingers 

7This partially overlaps with the radial/ulnar 
distinction which on the basis of joint rigidity makes a 
distinction between the index and middle (radial), and the 
ring and pinky (ulnar). 
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(index and middle), the ulnar fingers (ring and pinky) and 

the thumb. Section 2.2.3 showed that with respect to 

extensors, the thumb, index and pinky have the most facility: 

a cornmon extensor and an independent extensor. The middle and 

ring have a common extensor and lack an independent extensor. 

Section 2.2.4 discussed the fact that each finger has two 

flexors. The superficialis controls the proximal 

interphalangeal joints and it controls all of the fingers 

equally. This contrasts with the profundus which controls the 

distal interphalangeal joint. The profundus has two muscle 

heads: one for the index and one for the middle, ring and 

pinky. Technically, this means that the index can be flexed 

at the distal interphalangeal joint while the rest of the 

fingers are extended there. Practically, this means that the 

index can be curved while the rest of the fingers are 

extended. This is different from the middle, ring and pinky. 

None of these has the independence of the index since all 

must be flexed at the distal interphalangeal joint together. 

Finally, section 2.2.5 posited that the juncturae tendinum 

cause the middle, ring and pinky to be more dependent on each 

other than the index and middle are on each other. 
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2.3 The Physiology of the Hand 

This section continues the discussion of what the hand 

can do, but the emphasis is off the capacity of individual 

fingers to extend, flex or oppose the thumb. Rather, this 

section examines the configurations themselves. 

If we consider the possible motions that the hands with 

the use of their four joints (carpometacarpal, 

metacarpophalangeal, proximal interphalangeal and distal 

interphalangeal) can perform, it seems clear that there are 

an infinite number of points along an axis to which a joint 

in the hand might flex or extend. So a metacarpophalangeal 

joint might be flexed or extended to any point in between the 

points in (18). 

18. (pictures by Kristina Moerdyk) 

Metacarpophalangeal joint 
extended Metacarpophalangeal joint 

flexed 

However, since linguistic distinctions are not made between, 

for example, a handshape flexed at the metacarpophalangeal 

joint at 45 degrees, and a handshape flexed at the 
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metacarpophalangeal joint at 55 degrees, for my purposes 

here, I follow other researchers in isolating four 

configurations of the hand for examination (for example, 

Corina and Sagey 1988; Sandler 1989))8. 

In subsections 2.3.1 through 2.3.4, I explain how each 

of four configurations (extended, closed, curved, bent) 

differ from each other. I propose that two parameters be used 

for comparison of how each configuration is achieved. First, 

the muscles involved in achieving a configuration may either 

pull all the joints the same way (i.e., resulting in either 

full extension or full flexion) or different ways (i .e., 

resulting in either bent or curved). Second, each 

configuration may require either one or two muscle groups. 

The muscle groups that will be appealed to are the extensors, 

the flexors and the intrinsics. In section 2.3.5, I explain 

the physiology of the configuration spread. Finally in 

section 2.3.6, I explain the physiology of opposition. 

2.3.1 Full Extension 

When the fingers are extended, as in (19) I they are not 

flexed at any joint. 

BIn principle there might have been five configurations I 
or three configurations. Perhaps perceptual considerations 
account for why four configurations have traditionally been 
isolated, but I say no more on this point. 
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19. (picture from Smith and Ting 1979:208) 

It is clear that in extension all the joints are pulled the 

same way. However, to accomplish full extension, two separate 

sets of muscles are required: the extensors (to extend at the 

metacarpophalangeal joint) and the intrinsics (to finish the 

job by extending the proximal interphalangeal/distal 

interphalangeal joints) . The reason the intrinsics are called 

upon to complete the job of full extension has to do with the 

location of extensor tendons (of the common extensor) when 

they cross the finger joints (metacarpophalangeal, proximal 

interphalangeal, distal interphalangeal). 

When the extensor tendons cross the metacarpophalangeal 

joint, they are located on the dorsal (back) side of the each 

finger. Therefore when the muscle is contracted and the 

tendons shortened, extension occurs at the 

metacarpophalangeal j oint 9 . Distal to the 

9To see this, first hold the left hand in a position of 
rest: the fingers of the left hand should be loosely flexed. 
Next, place the right index finger on the dorsal side of the 
left hand at the metacarpophalangeal j oint of the index 
finger. Next, firmly move the right index finger towards the 
second (index) carpometacarpal joint, pulling the skin along. 
The left index finger will extend slightly. In this 
demonstration, the reader has forced the skin on the dorsal 
side of the hand to function much as the extensor positioned 
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metacarpophalangeal joint, the tendons of the common extensor 

start to cross around the finger to the volar (palm) side. 

They cross the proximal interphalangeal joint in the middle 

of the side of the fingers (i.e., below the dorsal side but 

above the volar side of the fingers). The common extensor 

tendons continue to make their way around the finger and at 

the distal interphalangeal joint, they are squarely on the 

volar (palm) side of the hand. The positioning of the 

extensor tendons is shown in (20). 

20. (After Schider 1957:plate 4, figure 3, drawing of extensors mine) 

Fingertip 

Common Extensor Tendons ·on dorsal side of finger 
at the Metacarpophalangeal Joint 

~ 

~~. ~~ - -~ 
Common Extensor Tendons on the volar side of finger 
at the Distal Interphalangeal Joint 

on the dorsal side of the hand at the metacarpophalangeal 
joint. 
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Due to the positioning of the extensor tendons, when the 

extensor contracts, the metacarpophalangeal joint extends, 

the distal interphalangeal joint extends slightly, and the 

proximal interphalangeal joint remains flexed. That is, the 

positioning of the extensor tendons results in the fact that 

the extensors alone can get the hand into a configuration 

that can be described as loosely curved (where the 

metacarpophalangeal j oint is extended and the proximal 

interphalangeal/distal interphalangeal joints are slightly 

flexed) 10. Notice the relation between extension at the 

metacarpophalangeal j oint and loose flexion at proximal 

interphalangeal/distal interphalangeal joints. At this point, 

the intrinsic muscles take over to accomplish the task of 

fully extending the proximal interphalangeal and distal 

interphalangeal joints. Summarizing, extension is the result 

of the action of two muscle groups, the extensors and the 

intrinsics. In extension, these two muscle groups pull all 

of the joints the same way. 

2.3.2 Full Flexion 

When fingers are closed, they are fully flexed at every 

joint, as in (21). 

l°The difference between the actual configuration curved 
and the loosely curved configuration referred to here is that 
the curved configuration requires that the flexion at 
proximal interphalangeal/distal interphalangeal joints be 
greater. 
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21. (picture from Smith and Ting 1979: 208) 

In full flexion, (as in full extension) all of the joints are 

pulled the same way. To accomplish full flexion requires only 

the flexor muscles. No assistance is needed from any other 

set of muscles, unlike full extension. 

2.3.3 Curving 

The curved configuration requires extension at the 

metacarpophalangeal joint and flexion at the proximal 

interphalangeal/distal interphalangeal joints as shown in 

(22) . 

22. (picture from Smith and Ting 1979:208) 

In the curved configuration, not all of the joints are being 

pulled the same way. Two muscle groups, the extensors and the 

flexors, are required to accomplish the curved configuration. 

The flexors must flex the fingers at the proximal 

interphalangeal! distal interphalangeal joints. The extensors 

must extend at the metacarpophalangeal joint. 

2.3.4 Bending 

In the bent configuration, fingers are flexed at the 
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metacarpophalangeal joint and extended at the proximal 

interphalangeal/distal interphalangeal joints as shown in 

(23) . 

23. (picture from Smith and Ting 1979:208) 

Not all of the joints are pulled the same way: the 

metacarpophalangeal joints are flexed and proximal 

interphalangeal/distal interphalangeal joints are extended. 

However, only one set of muscles, the intrinsics (i.e., the 

lumbricals and interossei) are required for the hand to 

produce the bent configuration. 

Though it seems counter-intuitive, neither extensors nor 

flexors are activated in the production of the bent 

configuration; rather, it is accomplished by the action of 

intrinsic muscles alone (this contrasts with the situation 

for the curved configuration which required that two sets of 

muscles explicitly be activated). The intrinsics act as 

flexors at the metacarpophalangeal joints and extensors at 

the proximal interphalangeal/distal interphalangeal joints .. 

The reason that the contraction of the intrinsic muscles has 

the effect of flexing the metacarpophalangeal joints while 

simultaneously extending proxi.mal interphalangeal/distal 

interphalangeal joints has to do with their positioning in 
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the fingers. (Recall that the positioning of the common 

extensor played a role in explaining the extended 

configuration as well.) I explain the positioning of the 

intrinsics below. 

At the metacarpophalangeal joint, the intrinsics are 

located on the volar (palmar) side of the finger. The 

intrinsics curve around the finger and at the proximal 

interphalangeal joints they are located toward the dorsal 

side of the finger. At the distal interphalangeal joints, 

they are clearly on the dorsal side of the finger. This is 

illustrated in (24). 

24. (After Schider 1957:plate 4, figure 3, drawing of intrinsics mine) 

Intrinsics on dorsal side of finger 
at Distal Interphalangeal Joint 

Fingertip --;l> 

Intrinsics on volar side of finger 
at MetOacarpophalangeal Joint 

Therefore, contraction of a muscle with this positioning 

results in simultaneous flexion at the metacarpophalangeal 
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joints, and extension at the proximal interphalangeal/distal 

interphalangeal joints. 

Until this point in the dissertation, it has been 

tacitly assumed that the proximal interphalangeal and distal 

interphalangeal joints act as one 

labelled them as "the proximal 

(for example, I have 

interphalangeal/distal 

interphalangeal joints"). In fact, now it is easy to see why 

the proximal interphalangeal and distal interphalangeal 

joints generally function as a unit (Brand, 1985): they 

function as a unit in extension because the intrinsic muscles 

control them both, as explained above. In flexion, the distal 

interphalangeal joint is controlled by the profundus. The 

proximal interphalangeal joint is controlled by the 

superficialis. However, in most people, it is uncommon for 

flexion of the distal interphalangeal joint to occur without 

flexion of the proximal interphalangeal joint, except in two 

cases. 

First, the distal interphalangeal joint can be extended 

while the proximal interphalangeal is flexed when the distal 

phalanx is held against the palm or the thumb. This occurs 

commonly when (i) threading a needle, in which the distal 

interphalangeal joint of the index can be held extended while 

the proximal interphalangeal of the index is flexed, or when 

(ii) making a handshape similar to a fist, in which the 

distal interphalangeal joints can be held open by the palm, 
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while the proximal interphalangeal joints are flexed. These 

are pictured in (25). 

25. (pictures by Kristina Moerdyk) 

Threading a Needle Making a "fist" 

Second, the distal and proximal interphalangeal joints 

do not act as a unit when the profundus is not activated at 

all, leaving just the superficialis to flex the proximal 

interphalangeal joint. For example, consider the handshape 

in ASL NAIVE, pictured in (26). 

26. (picture by Kristina Moerdyk) 
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In the ring finger in (26), the proximal interphalangeal 

joint is clearly flexed. However, the distal interphalangeal 

joint seems "dead", neither flexed nor extended. 

These exceptions notwithstanding, in both flexion and 

extension, the proximal interphalangeal joint and the distal 

interphalangeal joint operate for the most part as one unit. 

A summary of what has been .said so far is provided in 

(27) • 

27. 

pulls joints same two muscle groups 
way 

extended + 
closed 
curved + + 
bent + 

(To clarify the "two muscle groups" criterion, I note in (28) 

which groups of muscles are required to execute the 

configuration. ) 

28. 

I Configuration II Accomplished by I 
extended extensors, intrinsics 
closed flexors 
curved extensors, flexors 
bent intrinsics 

As a summary of sorts to the preceding four subsections which 

described the physiology of extension, flexion curving and 

bending, I provide the following discussion about why flexors 

flex, why extensors extend and why intrinsics flex and 
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extend. The reason that all of the flexors in the hand and 

forearm cause flexion is that from their origins to their 

insertions, all the flexors run along the volar side of the 

hand and forearm. This positioning results in a line of pull 

which causes flexion in the fingers when the flexors are 

contracted. Similarly, all of the extensors are positioned 

along the dorsal side of the hand and forearm. This 

positioning causes the extensors to extend the fingers when 

they are contracted. The intrinsic muscles function both as 

extensors and flexors; not surprisingly, this also is due to 

their positioning in the hand and fingers. At their origins 

(in the middle of the hand), the intrinsics are located on 

the volar side of the hand (recall that the flexors, 

described above, are also located on the volar side of the 

hand and forearm). At their insertions, the intrinsics are 

located on the dorsal side of the fingers. (Recall that the 

extensors, described above, are also located on the dorsal 

side of the hand.) Specifically, at the metacarpophalangeal 

joints, the intrinsics are on the volar side of the hand, 

resulting in their functioning as flexors at that joint. 

However, at the proximal interphalangeal/distal 

interphalangeal joints, the intrinsics are located on the 

dorsal side of the fingers, resulting in their functioning 

as extensors at that joint. Because intrinsic muscles have 

properties of both extensors and flexors, they function as 
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synergists for both the flexors and the extensors. 

Summarizing, the extensors can only extend, the flexors can 

only flex, and the intrinsics can both flex (at the 

metacarpophalangeal joint) and extend (at the proximal 

interphalangeal/distal interphalangeal joint). Because the 

extensors and flexors have opposite functions (flexion and 

extension), they maximally oppose each other. Because the 

intrinsics function as both extensors and flexors, they do 

not maximally oppose the extensors or the flexors. 

2.3.5 Spreading 

When fingers are II spread II, they are abducted (i. e . , 

spread apart from each other so that there are spaces in 

between) as in (29). 

29. (picture from Smith and Ting 1979:208) 

The two sets of anatomical facts discussed in section 2.1.5 

cause a natural tendency for fingers to abduct when 

extending. First, the opportunity for fingers to spread 

(abduct) when extending is created by the shape of the' 

metacarpal head and the location of the collateral ligaments. 

When there is flexion at the metacarpophalangeal joint (as 

in l1a), repeated here as (30), the collateral ligaments are 

required to stretch around the metacarpal head to connect it 



with the proximal phalanx. 

30. (pictures by Sandy Sasarita) 

, 
Metacarpal Head 

Taul Collateral Ugament 

~ 
Proximal PhalanX 

a. collateral ligaments when metacarpophalangeal is flexed 

Loose Collateral Ugament 

:: ::I£~~~ 
Metacarpal Head" Proximal Phalanx 
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b. collateral l~gaments when metacarpophalangeal is extended 

In so doing, the ligaments become taut and cannot then allow 

abduction. The situation is different when there is extension 

at the metacarpophalangeal joint (as in 30b). In this case, 

the ligaments do not have to reach around the large part of 
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the metacarpal head, and are therefore loose. When the 

ligaments are loose, abduction of the fingers is possible. 

Second, the positioning of the attachments of the 

tendons of the extensor digi torum communis at the 

metacarpophalangeal and carpometacarpal joints causes them 

to function as abductors because of their line of pull 

(MacConaill and Basmaj ian, 1969: 214). When the extensor 

digitorum communis contracts (i.e., to extend the fingers), 

if each of its tendons is to end up in a straight line, the 

fingers are forced to abduct slightly. In the picture on the 

left in (12), repeated here as (31), the fingers are abducted 

and each of the tendons of the extensor digitorum communis 

is aligned. 

31. (pictures by Sandy Sasarita) 

In the picture on the right in (31), the adducted fingers are 

shown; notice that the tendons of the extensor digitorum 



140 

communis are not aligned, except for the middle finger. 

That the fingers are inclined to open and spread at the 

same time cannot be considered an absolute: fingers can 

certainly extend and not abduct. To override the natural 

tendency, the adductor muscles in (32) (i.e. the three palmar 

interossei and the adductor pollicis), must be used. 

32. (After Wells 1969:296,298) 

Palmar Interossei 

Adductor Pollicis 

Fingers must adduct when they close, an observation for which 

the physiology is completely responsible. 

2.3.6 Opposition 

Throughout this work, I consider fingers to be opposed 

to the thumb when either (i) the fingertip pad(s) is (are) 

touching the fingertip pad of the thumb, or (ii) the 

fingertips of the thumb and the opposed fingers are touching. 

Excluded from opposition are configurations in which the 
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fingers are "restrained behind the thumb II (i.e., when the 

fingertip pad of the thumb is touching the fingernail{s) of 

the "restrained" fingers) (Mandel 1981 :page ; Corina and Sagey 

1988:4). I consider the fingers in such handshapes to be 

"closed". An opposed handshape is pictured in (33). 

33. (picture from Smith and Ting 1979:208) 

opposition is similar to bending in two ways. First, in 

both there must be flexion at the metacarpophalangeal joint. 

Second, both will tolerate a small degree of proximal 

interphalangeal/distal interphalangeal joint flexion. 

Opposition and bending differ in one way: contact with the 

thumb is necessary in opposed handshapes, while in bent 

handshapes, there is no contact with the thumb. 
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2.4 Summary of Chapter Two 

In this chapter, I have examined the anatomy and 

physiology of the hand and fingers. I begin in section 2.1 

with a discussion of the anatomy of the hand. There I make 

clear the basic anatomy of the relevant bones, joints, 

muscles and juncturae tendinurn. This background is a 

necessary precursor to establishing the physiological results 

of having this particular anatomy for the fingers (in section 

2.2) and for the hand as a whole (in section 2.3). Section 

2.2 discusses facts about single fingers and groups of 

fingers. For example, from the discussion in section 2.2.1, 

the thumb emerged as the most mobile finger. Section 2.2.2 

shows that the radial fingers are physiologically different 

from the ulnar fingers: the radial fingers are capable of 

executing precision movements, while ulnar fingers are not. 

Section 2.3 shows the physical similarities and differences 

between the configurations extended, closed, bent, curved. 

In addition, it discusses two additional configurations: 

spread and opposed. 

In Chapter Three, I use the physiological facts and 

hypotheses presented here to construct a theory of ease of 

articulation which can be invoked to account for the 

frequency with which different handshapes occur in sign 

languages. Specifically, in Chapter Three, I assign a 

relative "ease of articulation" score to each logically 
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possible handshape. Then I in Chapters Four and Fi ve I I 

compare the relative ease of articulation of each handshape 

to the number of times the handshape occurs in the TSL and 

ASL samples. 



CHAPTER 3: 
A THEORY OF EASE OF ARTICULATION 

FOR HANDSHAPE 

3.0 Introduction 
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Chapter Two provided an examination of anatomic and 

physiological facts about the hand. For example, Chapter Two 

explained that the thumb, index and pinky are equipped with 

independent extensors, while the middle and ring have no such 

muscles. We saw in Chapter Two that there was no such 

asymmetry in the flexors. We saw physiological motivation 

that the radial fingers can perform precision movements but 

the ulnar fingers cannot. We saw that the execution of some 

configurations (such as closed) require fewer muscle groups 

than other configurations (such as curved) . We saw that there 

is a natural tendency for fingers to spread while extending. 

Finally, we saw that opposition and bending are similar and 

that the opposition of the index or middle to the thumb does 

not require that the opponens pollicis brevis or longus be 

activated. 

The consequence of the fact that the digits are 

differently equipped with muscles and joints is that some 

digits are more capable of assuming various configurations 

than others. For example, the index finger can fully extend 

with the rest of the fingers closed while the ring finger 

cannot. This is attributed to fact that the index finger has 

an independent extensor, and the ring does not. We might say 
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that it is lIeasy" to extend the index with the rest of the 

fingers closed. To fully extend the ring with the rest of the 

fingers closed is II impossible ll
• The ring can assume the bent 

configuration, but it is quite challenging! 

Chapter Three takes the physiological facts explained 

in Chapter Two and constructs an explicit model based on 

them. This model separates logically possible handshapes into 

three groups: those which are "easy", those which are IIhard" 

and those which are IIphysically impossible ll
• Chapter Three 

accomplishes this by using a scheme in which (i) 

physiologically-based criteria are applied (ii) to fingers 

or groups of fingers in handshapes. (iii) Each group of 

fingers receives a score, and finally, (iv) the whole 

handshape receives an "ease score" for ease of articulation. 

In the following subsections, I discuss each of these aspects 

of the model in turn. 

Section 3.1 motivates three physiologically-based 

criteria which are applied to each handshape. Section 3.2 

discusses the specifics of how the criteria apply to any one

group or two-group handshape. Section 3.3 provides a detailed 

explanation of a sample calculation of both a two-group and 

one-group handshape with the algorithm to determine ease of 

articulation. In Section 3.4, I determine the lIease score ll 

for each logically possible handshape. Section 3.5 discusses 

the method of calculating the lIease scores" for handshapes 
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in which some fingers are opposed to the thumb. Section 3.6 

discusses how to calculate the "ease score" for handshapes 

in which some extended or curved fingers are unspread. 

Section 3.7 contains a summary of Chapter Three. All pictures 

in Chapter Three are from Smith and Ting (1979:208). 
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3.1 Motivating the Criteria 

In this section, I motivate three physiologically-based 

criteria which are used to determine the relative ease of 

articulation of a large number of logically possible 

handshapes. These handshapes include (i) those in which all 

fingers are in one group and (ii) those in which the fingers 

are divided into two groups, in the following two cases. 

First, some fingers are either bent, curved or extended with 

the rest of the fingers closed and second, that some fingers 

are either bent or curved with the rest of the fingers 

extended. In all of these handshapes, any fingers that can 

be spread (i. e., any fingers that are either extended or 

curved) are spread. Finally, none of the handshapes above 

include any in which fingers are opposed to the thumb. The 

three criteria used to rank the logically possible handshapes 

are: Muscle Opposition in Configuration, Independent 

Extensor/Sufficient Support and Profundus/Juncturae Tendinum. 

I discuss each in turn. 

3.1.1 Criterion One: Muscle Opposition in Configuration 

I argue in this section that there are good reasons to 

consider the four configurations (i.e., extended, bent, 

curved and closed) unequal in terms of their levels of 

difficulty. Recall from section 2.3.4 that each of the four 

configurations is accomplished physiologically by balances 

struck between various muscle groups in the forearm and hand. 
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Recall the following facts about the hand's muscle groups. 

The extensors and the flexors have opposite functions (i.e., 

extension and flexion, respectively), and therefore they 

maximally oppose each other. The intrinsics function as both 

extensors and flexors, thus, they do not maximally oppose 

either the extensors or the flexors. I use these 

physiological facts to propose a ranking of the four 

configurations in terms of ease, based on how much opposition 

exists between the muscle groups necessary for the hand to 

assume the configuration. 

A ranking of hand configurations from the physiological 

literature does not exist as far as I know. In order to 

create a ranking, I assume/claim that the more opposition 

between the necessary muscle groups in a configuration, the 

more difficult the configuration is to articulate. This (and 

related ideas) has some precedence in the oral phonetic and 

phonological literature. 

Phonetics 

In the phonetic literature, both "synergy" and 

"antagonism" have been appealed to. For example, it has been 

hypothesized that consonant vowel coarticulation arises from 

a "synergy constraint" which seeks to keep the actions of the 

tongue tip and tongue body coordinated (Lindblom 1983). 

Lindblom and Sundberg (1971) concluded that antagonism was 

characteristic of the supershapes of the tongue in the bite-



149 

block pronunciations (see section 1.1.1.1). This means that 

various muscles in the tongue oppose each other in order to 

create the supershapes. 

Phonology 

Archangeli and Pulleyblank (in press) have extended the 

use of these terms to characterize the relation between two 

phonological features. They cite the articulatory or acoustic 

reasons to assert that the relation between two features is 

either synergistic or antagonistic. So, for example, 

Grounding Theory conceives of features such as [+advanced 

tongue root], [-advanced tongue root] and [+high] as 

instructions to the tongue; thus, the first instructs the 

tongue root to advance, the second instructs the tongue root 

to retract and the third instructs the tongue body to raise. 

Any two given instructions to the tongue (i.e., feature 

combinations) are either antagonistic to each other or 

synergistic to each other. If they are antagonistic, the 

tongue is instructed to move in opposing directions. A case 

in point is when the instructions [+high] and [-advanced 

tongue root] are combined. The instruction [+high] raises the 

tongue body, pushing it forward. But the instruction [

advanced tongue root] retracts the tongue root. This creates 

an antagonism. If, on the other hand, a feature combination 

is synergistic, then the instructions to the tongue cause the 

tongue to move in the same direction. For example, the 
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instructions [+advanced tongue root] and [+high] both have 

the same result: the tongue moves forward and raises. 

Under Grounding Theory, specific claims are made about 

sounds that result from combinations of features in an 

antagonistic relationship. First, they are unstable 

historically, meaning that sounds produced from antagonistic 

feature combinations tend to be replaced by sounds produced 

from synergistic combinations. Second, sounds produced from 

antagonistic combinations are more marked across languages 

than sounds produced from synergistic combinations 1
• 

Similarly claims are made about synergistic feature 

combinations. First, such sounds are stable historically; 

they typically do not change over time to a sound made from 

an antagonistic combination. Second, they are relatively 

common across languages. The claim that sounds produced from 

antagonistic feature combinations are difficult to articulate 

has not been explicitly advanced in either the phonetic or 

phonological literature (i.e., Grounding Theory) to my 

knowledge. It should be noted that the terms antagonism and 

synergy are used in Grounding Theory to describe the relation 

between two features, not between two muscles or two groups 

11 . examine the question of whether the IIdifficultll 
handshapes-- not configurations, since they are only a part 
of a handshape-- are marked within a single sign language in 
Chapters Four and Five. In this dissertation I do not deal 
with the question of whether particular handshapes are also 
unstable over time. 
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of muscles. 

This dissertation uncovers phonetic facts about 

handshapes: for example, which fingers "like" to work 

together and which configurations are easiest. These are some 

of the phonetic underpinnings upon which phonological 

theories which respond to the phonetics rely; for example, 

distinctive feature theory (Chomsky and Halle 1968), 

Grounding Theory (Archangeli and Pulleyblank, in press), and 

underspecification theory (for example, Keating 1988 and Cohn 

1990) . 

Returning to the matter at hand, the Muscle opposition 

in Configuration criterion is stated in (1). Since this 

criterion has to do with the hand as a whole, not individual 

fingers, the discussion deals with opposi·tion between the 

muscles/muscle groups which potentially control the hand as 

a whole. These are (i) the common extensor, which extends the 

fingers at the metacarpophalangeal joint, (ii) the flexors 

digitorum profundus and superficialis, which flex the fingers 

at particular joints and (iii) the intrinsics, which flex the 

fingers at some joints and extend them at other joints. 

1. Muscle opposition in Configuration Criterion 

How much opposition exists between the muscles necessary 
to produce a configuration? 

I use this criterion, and an additional set of observations 

to arrive at the ranking of configurations in (2): 



2. HARDEST - maximal opposition: 
- less opposition 
- less opposition 

EASIEST - least opposition 

curved 
extended 
bent 
closed 
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Consider the question in (1). To decide how much 

"opposition" occurs in a configuration, we must inspect the 

muscles which are "necessary" to produce it. In (3), I list 

the muscles "necessary" and "not necessary" to produce each 

of the four configurations. Recall that a muscle may act as 

a prime mover (initiating, carrying out and maintaining the 

configuration), a synergist (helping the prime mover), or an 

antagonist (relaxing to let the prime mover do the action) . 

If a muscle is either a prime mover, or a synergist (i.e., 

doing something), it is listed in (3) as "necessary". If it 

is an antagonist (i.e., relaxing), I list it as "not 

necessary". The muscles which are "not necessary" are simply 

relaxing, and therefore not contributing to any opposition. 

3. 

I I 
r.-ll . --", 

Extensors Flexors II II Intrinsics II 
closed not necessary necessary U not neces,.ry 
bent not necessary not necessary necessary 
extended necessary not necessary necessary 
curved necessary necessary not necessary 

In (3), some of the configurations have one group of 

"necessary" muscles, and some have two. Configurations which 

use only one set of muscles show no evidence of opposition. 

Configurations which use two muscle groups have some amount 

of opposition. As discussed in section 2.3.4, the extensors 
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and flexors maximally oppose each other. Therefore, any 

configuration which uses BOTH extensors and flexors has 

maximal opposition. The intrinsics do not maximally oppose 

either the flexors or the extensors; they oppose and 

synergise with flexors and extensors. Therefore, there is 

less opposition in configurations which use either the 

extensors or the flexors AND the intrinsics. 

I derive the following ranking of configurations. The 

curved configuration is the most difficult, since it involves 

both the extensors and the flexors, which maximally oppose 

each other. Extended is second, because it uses the extensors 

and the intrinsics, between which there is less opposition. 

Finally, bent and closed are the simplest; they require only 

one group of muscles, with no opposition from any other. 

Thus, we arrive at the three-way distinction in (4). 

4. HARDEST - maximal opposition: curved 
- less opposition extended 

EASIEST - least opposition bent, closed 

So far the criterion based on muscle groups has not been 

able to distinguish between bent and closed. I turn now to 

three independent sets of observations which distinguish bent 

from closed. 

First, developmental factors suggest that the ability 

to completely flex the hand muscles till the hand closes is 

acquired very early. There are two reasons for this. First, 

full flexion is involved in some reflexes evident in infants, 
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such as the palmar grasp reflex. So for example, if something 

is put in the palm of an infant, the infant will grasp it. 

Second, infants are born with their muscles flexed and only 

later develop the ability to extend them (Boyes-Braem 

1991: 111, Halverson 1937) . Recall that the bent configuration 

requires extension at the proximal interphalangeal and distal 

interphalangeal joints. 

Second, when the hand is relaxed, as in sleep, the 

flexors predominate over the extensors, since the fingers are 

loosely flexed at all the joints. This suggests that it is 

more natural to flex than to extend the hand. Closing 

requires only flexion, while bending requires both flexion 

and extension. 

Finally, the closed configuration is physically strong. 

Consider the following. Extended fingers cannot be prevented 

from making a fist, which shows that the flexors are strong. 

However, fully flexed fingers can be prevented from 

extending, illustrating that extensors are weaker than 

flexors. Grasps in which the fingers are fully flexed are 

used in the largest number of prehensile functional 

activities. Other partially flexed configurations, such as 

those resembling bent and curved, are not used as often. I 

take these observations as preliminary evidence that the 

closed configuration is simpler than bent. This discussion 

results in the ranking of configurations as in (2). 
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3.1.2 Criterion Two: Independent Extensor/Sufficient Support 

Next, consider the Independent Extensor/Sufficient 

Support criterion. This criterion (i) refers to the 

capabilities of individual fingers, or the subgroupings of 

fingers, but not the hand as a whole and (ii) applies to the 

least flexed fingers in a handshape. Therefore, it examines 

characteristics of individual fingers and subgroups of 

fingers relevant to extension. The relevant physiological 

characteristics are muscles/muscle groups which control 

individual fingers (the extensor pollicis longus, the 

extensor indicis proprius, the extensor digiti minimi) and 

the juncturae tendinum. The Independent Extensor/Sufficient 

Support criterion is stated in (5). 

5. Independent Extensor/Sufficient Support Criterion 

In a given handshape, does the extended finger have 
either (a) an independent extensor or (b) "sufficient 
support" (to extend)? 

Recall that the thumb, index and pinky have independent 

extensors, and so the answer to (5a) is YES. The question in 

(5b) arises in connection with combinations of fingers which 

include the middle and the ring. In section 2.2.5, I observed 

that the middle and ring can fully extend, due to the 

juncturae tendinum. This takes place under certain 

circumstances: (i) with an immediately adjacent "independent 

extensor fingerll or (ii) with a group of extended fingers in 

which each member is adjacent to at least one other member 
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of the group and one of the members has an independent 

extensor. Under either of these conditions, the middle and 

ring behave as if they have an independent extensor. This is 

summarized in (6). 

6. Sufficient Support 

The middle and ring have sufficient support to extend 
if they are: 

(i) with a finger which has an independent extensor and 
is immediately adjacent 
i.e., this means that the following pairs can extend: 

ring and pinky 
middle and index 
*middle and pinky 
*ring and index 
*middle and ring 
*thumb and ring 
*thumb and middle 

(ii) with a group of extended fingers in which each 
member is immediately adjacent to at least one other 
member of the group and one of the members has an 
independent extensor. 

i.e., this means that the following groups can extend: 
index, middle, ring, pinky 
index, middle, ring 
middle, ring, pinky 
index, middle, pinky 
index, ring, pinky 
*thumb, index, ring 
*thumb, middle, pinky 
* thumb , middle, ring 

Thus, a finger may actually have an independent extensor 

(as in the case of the thumb, index and pinky), or it may 

have "sufficient support" (as in the case of middle and ring 

in the two conditions above) . 
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3.1.3 Criterion Three: Profundus/Juncturae Tendinum 

The third criterion, stated in (7), concerns whether all 

members of the set <middle, ring, pinky> act together. 

7. Profundus/Juncturae Tendinum Criterion 

Are the middle, ring and pinky either all included or 
all excluded from this group of fingers? 

Two things to note about this criterion are (i) that it 

refers to <middle, ring and pinky> as a group, and (ii) that 

it will be applied to the group of fingers in the handshape 

which is not the least flexed. Since the <middle, ring and 

pinky> can all be included or excluded from the most flexed 

fingers, we must examine both flexion (if they are included) 

and extension (if they are excluded). Thus, I address here 

the two sets of physiological motivation to c;:onsider <middle, 

ring and pinky> as a group in both flexion and extension. 

These are the musculature, specifically the flexor digitorum 

profundus, and the juncturae tendinum. 

To answer the question of why the middle t ring and pinky 

are considered to be a group as far as the musculature of the 

hand is concerned, we must consider not the muscles which 

control individual fingers, but the muscles which essentially 

control the hand as a whole. These are the muscles extrinsic 

to the hand: the extensor digitorum com~unis and the flexors 

digitorum profundus and superficialis. Of these, the 

construction of the flexor digitorum profundus groups the 
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middle, ring and pinky. The other two muscles act equally on 

all four fingers, and so suggest no particular grouping. 

The flexor digi torum profundus, which flexes the fingers 

at the distal interphalangeal joint, has one muscle head for 

the middle, ring and pinky. The effects of this anatomical 

fact were explained in section 2.2.4, in which I showed that 

no one finger of the set <middle, ring and pinky> can be 

curved, with the rest of those in the set extended. Because 

the profundus has a separate muscle head for the index alone, 

the index can be curved while the other fingers are extended. 

Thus, the flexor digitorum profundus facts indicate that the 

middle, ring and pinky are a group separate from the rest of 

the fingers. 

In section 2.3.5, I discussed the hypothesized effects 

of the juncturae tendinum (right-side-up V and up-side-down 

V) upon the fingers. I concluded that the middle, ring and 

pinky should be considered a group separate from the index 

because of the effects of up-side-down V. This is summarized 

in (8). 

8. Physiological Effect of Up-side-down V 
Middle, ring and pinky are less independent from each 
other. 

Physiological Effect of Right-side-up V 
Index and middle are more independent from each other. 

The juncturae tendinurn facts suggest that the middle, ring 

and pinky be grouped together while the index is a separate 

entity. 
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3.2 Applying the Criteria 

In section 3.1, I noted that the Independent Extensor 

/Sufficient Support criterion applies to the least flexed 

group of fingers in a handshape. The Profundus/Juncturae 

Tendinum criterion applies to the other group of fingers. The 

muscle opposition in configuration criterion applies to the 

selected fingers. In this section, I flesh out the details 

of how these criteria are applied in handshapes in which 

there are two groups of fingers and handshapes in which all 

of the fingers are doing the same thing. 

3.2.1 Two-Group Handshapes 

In all two-group handshapes, the Independent 

Extensor/Sufficient Support criterion applies to the least 

flexed fingers because the independent extensors are 

responsible for the difference in fingers' abilities to 

extend2. In all two-group handshapes, the 

Profundus/Juncturae Tendinum criterion pertains to the other 

group of fingers. The Muscle Opposition in Configuration 

criterion applies to the least flexed fingers in the rest-

closed handshapes, and to the most flexed fingers in the 

rest-open handshapes. In other words, the Muscle Opposition' 

2Whether a finger has an independent extensor also seems 
to have an effect on bending, since, as I show later, the 
fingers which are easiest to bend are those which have 
independent extensors. 
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criterion applies to the "selected" fingers3 in a handshape. 

The relevant observation about groups of fingers in ASL 

two-group handshapes is that the two groups represent the 

"selected" vs. "unselected" fingers (Mandel 1981) {or the 

"specified" and "unspecified" fingers (Sandler 1989; Corina 

and Sagey 1988)). Each group is characterized as having 

different properties; for example, selected fingers can be 

in any configuration but closed, they can change shape in a 

handshape-change sign, and they can make contact with the 

other hand, or some part of the body. The unselected fingers 

are either all fully extended, or all fully flexed (Mandel 

1981; Sandler 1989; Corina and Sagey 1988). Closed fingers 

then are unselected since the selected fingers can never be 

closed. I treat any handshape which has two groups of 

fingers, one of which is extended and the other closed (i. e. , 

extended-closed handshapes) as if the extended fingers are 

selected ang the closed ones are unselected (i. e. "the rest") . 

Thus, in all "extended-closed ll handshapes, "the rest" of the 

3Although the exact formulation of Mandel's criteria for 
selected and unselected fingers has been challenged (Ann 
1990, Ann 1991) I use it here for several reasons. First, it 
is widely known in the literature. Second, without it, the 
same extended-closed handshape would have its "ease score" 
calculated twice. This is because an "extended-closed" 
handshape could be considered to have some number of fingers 
closed with the rest extended, or some number of fingers 
extended with the rest closed. With Mandel's (1981) criteria 
for selected and unselected, the redundancy of calculating 
the "ease score" twice is eliminated. 
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fingers are closed. 

3.2.1.1 The group with the least flexion 

This section explains how to locate the group of fingers 

which has the least flexion in any two-group handshape. In 

handshapes in which one group of fingers is closed, the other 

group of fingers might logically be configured one of three 

ways, listed in (9): 

9. Configurations Possible if one group of fingers is 
closed 

possible Configurations of 
Other (Selected) Fingers 

a) extended 
b) bent 
c) curved 

One Group 
of Fingers 

closed 
closed 
closed 

Let us consider the sort of handshape in (9a). Extended 

fingers have no flexion, and closed fingers are flexed at 

both joints4. In (9a) then, the group of fingers with the 

least flexion is the extended group. In (9b), the bent 

fingers are flexed at one joint, and the closed fingers again 

are flexed at two joints. In (9b) then, the bent fingers are 

the least flexed. In (9c), the curved fingers are flexed at 

one joint, and the closed fingers are flexed at two joints. 

Therefore, in (9c), the curved fingers are the least flexed. 

4Recall from section 2.3.4 that physiologically, the 
proximal interphalangeal joint/distal interphalangeal joints 
function for the most part as a unit. 
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In handshapes in which one group of fingers is extended, 

the other group could logically be configured as in (10): 

10. Configurations Possible if one group of fingers is 
extended 

Possible Configurations of 
Other (Selected) Fingers 

a) curved 
b) bent 
c) closed 

One Groun 
of Fingers 

extended 
extended 
extended 

In (10a)-{10c), the extended fingers are the least flexed, 

since they are not flexed at any joint. 

3.2.2 One-Group Handshapes 

I turn now to one-group handshapes. Recall that in one-

group handshapes all five digits assume the same 

configuration. We arrive at the ease score for a one-group 

handshape with the same two steps as for the two-group 

handshapes. First, we apply either the Independent Extensor/ 

Sufficient Support criterion or the Profundus/Juncturae 

Tendinum criterion. Second, we apply the Muscle opposition 

in Configuration criterion. In section 3.3.2, I explain the 

results of the calculation and why it makes no difference 

which of the Extensor or Profundus criteria is applied. 

A summary of what has been said so far is given in (II). 
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11. 

I Criteria II Applies to I 
independent extensor/ (i) least flexed fingers 
sufficient support 

profundus/juncturae (i) other group of fingers 
tendinum 

muscle opposition in (i) least flexed fingers, rest open 
configuration (E) most flexed fingers, rest closed 

*if open and closed, apply to open 

3.2.3 The Algorithm 

Any handshape can be assigned "+" or "-" for these three 

criteria. This system gives points for difficulty, not ease, 

so plus values, always worth zero, indicate ease, while minus 

values, always worth one, indicate relative difficulty. Given 

this, we can now calculate the "ease scores" using the 

algorithm in (12). 

12. Algorithm to calculate ease score 

( IE/ SS + P / JT) x Moe of selected fingers 

where: 

IE/SS = Independent Extensor/Sufficient Support 
P/JT = Profundus/Juncturae Tendinum 
MOC = Muscle Opposition in Configuration 

The algorithm says that the number values for the Independent 

Extensor/Sufficient Support criterion and the 

Profundus/Juncturae Tendinum criterion are added. The sum is 

multiplied by the value for the selected fingers according 

to the chart in section 3.1.1 repeated here for convenience. 



l3. closed 0 
bent 1 
extended 2 
curved 3 

l64 

The Independent Extensor/Sufficient Support and the 

Profundus/Juncturae Tendinum criteria can be phrased as 

questions; these are "does each finger in this group have 

either an independent extensor or sufficient support to 

extend?" and "are the middle, ring and pinky either all 

included or all excluded from this group?" An answer of YES 

is given a plus value, and an answer of NO is given a minus 

value. For example, if the answer to the Independent 

Extensor/Sufficient Support criterion (always applied to the 

least flexed group of fingers in a handshape, as explained 

in 3.2.1.1) is YES, then a "+" is given to that handshape in 

that column as in (13). If the answer to the Independent 

Extensor/Sufficient Support criterion for the least flexed 

group of fingers is NO, then a "-" is given to that handshape 

in the relevant column in (14). 

14. Handshape 

Independent Extensor / 
Sufficient Support 

+ (=0) 
- (=1) 

Profundus/Juncturae 
Tendinum 

+ (=0) 
- (=l) 

Similarly, if all of the members of the set middle, ring and 

pinky are either included or excluded from the most flexed 

set of fingers (Le., if the answer is YES), then the 

handshape receives a plus in the appropriate column. If only 

some of the members of the set <middle, ring, pinky> are 
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included or excluded, then the handshape receives a minus. 

To summarize, thus far I have laid out the details of 

how to apply the criteria to a given handshape. First, I 

compute a temporary "score" for each group of fingers in the 

logically possible handshapes. Next, I multiply this value 

by the Muscle Opposition in Configuration criteria to arrive 

at the "ease score" for the entire handshape. 

3.2.4 Why this Algorithm? Why Numbers? 

In this section, I explain the intuitions behind the use 

of the particular algorithm I have chosen, and the reason for 

the use of numbers to arrive at an "ease score" which 

indicates how easy it is to produce each logically possible 

handshape. 

The algorithm is (IE/SS + P/JT) x MOC. I base aspects 

of the algorithm upon observations about handshapes: first, 

the values for two criteria (Independent Extensor/Sufficient 

Support and Profundus/Juncturae Tendinum) are added. There 

are two reasons for combining the effects of these two 

criteria with addition. First, in some notational sense, 

taken together these two criteria account for all of the 

five fingers that could take part in a handshape. Second,' 

these two criteria contribute equally and in the same way to 

the difficulty of a handshape. 

A third criterion, Muscle Opposition in the 

Configuration of Selected Fingers is multiplied by the sum 
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of the values for Independent Extensor/Sufficient Support and 

Profundus/Juncturae Tendinum criteria. That this criterion 

is multiplied (and not added, subtracted or divided) is 

intended to capture the intuition that the effect of 

configuration upon the particular fingers which act together 

is in some sense magnified by which combination of fingers 

is configured in which fashion. That is, it is not the case 

that two fingers are able to act together independently of 

their configuration; rather, the two fingers can only act 

together if they are properly equipped to assume that 

configuration. Because of the difference between the first 

two criteria and the third criteria, I multiplied the number 

for the value of the configuration by the sum for the other 

criteria. 

I acknowledge many other possibilities to arrive at an 

ease score. For example, all numbers might be added, one 

number might be divided by the others, etc. However, since 

the ultimate point of the dissertation is to see how 

linguistic facts about handshapes compare with ease scores 

of handshapes, and not to argue for this particular 

calculation system, I leave it to future research to 

determine whether the use of addition and multiplication are 

the most appropriate for the intuitions I attempt to capture 

here, or whether other systems are better suited for this 

task. 
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In order to ultimately assign each logically possible 

handshape to a group based on its ease of articulation 

( "easy", "hard" or "impossible"), I use values assigned to 

criteria derived from the physiology. These values are then 

calculated according to the algorithm described above. This 

calculation provides explicitness that methods which, for 

example, simply place handshapes in separate groups cannot. 

The calculation allows us to see exactly why each handshape 

is in the particular group it is assigned. Further, it makes 

rather fine-grained distinctions between handshapes, thus 

providing further predictions as to which handshapes should 

be common and which should be rare. I point out in section 

3.3.1 that I do not test all of these predictions in this 

dissertation, but they might surely be tested in future work. 



3.3 Sample Calculations 

In this section, I 

calculation of the "ease 
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demonstrate each step in the 

scores" for both a two-group 

handshape, and a one-group handshape. 

3.3.1 Calculating the IIEase Score" for a Two-Group Handshape 

Consider the one-finger handshape in (15) in which one 

finger is extended, and the rest of the fingers are closed. 

lS. [I] 
The "ease score" for (15) is O. To explain how this is 

arrived at, I refer to the columns, labelled (A-E) and rows, 

labelled (1-5) in (16). To explain (16), Column A, Rows 1-5 

lists the extended, bent or curved finger in the logically 

possible "one-finger" handshapes: since there are five 

fingers, there are five of these. So, the first set of 

handshapes listed in Column A, Row 1 include the handshapes 

in (15), (17) and the bent version not pictured. Clearly the 

fingers in Column A are the least flexed group in these 

handshapes. The rest of the fingers for the handshapes in 

(15) and (17) are listed in Column C, Row 1. These are the 

index, middle, ring and pinky, abbreviated IMRP. Each set of 

fingers listed in Column C, Rows 1-5 are closed, thus they 

are clearly the most flexed fingers. Together, then, Columns 
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A and C show which fingers are in each of the two groups in 

fifteen logically possible handshapes. Column B lists the 

values for the Independent Extensor/Sufficient Support 

criterion for the fingers in Column A (the least flexed 

group). Each of the fingers listed in Column A is assigned 

a "+11 or a "_" in Column B, according to whether it has an 

independent extensor. Column D lists the values for the 

Profundus/Juncturae Tendinum criterion for the groups of 

fingers in Column C, Rows 1-5. 

The value for IE/SS + P/JT temporary score for (15) is 

in Row I, Column E in (16). This score is arrived at by 

adding the values for the two pluses in Row I, Columns Band 

D according to the formula in (12). Because pluses are worth 

zero, the result is zero. 

16. (IE/55 + P!JT) = Score 

One finger extended, bent, curved, rest closed 
A B C D E 

least Independent most Profundus/ 
flexed Extensor/ flexed Juncturae 
group Right Support group Tendinum Score 

1 Thumb + IMRP + 0 
2 Index + TMRP + 0 
3 Middle - TIRP - 2 
4 Ring - TIMP - 2 
5 Pinky + TIMR - 1 

Consider the handshape in (17). As it scores the same as (15) 

on the criteria, its ease score is identical to (15). 
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17.~ 
To arrive at the "ease score" for the handshape, the 

temporary score is multiplied by the value for the Muscle 

Opposition in the Configuration of the selected fingers, 

according to (13). The final ease scores for the handshapes 

when the selected fingers are extended, bent and curved are 

given in (18). 

To explain (18), Column A and Column B correspond to 

Column A and Column C respectively in (16). Columns A and B 

in (18) show what each of the groups of fingers which make 

up the handshape are doing: the least flexed group is 

extended and the other group is closed. Column C in (18), 

corresponding to Column E in (16), gives the temporary 

"score ll
• In Columns D, E and F in (18) the lIease score" for 

this set of logically possible one-finger handshapes is 

computed. 
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18 . S core x MOC of selected fingers 

One finger extended, bent, curved, rest closed 
A B C D E F 

least most Extended Curved Bent 
flexed flexed X2 X3 Xl 
group group Score 

Thumb IMRP 

W 
0 0 0 

Index TMRP 0 0 0 
Middle TIRP 4 6 2 
Ring TIMP 4 6 2 
pinky TIMR 2 3 1 

Following the same calculations, we now arrive at the 

ease scores for each handshape in Columns D, E and F. These 

are repeated in (19)5. 

5An alternative method of computation was suggested to 
me at different times by Diana Archangeli and Mike Hammond. 
To calculate the "ease score" for the handshape by this 
method, the score for each group of fingers is multiplied by 
the value for its configuration, and the values for each 
group are added. The results are: (i) far more handshapes are 
"easy" (ii) physically impossible handshapes stay the same, 
(iii) therefore fewer handshapes remain in the "hard'" 
category. This method seems more intuitive, but has two 
disadvantages, which led me to discard it. These are: (i) the 
math is slightly more complex and, (ii) the "easy" category 
is predicted to be larger than the "hard" category. If the 
hypothesis that the easy handshapes occur more often in a 
sign language is correct, then according to the data in 
Chapters Four and Five, the set of "easy" handshapes should 
be small. 
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19. Final Ease Score 

One finger extended, bent, curved, 
rest closed 

Extended Curved Bent 
X2 X3 Xl 

Thumb 0 0 0 

Index 0 0 0 
-

Middle *4 *6 2 

Ring *4 *6 2 

Pinky r-;l ~ 1 

In (19) certain handshapes are boxed, others are asterisked 

and still others are unmarked. This indicates which 

handshapes are lIeasyll, II hard II and lIimpossible ll . In this 

model, points are accumulated for difficulty, not for ease. 

Therefore, the highest numbers indicate impossible 

handshapes, the lowest indicate easy handshapes, and the 

numbers in between indicate handshapes which are difficult. 

Clearly, the question is exactly where to make the 

dividing lines between lIeasyll, IIhard ll and "impossible ll . One 

of the dividing lines is easy to draw: to distinguish the 

impossible handshapes from the rest, I simply let the 

physiology determine the cutoff point. For example, because 

the two handshapes pictured in (20), (that is, (i) extended 

middle with the rest of the fingers closed and (ii) extended 

ring with the rest of the fingers closed) are physically 
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impossible, and they have ease scores in (19) of > 4, then 

any handshape with the rest of the fingers closed which has 

a score of > 4 should be physically impossible. 

20. 

To distinguish the easy handshapes from the hard ones, I 

assume that "easy" handshapes are those which are assigned 

a score of 0, or, in effect, those which have nothing 

difficult about them. "Difficult" handshapes are those that 

are assigned a score above o. So, the highest "ease scores" 

in (19), asterisked, correspond to the physically impossible 

handshapes. The lowest "ease scores" in (19), unmarked, 

correspond to the easiest handshapes. The "ease scores" which 

fall in between, boxed by a single line in (19), indicate the 

difficult handshapes. 

In this model, all easy handshapes receive a score of 

zero. Consequently, no claims are made about the relative 

ease of handshapes in this category. Similarly, though some 

impossible handshapes have higher "ease scores" than others, 

one impossible handshape is not profitably considered "more 

impossible" than another. In contrast, the model makes claims 

about which of the difficult handshapes is more difficult 

than others. For example, according to (19), to curve the 
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pinky is harder than to extend it (cf. the "ease score" of 

3 for curved and the "ease score" of 2 for extended) . To bend 

the pinky is easier still, since it has an "ease score" on' 

1. However, in this dissertation, I do not make use of these 

predictions, since I consider all handshapes which are not 

easy, and not impossible to be simply difficult. Future 

research might make more use of the predictions of relative 

difficulty. 

3.3.2 Calculating the "Ease Score II for a One-Group Handshape 

If we apply the Independent Extensor/Sufficient Support 

criterion to a one-group handshape, it will always be the 

case that all of the fingers have either an independent 

extensor or sufficient support. Therefore, the handshape will 

always receive a "+" on the Independent Extensor/Sufficient 

Support criterion. A "+ " receives a zero, and so the 

handshape would end up with a zero as a temporary score. 

If we apply the Profundus/Juncturae Tendinum criterion 

to a one-group handshape, it will always be the case that all 

of the fingers in the set <middle, ring, pinky> act together. 

Thus, a one-group handshape would receive a "+" for the 

Profundus/Juncturae Tendinum criterion. A "+" has a value of 

zero; thus the handshape ends up with a temporary score of 

o. 

In order to arrive at the final "ease score" of a one

group handshape, we need to apply the Muscle Opposition in 
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Configuration criterion next. The temporary II score II of a one

group handshape (0) is mUltiplied by the number which 

corresponds to the ease of the configuration of the handshape 

(i. e., one for closed, two for bent, three for extended, four 

for curved). Because zero multiplied by any number is zero, 

the one-group handshapes will always have an ease factor of 

zero. This means that anyone-group handshape will be 

considered lIeasyll. 

This is a very significant result, because whatever the 

hand does when all of the fingers act together seems to be 

easy. Consider the contrast between a handshape involving 

extending only the middle finger (with the rest of the 

fingers closed), and another handshape in which all the 

fingers are extended. In the first handshape, the middle 

cannot fully extend, due to the lack of an independent 

extensor. But when all the fingers are extended, the 

restrictions on extending the middle no longer exist. In 

other words, when all fingers are extended, the middle is 

easy to extend. By assigning an II impossible II score to the 

first handshape, and a zero to the second, we capture this 

intuition about extending one finger vs. extending all the 

fingers in a non-circular fashion: by directly invoking the 

physiology. The lIease scores ll for all this set of logically 

possible handshapes are given in (20) and in the following 

bolded "C" charts. 
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3.4 The Statistics 

In this section, I apply the criteria to the relevant 

groups of fingers of the logically possible handshapes 

according to the computation scheme outlined. In (21)-(23), 

I provide the calculations for all of the logically possible 

handshapes with the rest of the fingers closed (two fingers, 

three fingers and four fingers). In (24)-(27), I provide the 

calculations for all of the logically possible handshapes 

with the rest of the fingers extended (one finger, two 

fingers, three fingers, four fingers). I do not re-explain 

all of the steps since the method of computation is exactly 

the same as the example I have just explained. I provide the 

same sequence of three tables corresponding to (16) (labelled 

A), (18) (labelled B) and (19) (labelled C) for each set of 

handshapes. The A and B charts are steps in the calculation; 

the bolded "e" chart gives the final "ease score" for each 

sort of handshape. 



Two Fingers, Rest Closed 

21. A (IE/SS + p/JT) = Score 

Two fingers extended, 

least Independent 
flexed Extensor/ 
group Right Support 

Th-In + 
Th-Mi -
Th-Ri -
Th-pi + 
In-Mi + 
In-Ri -
In-Pi + 
Mi-Ri -
Mi-pi -
Ri-pi + 

B Score x MOC of selected fingers 

bent, 

most 
flexed 
group 

MRP 
IRP 
IMP 
IMR 
TRP 
TMP 
TMR 
TIP 
TIR 
TIM 

curved, rest closed 

MRP 
all included/ 
all excluded Score 

+ 0 
- 2 
- 2 
- 1 
- 1 
- 2 
- 1 
- 2 
- 2 
- 1 

Two fingers extended, bent, curved, rest closed 

least most Extended Curved Bent 
flexed flexed X2 X3 Xl 

group group Score 

Th-In MRP 0 0 0 0 
Th-Mi IRP 2 4 6 2 
Th-Ri IMP 2 4 6 2 
Th-pi IMR 1 2 3 1 
In-Mi TRP 1 2 3 1 
In-Ri TMP 2 4 6 2 
In-pi TMR 1 2 3 1 
Mi-Ri TIP 2 4 6 2 
Mi-pi TIR 2 4 6 2 
Ri-pi TIM 1 2 3 1 

177 
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C Final Ease Score 

Two fingers extended, bent, curved 
rest closed 

least Extended Curved Bent 
flexed X2 X3 Xl 

group 

Th-In 0 0 0 
-

Th-Mi *4 *6 2 

Th-Ri *4 *6 1 

Th-Pi 

~ [J 1 

In-Mi 1 

In-Ri *4 *6 2 

In-Pi 0 0 1 

Mi-Ri *4 *6 2 

Mi-Pi *4 *6 2 

Ri-Pi G ~ 1 



Three Fingers, Rest Closed 

22. A (IE/SS + P/JT) = Score 

Three fingers, extended, bent, curved, rest closed 

least Independent most MRP 
flexed Extensor/ flexed all included/ 
group Right Support group all excluded Score 

TIM + RP - 1 
TIR - MP - 2 
TIP + MR - 1 
TMR - IP - 2 
TMP - IR - 2 
TRP + IM - 1 
IMR + TP - 1 
IMP + TR - 1 
IRP + TM - 1 
MRP + TI + 0 

B Score x MOe of selected fingers 

Three fingers, extended, bent, curved, rest closed 

least most Extended Curved Bent 
flexed flexed X2 X3 Xl 
group group Score 

TIM RP 1 2 3 1 
TIR MP 2 4 6 2 
TIP MR 1 2 3 1 
TMR IP 2 4 6 2 
TMP IR 2 4 6 2 
TRP IM 1 2 3 1 
IMR TP 1 2 3 1 
IMP TR 1 2 3 1 
IRP TM 1 2 3 1 
MRP TI 0 0 0 0 
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C Fina1 Ease Score 

Three fingers, 
extended, bent, curved, 

rest c10sed 

least 
flexed Extended Curved Bent 
group X2 X3 Xl 

TIM [0 L:J 1 

TIR *4 *6 2 

TIP 0 [2] 1 

TMR *4 *6 2 

TMP *4 *6 2 
.- r--

TRP 2 3 1 

IMR 2 3 1 

IMP 2 3 1 

IRP 2 3 1 
'-- '--- '-----

MRP 0 0 0 



Four Fingers, Rest Closed 

23. A (IE/SS + p/JT) = Score 

Four fingers extended, bent, curved, rest closed 

least Independent most MRP 
flexed Extensor/ flexed all included/ 
group Right Support group all excluded Score 

TIMR + P - 1 
TIMP + R - 1 
TIRP + M - 1 
TMRP + I + 0 
IMRP + T + 0 

B Score x MOC of selected fingers 

Four fingers extended, bent, curved, rest closed 

least more 
flexed flexed Extended Curved Bent 
group group Score X2 X3 Xl 

TIMR P 1 2 3 1 
TIMP R 1 2 3 1 
TIRP M 1 2 3 1 
TMRP I 0 0 0 0 
IMRP T 0 0 0 0 
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C Final Ease Score 

Four fingers 
extended, bent, curved, 

rest closed 

least 
flexed Extended Curved Bent 
group X2 X3 Xl 

TIMR 2 3 1 

TIMP 2 3 1 

TIRP 2 3 1 
- '- '-

nmp 0 0 0 

IMRP 0 0 0 

The following charts, represent the logically possible 

handshapes when the rest of the fingers are extended. The 

score for handshapes which are "easy" remains the same: zero. 

However if we allow the data to draw the line between the 

physically impossible and hard handshapes, the impossible 

handshapes have "ease scores ll of 2 and above, whereas in the 

IIrest closed ll handshapes they had ease factors of 4 and 

above. This means that the difficult handshapes can only have 

ease factors of 1. 



One Finger, Rest Extended 

24. A (IE/SS + p/JT) = Score 

I 
One finger bent, curved, rest extended 

least Independent most MRP 
flexed Extensor/ flexed all included/ 
group Right Support group all excluded 

IMRP + Thumb + 
TMRP + Index + 
TIRP + Middle -
TIMP + Ring -
TIMR + Pinky -

B Score x MOC of selected fingers 

One finger bent, curved, rest extended 

least most 
flexed flexed Curved Bent 
group group Score X3 Xl 

IMRP Thumb 0 0 0 
TMRP Index 0 0 0 
TIRP Middle 1 3 1 
TIMP Ring 1 3 1 
TIMR Pinky 1 3 1 
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I 
Score 

0 
0 
1 
1 
1 
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C Final Ease Score 

One finger bent, curved, 
rest extended 

least 
flexed Curved Bent 
group X3 Xl 

IMRP 0 0 

TMRP 0 0 
;----

TIRP *3 1 

TIMP *3 1 

TIMR *3 1 



Two Fingers, Rest Extended 

25. A (IE/SS + P/JT) = Score 

Two fingers bent, curved, rest extended 

least Independent most MRP 
flexed Extensor/ flexed all included/ 
group Right Support group all excluded 

MRP + TI + 
IRP + TM -
IMP + TR -
IMR + TP -
TRP + 1M -
TMP - IR -
TMR - IP -
TIP + MR -
TIR - MP -
TIM + RP -

B Score x MOC of selected fingers 

Two fingers bent, curved, rest extended 

least most 
flexed flexed Curved Bent 
group group Score X3 Xl 

MRP TI 0 0 0 
IRP TM 1 3 1 
IMP TR 1 3 1 
IMR TP 1 3 1 
TRP IM 1 3 1 
TMP IR 2 6 2 
TMR IP 2 6 2 
TIP MR 1 3 1 
TIR Ml? 2 6 2 
TIM RP 1 3 1 
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Score 

0 
1 
1 
1 
1 
2 
2 
1 
2 
1 



186 

C Final Ease Score 

Two fingers bent, curved 
rest extended 

least 
flexed Curved Bent 
group X3 Xl 

MRP 0 0 
-

IRP *3 1 

IMP *3 1 

IMR *3 1 

TRP *3 1 
L-

TMP *6 *2 

TMR *6 *2 

TIP *3 0 
TIR *6 *2 

TIM *3 N 



Three Fingers, Rest Closed 

26. A (IE/SS + P/JT) = Score 

Three fingers, bent, 

least Indeoendent 
flexed Extensor/ 
group Right Support 

RP + 
MP -
MR -
IP + 
IR -
1M + 
TP + 
TR -
TM -
TI + 

B Score x MOC of selected fingers 

curved, rest extended 

most MRP 
flexed all included/ 

group all excluded 

TIM -
TIR -
TIP -
TMR . -
TMP -
TRP -
IMR -
IMP -
IRP -
MRP + 

Three fingers, bent, curved, rest extended 

least most 
flexed flexed Curved Bent 
group group Score X3 Xl 

RP TIM 1 3 1 
MP TIR 2 6 2 
MR TIP 2 6 2 
IP TMR 1 3 1 
IR TMP 2 6 2 
IM TRP 1 3 1 
TP IMR 1 3 1 
TR IMP 2 6 2 
TM IRP 2 6 2 
TI MRP 0 0 0 
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Score 

1 
2 
2 
1 
2 
1 
1 
2 
2 
0 
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C Final Ease Score 

Three fingers, ber.t, 
curved, rest extended 

least 
flexed Curved Bent 
group X3 Xl 

RP *3 L:J 
MP *6 *2 

MR *6 *2 

IP *3 0 
IR *6 *2 

IM *3 

CJ TP *3 

TR *6 *2 

TM *6 *2 

TI 0 0 
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Four Fingers, Rest Extended 

27. A (IE/SS + P/JT) ~ Score 

Four fingers bent, curved, rest extended 

least Independent most MRP 
flexed Extensor/ flexed all included/ 
group Right Support group all excluded Score 

p + TIMR - 1 
R - TIMP - 2 
M - TIRP - 2 
I + TMRP + 0 
T + IMRP + 0 

B Score x MOC of selected fingers 

Four fingers bent, curved, rest extended 

least most 
flexed flexed Curved Bent 
group group Score X3 Xl 

p TIMR 1 3 1 
R TIMP 2 6 2 
M TIRP 2 6 2 
I TMRP 0 0 0 
T IMRP 0 0 0 
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C Final Ease Score 

Four fingers bent, curved 
rest extended 

least 
flexed Curved Bent 

group X3 Xl 

P *3 ~ 
R *6 *2 

M *6 *2 

I 0 0 

'1' 0 0 

This section provided the calculation and resulting ease 

score of the logically possible handshapes in which (i) the 

selected fingers are either extended, bent or curved and the 

rest of the fingers are closed, and (ii) the selected fingers 

are bent or curved and the rest of the fingers are extended. 

In the next sections, I calculate the "ease scores" for 

two additional sets of handshapes: those in which some 

fingers are opposed to the thumb, and those in which some 

fingers are unspread. 
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3.5 Opposed Handshapes 

Following others I assume that fingers in the closed 

configuration are different from fingers in the opposed 

configuration (Mandel 1981; Cor ina and Sagey 1988). Thus, 

this section examines handshapes in which some fingers are 

opposed to the thumb, with the rest of the fingers closed or 

extended. These are treated slightly differently from the 

handshapes discussed earlier. To calculate their "ease 

scores", we begin with the "ease score" of a similar 

handshape, and then consider additional criteria. In the 

following subsections, I explain the criteria for and method 

of arriving at an "ease score" for opposed handshapes. 

In order to calculate the "ease score" of an opposed 

handshape, I (i) begin with the ease score of the analogous 

bent handshape and (ii) consider one additional criterion: 

the Opponens Pollicis Criterion. In the following 

subsections, I explain how to calculate the "ease score" for 

opposed handshapes. 

3.5.1 Starting with the Bent "Ease Score" 

Opposed fingers are in essentially the same 

configuration as bent fingers, except that when fingers are 

opposed, there is thumb contact. It is appropriate to 

calculate the "ease score" of an opposed hand shape by 

beginning with the "ease score" for the bent version of the 

opposed handshape. Consider the opposed handshape in (28). 
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The relevant bent ease score is the one for the handshape in 

which the thumb and middle are bent but do not contact each 

other with the rest of the fingers extended. This handshape 

is given in the chart in (25); the relevant bent ease score 

is l. 

28. (picture from Smith and Ting 1979:208) 

The difference between the opposed handshapes with the rest 

of the fingers closed and with the rest of the fingers open 

lie in the "bent" scores for each. But, to calculate the 

difficulty of opposed handshapes, two additional factors must 

be considered. I discuss each in.turn. 

3.5.2 The Opponens Pollicis Criterion 

The thumb is necessarily involved in every opposed 

handshape. Therefore, the characteristics of the thumb 

relevant to opposition are expected to be important. Recall 

from section 2.2.1 that the opponens pollicis moves the thumb 

across the palm of the hand, getting it into position to 

oppose the fingers. The Opponens Pollicis Criterion is stated 

in (29). 
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29. The Ooponens Pollicis Criterion 

In this handshape, does the opposition of any finger to 
the thumb require that the opponens pollicis be 
activated? 

The thumb opposes the index and middle naturally, i. e. 

without activating the opponens pollicis. I interpret these 

facts to support the assertion that opposition of the thumb 

to the index and middle is easier than opposition of the 

thumb to the ring and pinky. 

3.5.3 Computing the lIease scores ll for Opposed Handshapes 

The "ease score" for opposed handshapes is derived as 

follows. First, take the appropriate "bent II ease factors from 

the charts in which the rest of the fingers are extended, or 

closed. Next, apply the Opponens Pollicis criterion. If the 

answer is YES, then the handshape receives a "_". If the 

answer is NO, the handshape receives a "+". As before, pluses 

have a value of zero and minuses receive a score of one. 

The "ease scores" for opposed handshapes are calculated 

in the following charts. The "ease scores" for the handshapes 

in which one to three fingers are opposed to the thumb and 

the rest of the fingers are extended are given in (30) 

through (32). The "Gase scores" for the handshapes in which 

one to four fingers are opposed to the thumb and the rest of 

the fingers are closed are given in (33) to (35). The chart 

in (36) contains the "ease scores" for the handshape in which 

all four fingers are opposed to the thumb. 
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In the chart in (30A) I list the fingers down the left 

side. Across the top, Column A has the appropriate "bent 11 

score, Columns B lists the values for the Opponens Pollicis 

criterion. Column C lists the "ease scores ll for the opposed 

handshapes. The balded chart in (30B) contains the final ease 

score for the opposed handshapes. Following this, all of the 

A charts contain the calculations for the opposed handshapes, 

and the balded B charts contain the final lIease score ll
• 

I interpret the numbers in (30) through (36) as follows: 

zero indicates an "easy" handshape, 1-2 indicates a difficult 

handshape and 3-4 indicates a physically impossible 

handshape. The familiar notation appears in each B chart: 

impossible handshapes are asterisked, difficult handshapes 

are boxed by a single line, easy handshapes are unmarked. 
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Rest of Fingers Extended 

30. A Bent + OP = Opposed 

FINGER CONFIGURATIONS 

Rest of Fingers Extended 

A Bent B Opponens C Opposed 

I (&T) 0 - =0 

M(&T) 1 - =1 

R(&T) 1 + =2 

P(&T) 1 + =2 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Extended 

Opposed 

I (&:T) 0 
.-----

M (&:T) 1 

R(&:T) 2 

P (&:T) 2 
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31. A Bent + OP Opposed 

FINGER CONFIGURATIONS 

Rest of Fingers Extended 

bent opponens opposed 

IM (&T) 1 + 1 

IR(&T) 2 - 3 

IP(&T) 2 - 3 

MR (&T) 1 - 2 

MP(&T) 2 - 3 

RP(&T) 1 - 2 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Extended 

Opposed 

IM(&T) 1 

IR(&T) *3 

IP(&T) *3 

MR(&T) 0 
MP (&T) *3 

RP (&T) 0 



197 

32. A Bent + OP Opposed 

FINGER CONFIGURATIONS 

Rest of Fingers Extended 

Bent Opponens Opposed 

IMR (&T) 1 - 2 

IMP(&T) 2 - 3 

IRP(&T) 2 - 3 

MRP(&T) 0 - 1 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Extended 

Opposed 

IMR (&T) 0 
IMP (&T) *3 

IRP(&T) *3 

MRP(&:T) 1 
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Rest of Fingers Closed 

33. A Bent + OP = Opposed 

FINGER CONFIGURATIONS 

I Rest of Fingers Closed 

Bent Opponens Opposed 

I(&T) 0 + =0 

M(&T) 2 + =2 

R (&T) 2 - =3 

P (&T) 1 - =2 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Closed 

Opposed 

I (&T) 0 

M(&T) ~ 
R(&T) *3 

P (&T) rl 
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34. A Bent + OP Opposed 

FINGER CONFIGURATIONS 

Rest of Fingers Closed 

Bent Opponens Opposed 

1M (&T) 1 + 1 

IR (&T) 2 - 3 

IP (&T) 1 - 2 

MR (&T) 2 - 3 

MP (&T) 2 - 3 

RP (&T) 1 - 2 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Closed 

Opposed 

IM(&T) 1 

IR (&T) *3 

IP (&T) 0 
MR (&T) *3 

MP (&T) *3 

RP (&.T) 0 
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35. A Bent + OP Opposed 

FINGER CONFIGURATIONS 

Rest of Fingers Closed 

Bent Opponens Opposed 

IMR (&T) 1 - 2 

IMP (&T) 1 - 2 

IRP(&T) 1 - 1 

MRP(&T) 0 - 1 

B Final Ease Score 

FINGER CONFIGURATIONS 

Rest Closed 

Opposed 

-
IMR(&:T) 2 

IMP (&T) 2 

IRP(&T) 2 

MRP(&T) 1 
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36. A Bent + OP Opposed 

DI Bent Opponens Opposed I 

I IMRP (&T) II 0 

I 
1 

I 

B Final Ease Score 

The "ease scores" for th~ opposed handshapes will be compared 

with their frequency of occurrence in TSL and ASL in Chapter 

Five. 
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3.6 Unspread Handshapes 

I explained in section 3.1 that in all the handshapes 

discussed till this point, any fingers in the extended or 

curved configuration are also spread. This section derives 

the lIease score" for handshapes in which a group of adjacent 

extended or curved fingers are NOT spread. 

3.6.1 The Adductor Pollicis Criterion 

Recall the discussion from sections 1.2.2.1 and 2.3.5 

that spreading (abduction) occurs automatically when fingers 

are extended at the metacarpophalangeal joint (i.e., when 

they are either extended or curved). In order for the fingers 

to "unspread" (i.e., to adduct), the adductor pollicis and 

the three dorsal interossei must be activated. Therefore, I 

consider the spread versions of handshapes to be easier than 

the unspread versions, which must activate extra muscles. The 

Adductor Pollicis criterion is stated in (37). 

37. The Adductor Pollicis Criterion 

Must the adductor pollicis be activated in this 
handshape? 

3.6.2 Calculating the "Ease Score II of Unspread Handshapes 

The "ease score" for an unspread handshape begins with 

the "ease score" for the same spread handshape. If the 

Adductor Pollicis criterion is answered YES, then a plus is 

given. If it is answered NO, then a minus is given. A plus 

is worth one, and a minus zero. In other words, in an 
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unspread hand shape , the ease score for the corresponding 

spread handshape is increased by one. 

The "ease scores" for the logically possible unspread 

handshapes are calculated in (38). The logically possible 

unspread handshapes can be listed in one table, since many 

kinds of handshapes are excluded. That is, since spreading 

can occur only with adjacent fingers, one-finger handshapes 

are ruled out. The two-finger, three-finger and four-finger 

combinations which do not involve adjacent fingers are ruled 

out as well. No bent or closed handshape can be spread. In 

each handshape in (38) the rest of the fingers are all 

closed. (This is because no handshapes are attested in which 

some of the extended or curved fingers are spread, and the 

rest of the extended or curved fingers are not.) 

The remaining logically possible handshapes are listed 

on the left side of (38). Across the top of (38) only curved 

and extended are listed. The right side of (38) contains the 

original "ease score" of the unspread version of the 

handshape. The left side of the chart contains the "ease 

score" for the unspread version of the handshape. The 

interpretation of these scores is much the same as before: 

zero is "easy", 3-4 is "difficult", 5-7 is impossible. 
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38. 

I 
Original lIease score" Ilunspread "ease score" 

I 

I I 
Unspread Unspread 

Extended Curved Extended Curved 

TI 0 0 0 0 

IM 2 3 I 3 4 I 
MR 4 6 *5 *7 

RP 2 3 3 4 

TIM 2 3 3 4 

IMR 2 3 3 4 

MRP 0 0 0 0 

TIMR 2 3 I 3 4 I 
IMRP 0 0 0 0 

TIMRP 0 0 0 0 
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3.7 Summary of Chapter Three 

Chapter Three constructs a theory of !lease II of 

articulation of handshapes on the basis of physiological 

facts discussed in Chapter Two. Section 3.1 motivates the 

three fundamental criteria upon which all of the II ease 

scores ll are based: (i) the Muscle Opposition in Configuration 

of selected fingers criterion, (ii) the Independent 

Extensor/Sufficient Support criterion, and (iii) the 

Profundus/Juncturae Tendinum criterion. The Muscle Opposition 

criterion is used to rank all four configurations of the 

fingers, bent, curved, extended and closed, from easiest to 

most difficult. The Independent Extensor/Sufficient Support 

cri terion is used to determine whether the least flexed 

fingers (in a two-group handshape) have the ability to extend 

fully. The Profundus/Juncturae Tendinum criterion is used to 

determine whether the set <middle, ring, pinky> are all 

either extended or flexed in the handshape. Section 3.2 

explains. how the criteria are applied to two-group handshapes 

and one-group handshapes, and presents the algorithm used to 

arrive at an !lease score ll for the majority of handshapes. 

Section 3.3 illustrates how to do the calculation for a two

group handshape and a one-group handshape. Section 3.4 

provides the statistics for all the rest of this portion of 

the logically possible handshapes. Section 3.5 discusses 

opposed handshapes. It provides an additional criteria to use 
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in the calculation of the "ease score" for opposed 

handshapes: the Opponens Pollicis criterion, which simply 

determines whether the opponens pollicis needed to be used 

for the handshape. Calculations of these additional factors 

are explained and demonstrated. Finally, section 3.6 

discusses unspread handshapes, providing one additional 

criterion, the Adductor Pollicis criterion, to arrive at 

their "ease score". 

We have now determined explicit "ease scores" for a 

great number of logically possible handshapes. The C charts 

in (19) and (21) through (27) have provided an lIease score" 

for handshapes in which (i) some fingers are extended, bent 

or curved with the rest of the fingers closed, and (ii) some 

fingers are bent and curved with the rest of the fingers 

extended. The B charts in (30) through (36) have provided the 

ease score for handshapes in which some fingers are opposed 

to the thumb and the rest of the fingers are extended, or 

closed. The chart in (38) provides the lIease scores" for 

handshapes which have some fingers unspread and the rest of 

the fingers closed. From this, we have formed three groups 

of handshapes: those which are easy (all have ease scores of 

zero), those which are physically impossible (those which 

have the highest "ease II scores) and those which are hard 

(those which have the intermediate ease scores) as in (39). 
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39. 

Type of Rest 
Handshape Closed Open Opposed Unspread 

Category 

Easy 0 0 0 0 
Hard 1-3 1 1-2 3-4 
Impossible 4-6 2-4 3-4 5-7 

We are now in a position to compare the "ease scores" 

which we have determined for logically possible handshapes, 

with the number of occurrences of a particular handshape in 

the TSL and ASL samples in Chapters Four and Five. Doing so, 

provides a direct test of the hypothesis that the "easy" 

handshapes occur more often than the "difficult" handshapes 

within a single sign language. 
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CHAPTER 4: 
FREQUENCY OF OCCURRENCE OF 

TSL AND ASL EXTENDED, BENT AND CURVED HANDSHAPES 

4.0 Introduction 

The hypothesis to be tested in Chapters Four and Five is 

whether the "easy" handshapes occur more often than expected 

and the "hard ll handshapes occur less often than expected in 

ASL and TSL. The preceding chapters have set part of the 

groundwork to do this. Chapter Two explained the physiology 

of the hand relevant to handshapes. Based upon the 

physiology, Chapter Three established criteria for evaluating 

whether the logically possible handshapes were 11 easy" , 

"difficult" or impossible. These criteria resulted in an 

"ease score" assigned to each handshape. The 11 ease score" 

placed the handshape in one of three groups: easy, hard and 

impossible. 

In Chapter Four I compare the "ease score II of a subset 

of one-group and two-group handshapes to their frequency of 

occurrence in TSL and ASL. The chapter is divided into five 

sections. Section 4.0 describes both the TSL and ASL samples, 

explains how frequency of occurrence was determined, and 

explains the statistical analysis of the data. Section 4.1 

examines some of the one-group handshapes of TSL and ASL. 

Section 4.2 examines the two-group handshapes in which the 

rest of the fingers are closed. Section 4.3 examines the two-

group handshapes in which the rest of the fingers are open. 
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Section 4.4 provides a summary of Chapter Four. 

Throughout this chapter, the data is presented in charts 

with discussion following. Each section begins with an 

exemplification of the handshapes considered. Throughout 

Chapters Four and Five, all of the pictures are from Smith 

and Ting (1979, 1984) unless otherwise noted. Throughout 

Chapter Four and Five, when a -whole TSL sign (not just a 

handshape) is pictured, Smith and Ting's (1979, 1984) English 

translation of TSL glosses are provided. When handshapes only 

are pictured, an example of a sign from each language which 

has the handshape is given (in capital letters). In some 

cases, the name of the handshape (from the ASL literature) is 

used (i.e. in lower case letters, for example, "baby 0", 

"fingerspelled 0") . 

4.0.1 The S~ples 

The TSL data (a total of 1336 signs) is taken from 

Smith and Ting (1979; 1984). The Smith and Ting books are a 

collection of TSL lessons. All of the signs in the TSL books 

appear in the glossary at the end. The glossary is arranged 

by the location in which the sign is produced (i.e., chin, 

neutral space etc), and within each location, by handshape. 

These entries are counted to arrive at the TSL frequency of 

occurrence. The ASL data is taken from a computerized version 

of the DASL (Mandel p. c.) which contains over 2000 signs. The 

ASL data is arranged by handshape and within each handshape 
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by location. The entries are counted to arrive at the ASL 

frequency of occurrence. I have listed the actual number of 

occurrences in the DASL and Smith and Ting (1979; 1984) in 

the charts in Chapters Four and Five. 

A sign may be one-handed or two-handed. If a sign is 

one-handed, and has no handshape-change, it has one 

handshape. For example, the TSL sign pictured in (1) contains 

only one handshape throughout, since there is no handshape

change. 

1. 
CAT 

If a one-handed sign has hand shape change, it has two 

handshapes. For example the TSL sign in (2) has two 

handshapes: the first is a fist, and in the second, the 

fingers are completely extended (or bent) . 
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2. 
LIGHT 

In signs like (1), only one handshape is counted. In signs 

like (2), two handshapes are counted. 

Signs might also be two-handed. A two-handed sign may 

use the same two handshapes on each hand, like the TSL sign 

in (3). 

3. 

GRAPES 
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A two-handed sign might also use two different 

handshapes, like the TSL sign in (4). 

4. 
GIVE 

In cases like (3), the handshape is counted only once. In 

cases like (4), each of the two handshapes is counted. 

The DASL lists similar variants of the same sign 

separately. I have included all of them here because there is 

no clear way to determine which of the versions of the 

handshape is the basic one, for example, one-handed and two

handed versions of the same sign. So, for example, WASH may 

be produced with one hand or two hands; both versions of the 

sign are counted. 

In some signs, a handshape has a particular meaning. 

Consider for example the extended pinky handshape with the 

rest of the fingers closed (this is pictured in (14)). In the 

TSL sample it occurs 17 times. The glosses for the signs in 

which it occurs are given in (5). 
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5. a. FEMALE j. LOUSY 
b. MOTHER k. GOOD OR BAD 
c. GRANDMOTHER l. ENEMY 
d. MARRIAGE m. HUMBLE 
e. DIVORCE n. MAY 
f. BACHELORETTE o. PURPLE 
g. SHE p. HAIR (c) 
h. DAUGHTER q. M.S.G 
i. GRANDDAUGHTER 

The extended pinky handshape in (a-i) means female; it is 

combined with other signs to derive forms such as 

GRANDMOTHER, MARRIAGE, DIVORCE, and MOTHER. The extended 

pinky handshape in (j -k) means LOUSY. The rest of the 

instances of the extended pinky (i.e., m-q) have no obvious 

related meaningsl. To obtain a count of frequency of 

occurrence, I have counted each instance of a handshape even 

in cases where they are clearly semantically related. 

4.0.2 The Statistical Analysis 

The prediction I examine is stated in (6). 

6. Easy handshapes occur more often than expected while hard 
handshapes occur less often than expected. 

This can be interpreted to mean that the easy handshapes as 

a group occur more often than expected or that taken 

individually, each easy handshape will occur more often than 

expected and that each hard handshape will occur less often 

than expected. The null hypothesis predicts that handshapes 

lIt remains to be seen whether any of these signs are related 
to each other or (a-i) or (j-k). For example, HUMBLE could be 
derived from BAD. M.S.G. and HAIR might be semantically related, 
since M.S.G is used sparingly, and HAIR is thin. 
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are evenly distributed among the cells (i. e., that the 

handshapes are distributed randomly). To knm·J whether to 

accept or reject the null hypothesis, and whether to accept 

or reject the hypothesis in (6), it must be determined 

whether the numbers in a given table reflect random 

distribution, or not. To determine this, a chi-square test is 

performed upon each frequency of occurrence table2. I call 

this Test One. The chi-square test results in a p-value: the 

probability that the null hypothesis is correct. If the p-

value is below .05, the results of the chart are interpreted 

as significant. Significance means that the null hypothesis--

that the handshapes are distributed evenly- - is incorrect and 

should be rejected. The first statistic of interest to the 

reader is the p-value for the entire chart. If the p-value of 

the chart is significant (less than .05) the hypothesis in 

(6) is supported: the handshapes are not distributed 

randomly. 

From the chi - square test alone we do not know which 

cells are significantly different from random. Therefore I 

Test Two is performed which ascertains whether the frequency 

of occurrence of each individual cell is significantly 

2The formula used was: x2 =E (ni-1/11 n) 2 
1/11 x n 

p = 1- x2 x 11-1 

x2 11-1 
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different from the average (i.e. the expected) value3. By 

this test, if the p-value for a particular cell is less than 

.05, it is significantly different than the average. It must 

then be determined whether it is above or below the average 

(i.e., the expected frequency). The average is determined by 

ignoring the physically impossible cells, adding the values 

and dividing by the number of cells. I interpret the 

following results from the p-value for each cell: the 

hypothesis in (6) might be confirmed, denied or not 

supported. Cases in which easy handshapes are significantly 

higher than average and hard handshapes are significantly 

lower than average support the hypothesis in (6). Cases in 

which the hypothesis is refuted are those in which the 

hypothesis makes the wrong prediction: that is cases in which 

an easy handshape occurs significantly less often than 

expected and cases in which a hard hand shape occurs 

significantly more often than expected. Cases in which the 

frequency of the cell is not significantly different from 

average do not support the hypothesis since every handshape 

is predicted to be above or below the average. 

Finally, to decide whether as a group the easy 

handshapes occur more often than expected and as a group the 

3The formula used is: z = ni- 1/11 x n 
n x 1/11 (1 - 1/11) 

p = 2(1- (lzl)) 
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hard handshapes occur less often than expected, Test Three is 

performed4 • If the p-value for this test is less than .05, 

the results are significant, and the null hypothesis is NOT 

true (i.e., there ARE two distinct groups of handshapes). 

If (6) is true, the best scenario is: by Test One, the 

table is significant, by Test Two, no "easy" handshapes are 

significantly LESS than average, no hard handshapes which are 

significantly MORE than average, by Test Three, the 

difference between the easy handshapes as a group and the 

hard handshapes as a group is significant. In the remainder 

of Chapters Four and Five I give all this information for 

each handshape. 

4The formula is: Z= n1+ ... n6 - t/11n 
n x 6/11 (1-6/11) 
P = 2 «1-0) (lz1)) 
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4.1 One-group Handshapes 

In this section, I compare the "ease scores" of the one

group handshapes with their frequency of occurrence in TSL 

and ASL. These are pictured in (7) through (10). Glosses of 

TSL and ASL signs in which the handshape appears are listed 

next to each picture. Where no gloss appears, the handshape 

does not occur in the language. 

7.~ TSL FIVE ASL FIVE 

8.~ TSL COLD ASL WORK 

9. ~. TSL EGG ASL classifier 

10. QS] TSL NINETY ASL fingerspelled C 

Sometimes I include a handshape similar to those in (7) 
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through (10) in the count. Throughout Chapters Four and Five, 

I explain which handshapes are counted in the number of 

occurrences. 

Recall from section 3.3.2 that all one-group handshapes 

have an lIease score ll of zero. Thus, all one-group hand shapes 

are all lIeasyll. Let us compare the ease scores of one-group 

handshapes to their frequency of occurrence in (11). Easy 

handshapes are not marked with a box or an asterisk in (11). 

Throughout the rest of Chapters Four and Five I provide the 

notation next to each frequency of occurrence for physically 

possible handshapes: 
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11. 

TSL ASL 

Bent Curve Exten Close Bent Curve Exten Close 

TIMRP 22 5 1136 727 798 1 9 21210 16711 

Average TSL = 72, 79, ASL = 212 
Significantly above average TSL 113 
Significantly below average TSL = 22 

4.1.1 Discussion 

ASL 
ASL 

237 
167 
1 

The handshapes in (7), (8) and (9) are among those which 

have been thought of as the most unmarked handshapes in ASL 

SThe 
counted. 

TSL handshapes ~ (17) and ~ (5 ) are 

'The TSL handshapes I~I (40), ~ (57), anm 
(16) are counted. 

7The handshape is counted. 

'The handshape ~ is counted. 

9r include a total of one here since it is not mentioned' 
in DASL, but the handshape is attested in ASL as a 
classifier. 

laThe handshapes in ASL fingerspelled C (pictured in 
(10)) (193, includes 11 which are fingerspelled C) and E (19, 
includes 14 which are fingerspelled E) are counted. 

llThe handshape in ASL 5 (pictured in (7)) is counted. 

237 
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handshapes have "a high frequency of occurrence in a wide 

array of contexts". While the handshapes are not explicitly 

claimed to be easy to articulate, Battison calls them "basic 

geometric shapes", which are "found in all other sign 

languages for which information is presently available to 

us", they are "among the first handshapes mastered by deaf 

children acquiring ASL from their parents", and they are 

among the handshapes which are the "most resistant to 

distortion by [visual] noise". The explicit claim of Chapter 

Three is that these handshapes are easy to articulate, thus 

all should have frequencies of occurrence which are greater 

than average. 

The TSL the results of Test One show that the table is 

not randomly distributed (p = 8.943E-13) . Test Two shows that 

two of the four cells contain numbers which are significantly 

different from the average: the bent value is significantly 

below average and the curved value is significantly above 

average. The other two numbers are not significantly 

different from average. Since there are only easy handshapes 

in (11), Test Three could not be run. 

The ASL results of Test One indicate that the table is 

not distributed randomly. By Test Two we know that three 

numbers are significant: the value for extended and bent are 

significantly below the average and the value for closed is 

significantly above the average. The value for curved is not 
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significantly different from the average. As with TSL, Test 

Three could not be run. 

Summarizing, according to Test One the one-finger 

handshapes of both languages are not distributed randomly. 

Test Two makes a total of eight predictions: four for each 

language. The hypothesis made the correct prediction three 

times, and the incorrect prediction twice. The hypothesis was 

not supported in three cases in which the frequency of 

occurrence was not significantly different from average. 
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4.2 Two Group Handshapes with the rest of the fingers closed 

In this section, I examine a subset of the two-group 

handshapes. Since in a two-group handshape, a group of 

fingers can logically use any number of fingers from one to 

four, I examine each number of finger combinations with each 

possible configuration. For example, "one-finger" handshapes 

are composed of two groups of fingers: the first group is the 

lone finger (either the thumb, index, middle, ring or pinky), 

and the second group is the rest of the fingers (i.e., 

excluding the lone finger). As explained in section 3.2.1, I 

treat all "extended-closed" handshapes as ones in which "the 

rest" of the fingers are closed. 

4.2.1 One-Finger Handshapes, rest of fingers closed 

In this section, first, I provide pictures of the 

relevant handshapes. Second, I present and discuss the 

frequency of occurrence table. Finally, I summarize the 

results of three statistical tests performed on the data. In 

some cases, I provide explanations for cells which behave 

unexpectedly (i.e. cells which are significantly different in 

the WRONG group: "easy" handshapes which occur less than 

expected and 11 hard II handshapes which occur more than 

expected) . 

In "one-finger" handshapes (with the rest of the fingers 

closed), one finger is extended, or curved or bent. The one

finger extended handshapes pictured in (12), (13) and (14) 
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are indicated in the extended columns in (20) for TSL and 

ASL. In (12), the thumb is extended, in (13) the index is 

extended and in (14) the pinky is extended (all with the rest 

of the fingers closed) . 

12.~ TSL MALE ASL TEN 

13. [[] TSL ONE ASL PERSON COME 

14.~ TSL FEMALE ASL INSURANCE 

The one-finger curved handshapes are pictured in (IS) 

(curved thumb) I (16) (curved index) and (17) curved pinky. 

These are indicated in the curved columns of (20). 

15.~ TSL FIFTY 

16.~ TSL TEN ASL WISE 
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17.~ TSL WORM 

The handshapes pictured in (18) and (19) are indicated 

in the bent column in (20). 

18. [3J TSL BROTHER 

19. [QJ TSL SISTER 

The predictions from Chapter Three are indicated in 

(20): the lIeasyll handshapes are unboxed, the "hard ll 

handshapes are boxed by a single line, and the impossible 

handshapes are marked with asterisks. The number in each cell 

represents the frequency of occurrence TSL and ASL of a 

particular handshape. 
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TSL and ASL handshapes involving one finger 
(T=thumb, I=index, M=middle, R=ring, P=pinky) 

I 

FINGER CONFIGURATIONS 

TSL II ASL 

I Extended Curved Bent II Extended Curved Bent 

T 101 6 (101) 81 0 (68 ) 

I 196 28 (196) 303 137 (270) 
- r---

M *0 *0 4 *0 *0 0 

R *0 *0 3 *0 *0 0 

P \20 5 (20 ) I 31 0 (31) 

Average TSL = ASL = 81, 68 
Significantly above average TSL 101, 196 ASL 
137, 270 
Significantly below average TSL 6, 28, 4, 3 ASL 

20, 5 
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I 
I 

303, 

31 

Consider the handshape in ASL ONE (pictured in (13b) (i.e., "G" in the 

ASL literature). (13b) can be produced with the index fully extended, or 

with the index bent as shown in (21). Either is acceptable in many signs, 

and it may be environmentally determined in some. 

21. (picture by Kristina Moerdyk) 

bent version of "G" handshape 
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I have assumed that in both ASL and TSL, bent handshapes like 

(21) are variants of extended handshapes. I have indicated 

this by placing the bent frequency of occurrence in 

parentheses in (20). That some bent handshapes are variants 

of extended handshapes has been noticed before for ASL (for 

example, in Mandel 1982:16). It remains to be tested whether 

this is true in every case. Throughout Chapters Four and 

Fi ve, other examples of bent or curved handshapes as variants 

of extended handshapes are indicated by parentheses in their 

respective charts. 

The charts include all of the physically impossible 

finger combinations; if such a handshape occurs, something 

would be wrong with the explanation of the physiology. 

4.2.1.1 Discussion of the One-finger Data 

In (20) four handshapes are physically impossible, five 

are hard and six are easy. The results of Tests 1, 2 and 3 

upon the eleven physically possible handshapes are summarized 

in (22). 
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Test 1: 
The TSL table is randomly distributed. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 51.1 

Four of six easy cells are significantly above the 
average. The other two are significantly below the 
average. 

All five hard handshapes are significantly below the 
average. 

ASL Average Frequency = 83.7 
Three of six easy cells are significantly above the 
average. Two of six easy cells are not significantly 
different from the average. One easy cell is 
significantly less than average. 

All five hard cells are significantly below the 
average. 

Test 3: 
The two groups are significantly different in TSL. 

p = 0 
The two groups are significantly different in ASL. 

p = 0 
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In what follows and in all subsequent subsections, I consider 

the cases in which the hypothesis is supported, and cases in 

which the hypothesis was not supported. This second case 

concerns two sorts ways in which the hypothesis might not be 

supported. First, cases in which easy handshapes have 

significantly LESS than average frequency, and hard 

handshapes have significantly MORE than average frequency. 

These cases are said to directly refute the hypothesis. 

Second, I discuss cases in which the frequency for a 

handshape is not significantly different from average. These 

cases are said to not support the hypothesis. 
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The results in (22) show that by Test One, the 

handshapes in (20) are NOT distributed randomly. Second, by 

Test Three, taken all together, the two groups are 

significantly different from each other. Third, by Test Two, 

most of the cell-by-cell data is as expected. Overall, the 

hypothesis makes 22 predictions about the one finger 

handshapes. The hypothesis is refuted three times, supported 

in 17 cases and in two cases, the results are insignificant, 

so we conclude that the hypothesis is not supported. 

The results which refute the hypothesis concern, first, 

three easy cases which are significantly below the average. 

These are: (i) the curved thumb (pictured in (15)) (6 

occurrences in TSL, no occurrences in ASL12 ), and (ii) the 

curved index (pictured in (16)) (28 occurrences in TSL). A 

possible explanation for the small number of occurrences of 

the curved thumb in ASL and TSL concerns perceptual 

constraints. Both languages have a larger than expected 

frequency of occurrences for the extended and bent thumb. 

Since the thumb only has one interphalangeal joint, it 

doesn't 1I100kll curved and perhaps cannot be easily 

12The DASL does not list the curved thumb hand shape 
separately. However, it lists four occurrences of this 
handshape in the following signs with the extended thumb 
(rest closed) and wiggling action: TURTLE, CAMERA, 
SWEETHEARTS and LIGHTER. 
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perceived13
• 

Two easy handshapes are not significantly different from 

the average. These are the extended and bent thumb in ASL. We 

are forced to conclude that these frequency counts do not 

support the hypothesis because they are not significantly 

different from the average. Intuitively however, both are 

fairly large numbers (81 and 68) . 

In this section we have seen that the hypothesis is 

supported in the majority of cases. When the hypothesis is 

refuted, I appealed to perception as an explanation. When the 

hypothesis was not supported, I pointed out that the 

statistical result seemed unintuitive. I say more about this 

in the summary of section 4.2. 

4.2.2 Two Finger Handshapes, rest of the fingers closed 

Pictured in (23) to (29) are some of the logically 

possible two-finger combinations with the rest of the fingers 

closed. In (23)-(26) the two fingers are extended, in (27)

(28) the· two fingers are curved, and in (29) the two fingers 

are bent. 

23. ~ TSL TWO ASL SEE 

24. 
[J] 

TSL LANGUAGE ASL SARCASTIC 

131 thank Wendy Wiswall for discussion on this point. 
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25. ~ TSL SIX ASL TAKE TURNS 

26. ~ TSL PEOPLE ASL SAME 

curved: 

27.~ TSL TWENTY ASL MOVE 

2S.1Rl TSL KAOHSIUNG (city name) ASL DRINK 

bent: 

29.~ TSL TALKATIVE 

Consider the frequency of occurrence data for these 

handshapes and others. The chart in (30) is set up in the 

familiar way; the same abbreviations and markings apply. 
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30. 

FINGER CONFIGURATIONS 

TSL ASL 

Extended Curved Bent Extended Curved Bent 

C TI 54 25 J.7 63 24 2 
0 ,..-- r0-

M TM *0 *0 0 *0 *0 0 
B 

F I TR *0 ..... 0 0 *0 *0 0 
I N 
N A TP 32 0 (32) 60 0 (41) 
G T 
E I IM 67 19 (67) 103 40 (103) 
R 0 

I 0 N IR *0 *0 *0 *0 0 
S 

IP 1 0 (1) 12 0 (12) 

MR *0 *0 0 *0 *0 0 

MP *0 *0 0 *0 *0 0 

RP 0 0 0 0 0 0 

Average 
TSL = 17, 19 ASL 

Significantly above average 
TSL = 54, 25, 32, 67 

Significantly below average 
ASL = 63, 40, 103, 60, 41 

TSL = 0, 1 ASL 24, 2, 12, 0 

As with the one-finger handshapes, some two-finger 

combinations in the bent configuration are attested as 

variants of the same finger combinations in the extended 

conf iguration: thumb-pinky, index-middle, and index-pinky14 .. 

l4It should also be noted that in a bent variant of an 
extended spread handshape, the fingers will become less 
spread (adducted). This is a result of the physiology, 
explained in section 2.3.5. 
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pictured in (31), in which the Y handshape (i.e. extended 

thumb and pinky, rest of fingers closed to palm) contacts the 

G handshape (i.e. extended index finger, rest of fingers 

closed to palm) . 

31. (picture by Kristina Moerdyk) 

LONG WORD 

In the Y handshape in LONG WORD, the thumb and pinky are not 

as extended as they are, for example, in ASL WHY. (This was 

noted in Mandel (1981) for ASL as well.) In fact, in LONG 

WORD, the thumb and pinky are in the bent configuration. 

Thus, I note both the extended variant and the bent variant 

in (30). 

4.2.2.1 Discussion of the two-finger data 

In (30) , ten handshapes are physically impossible, three 

are "easy" and seventeen handshapes are "difficult n • The 

results of the three tests are summarized in (32). 



32. 

Test 1: The TSL table is randomly distributed. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 15.75 

Two of three easy cells are significantly above the 
average (TI extended and curved) . 
The other easy cell is not significantly different 
from the average (TI bent) . 

12 of 17 hard handshapes are significantly below the 
average (all of the hard handshapes with 0 or 1 
frequency of occurrence). Of the remaining 5, 4 are 
significantly above the average (TP extended and 
curved and IM extended and curved) and one is not 
significantly different from the average (IM curved) . 

ASL Average Frequency = 23 

Test 3 : 

The frequency of two of the three easy cells is 
significantly above the average. The third is signif
icantly below the average. 

Of 17 hard handshapes, twelve are significantly be
low the average. The remaining 5 are all significant
ly above the average. 

The two groups are significantly different in TSL. 
p = 0 

The two groups are significantly different in ASL. 
p = 0 
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Test One indicates that the handshapes are NOT distributed 

randomly. Test Three indicates that taken together, the easy 

group and the hard group are significantly different from 

each other. By Test Two, 40 predictions are made. In 28 

cases, the hypothesis is supported. In 9 cases, the 

hypothesis is directly refuted. In 3 cases, the results 

indicate that the frequency of occurrence is not different 

from average. 

I note that eight of the nine cases in which the 
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hypothesis is refuted involve two basic handshapes (and what 

I assume to be their bent allophones), pictured in (26) and 

(23). All of these handshapes are difficult and yet they 

occur significantly more than expected. In fact, both have 

many morphological uses in both languages. For example, in 

both languages (23) can occur in signs which indicate eyes 

(and related meanings of seeing etc.), legs (and related 

meanings of walking, standing etc.), and the number two (and 

related meanings of ordinal numbers etc.). The handshape in 

(26) occurs in semantically related signs such as, in ASL, 

those which may have a relation to fingerspelled Y such as 

YELLOW, or OH-YES. In TSL (26) occurs in semantically related 

sets of signs such as PEOPLE, HISTORY, PERSON-FALL-DOWN, 

person classifier, WEAK (person) and POUR, OIL. These facts 

may point to another possible factor besides ease of 

articulation for the way the languages look. Perhaps although 

the handshapes are a bit difficult articulatorily, the 

language opts to use them, since they can be used for large 

classes of semantically related signs. This could be 

desirable because of perceptual considerations: semantically 

related signs which have some of the same parts (such as 

handshapes) could lessen perceptual demands on sign language 

users. 

This section has shown that in 28 of 40 cases the 

hypothesis is supported. In 9 cases, the hypothesis is 
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refuted. Eight of these cases presented a hypothesis as to 

the factors outside of ease of articulation which cause 

languages to look as they do: this was that perceptual 

concerns contribute as well. 

4.2.3 IIThree- finger" handshapes, rest of fingers closed 

In (33)-(38) the extended three-finger handshapes are 

pictured. 

33. ~ TSL SEVEN ASL SHIP 

34. TSL DEER ASL AIRPLANE 

35. TSL THREE ASL WATER 

36. ~, TSL AIRPLANE 

15In (36), the index and ring are not curved (since they 
are flexed, not extended, at the metacarpophalangeal joint) . 
They are not bent since they are flexed, not extended, at the 
proximal interphalangeal joint. Although technically they are 
not closed since they do not touch the palm, I consider them 
closed. Thanks to Mike Hammond for discussion on this point. 
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37. TSL CAT ASL PREACH 

38. TSL STICKY ASL AWFUL 

In (39) and (40) are the curved versions of (33) and (35). 

39. 
[II] 

TSL SEVENTY ASL CHAMPION 

40. ~ TSL THIRTY 

The frequency of occurrence table in (41) has all the 

familiar notation. 

16The issue arises as to whether the thumb and index 
finger in (37) are closed (i. e., restrained behind the thumb) 
or opposed. Neither the DASL nor Smith and Ting (1979, 1984) 
distinguishes these. I assume that in a sign with handshape
change in which the handshape in (37) is the first handshape, 
the thumb and index are closed. In signs with no handshape 
change, I consider the thumb and index opposed. Opposed 
handshapes are dealt with in Chapter Five. 

17The thumb and middle in (38) could be considered closed 
or opposed. To distinguish, in any sign in which (38) becomes 
another handshape, I assume that the thumb and middle are 
closed. In signs with no handshape change, the thumb and 
middle are considered opposed and dealt with in Chapter Five. 
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41. 

FINGER CONFIGURATIONS 

TSL ASL 

Extended Curved Bent Extended Curved Bent 

C TIM 17 9 0 28 3 
0 
M TIR *0 *0 0 *0 *0 
B 

F I TIP 3 0 0 6 0 
I N 
N A TMR *0 *0 0 *0 *0 
G T 
E I TMP *0 *0 1 *0 *0 
R 0 

N TRP 0 0 0 0 0 
S 

IMR 15 5 0 15 0 

IMP 0 0 0 0 0 

IRP 16 0 0 3 0 

MRP 18 (18) (18) 7 (7) 

Average TSL = 9,3,5 ASL = 6,3,0 
Significantly above average TSL = 17,15,16,18 

Significantly below average TSL = 0, 1 

(8) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ASL = 7, 28, 
15 

ASL = 0,3,6 

Examination of (41) seems to bear out Mandel's (1981) 

assertion that three-finger handshapes are rare in ASL: of 

thirty logical possibilities, only 8 are attested. All 8 have 

less than 28 occurrences. The TSL numbers point to the same 

conclusion. 

4.2.3.1 Discussion 

(41) indicates that of thirty logically possible three-

finger handshapes, six are physically impossible, three are 
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easy and 21 are difficult. The results of the three tests are 

given in (42) In what follows I discuss TSL and ASL 

separately. 

42. 

Test 1: The TSL table is randomly distributed. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 5 

The frequency of the three easy cells is 
significantly above the average. 

14 of 21 hard handshapes are significantly below the 
average (all of the hard handshapes with 0 
frequency of occurrence). Of the remaining 7, 3 are 
significantly above the average (TIM, IMR and IRP 
all extended). The other four are not significantly 
different from the average (one above, two below, 
one average.) 

ASL Average Frequency = 3.21 

Test 3: 

The frequency of 2 of the 3 easy cells is 
significantly above the average. The third is not 
significantly different from the average. 

Of 21 hard handshapes, three are significantly above 
the average. The remaining 18 are not significantly 
different from average. 

The two groups are significantly different in TSL. 
p = 0 

The two groups are significantly different in ASL. 
p = .13 

Test One shows that in TSL the handshapes are not 

distributed randomly. Test Two shows that taken together the 

two groups are significantly different from each other in 

TSL. By Test Two, the hypothesis makes 24 predictions. The 

hypothesis makes the correct prediction in 17 cases. The 

hypothesis makes incorrect predictions in the case of seven 

hard handshapes: of these, 3 occur more than average, and 4 
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occur about average. 

A possible explanation for one of the hard TSL 

handshapes with a significantly high frequency of occurrence 

is pictured in (35). In 11 of the 15 signs in which it 

appears in the TSL sample, (35) indicates one of the Chinese 

characters listed in (43). That is, 11 of the 15 signs are 

"character signs II, in which the handshape bears a resemblance 

to the character. 

43. 

---. 
wang 'Wang' (surname) san 'three' 

JL\ 
chuang 'river' tian 'field' 

:)-H te\ 
zhou 'state' chu 'exit' 

~\E- .i. 
fei 'Africa' zhu 'main' 

If the handshape in (35) can be considered a morpheme which 

indicates a Chinese character of a particular form, perhaps 

this is another case in which a language disregards the fact 

that a handshape is difficult articulatorily and uses it in 
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the semantically related sets of signs, such as those 

indicated in (43) . Ultimately, this might be attributable to 

perceptual factors, as discussed in section 4.2.2.1. 

Four cases of difficult handshapes are not significantly 

below the average, although their frequencies are: 9, 3, 1 

and 5. Again, I suggest that the statistical analysis forces 

some conclusions which do not seem correct. 

The ASL results show that the table is not randomly 

distributed, by Test One and that by Test Three, taken 

together the two groups are NOT significantly different from 

each other. Of the 24 predictions made, the hypothesis is 

supported 2 times. The hypothesis is refuted in four cases: 

one in which an easy handshape is significantly below average 

and three in which a hard handshape occurs significantly 

above the average. In 18 cases, the hypothesis fails because 

the results are not significantly different from the average. 

I speculate first on the reasons for one of the hard 

handshapes occurring more than average. In previous 

subsections, we see that extended handshapes sometimes have 

bent or curved variants. However, native signers of TSL and 

ASL do not accept curved or bent variants for the handshape 

in (35). To explain this, first, in ASL, (35) is 

fingerspelled W. Further t it is used typically in initialized 

signs (i.e. signs whose English glosses begin with W), and in 

only a few ASL signs uninfluenced by English orthography. (Of 



241 

the 15 occurrences in the DASL, the English glosses of 9 

begin with IIWII. The other five occurrences are in BAPTIZE and 

four versions of SCOTLAND}. The DASL also lists (35) as 

occurring in 9 handshapes whose English glosses begin with 

"MII (i. e., these signs are acknowledged in the DASL as 

initialized) 18. 

The lack of the bent version of (35) in ASL might have 

to do with the fact that fingers automatically unspread 

(adduct) when they are flexed at the knuckle. A bent variant 

of (35) would become unspread, and no longer resemble a 

fingerspelled W (perhaps it would resemble a fingerspelled M 

a bit more) . The lack of the curved version of (34) (that is, 

(40)) in ASL cannot be explained this way, since when fingers 

are curved, they can still be spread. However, perhaps 

perceptual considerations make (35) and (40) too hard to 

distinguish. 

In TSL, (35) can be varied as curved (like (40)) or 

bent. In TSL, (35) does not indicate fingerspelled W (since 

TSL has no fingerspelling (Smith 1989)}. 

A note here about the 18 hard cases in which the 

18In this work, I consider fingerspelled f'.1 and 
fingerspelled W two different handshapes, since they do not 
look alike (i.e., the index, middle and ring in Ware spread 
and extended; in M they are certainly unspread and either 
bent or curled over the thumb.) 
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hypothesis is not supported: we expect them to have 

frequencies significantly less than average, but their 

frequencies are not significantly different from the average. 

This does not support the hypothesis. But consider the 

following. The eighteen handshapes which are not 

statistically different from the average have the following 

frequencies of occurrence: 6, 3, 3 and 15 cases of zeros. The 

hard handshapes, particularly with frequencies of occurrence 

of zero, would seem to support a hypothesis which says that 

hard handshapes should occur less often then expected. In 

this case, the expected (average) is 4.04. Statistically, 

zero is not significantly different from the average, forcing 

the conclusion that the hard handshapes with frequencies of 

occurrence of 0 do NOT support the hypothesis. This 

unfortunate result might be corrected in future work by 

different statistical treatment. 

Summarizing, the hypothesis made the correct prediction 

in 19 out of 48 cases. In the 6 cases in which the hypothesis 

was directly refuted, I appealed to perceptual factors. Of 

the 23 remaining "hard" cases in which the hypothesis was not 

supported because the results were not significantly 

different from average, 16 have occurrences of 0-1. Four 

handshapes have occurrences of 3. The remaining 3 have 

frequencies of 9 or below. 
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4.2.4 "Four-finger" handshapes, rest of fingers closed 

In (44) and (45) are pictured the extended four-finger 

handshapes. 

44. [El TSL FOUR ASL FOUR 

45. ~ TSL EIGHT 

In (46) and (47) are pictured the curved versions of the 

handshapes in (44) and (45). 

46. I~I TSL FORTY 

47. TSL EIGHTY 

The frequency of occurrence data is given in (48). 



48. 
FINGER CONFIGURATIONS 

TSL ASL 

Extended Curved Bent Extended Curved 

I C I F 0 
I M TIMR 1 l. 0 
N B 
G I TIMP 0 0 0 
E N 
R A TIRP 0 0 0 

T 
I TMRP 0 0 0 
0 
N IMRP 11 1 (11) 
S 

Average TSL = 1,0 
Significantly above average TSL 
Significantly below average TSL 

0 

0 

0 

0 

32 

ASL 
11 

4.2.4.1 Discussion of the four-finger handshapes 

0 

0 

0 

0 

1 

1,0 

Bent 

0 

0 

0 

0 

(32) 

ASL 
ASL 
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32 

None of the logically possible handshapes in (48) are physically 

impossible. Nine are difficult and six are easy. The results of the three 

tests are summarized in (49). 



49.r-------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 1.6 

Two of six easy handshapes are significantly more 
than average (those with 11) . 
The other four easy handshapes \'lere not significantly 
different from average. 
None of nine hard handshapes differ significantly 
from average. 

ASL Average Frequency = 2.13 
The frequency of two of six easy cells is signif
icantly above the average. The rest of the easy 
handshapes are significantly below the average. 
The frequency of all nine hard cells is signifi
cantly below the average. 

Test 3: 
The two groups are significantly different in TSL. 

p=1.l1 
The two groups are significantly different in ASL. 

p = 0 
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The results of Test One say that both tables are randomly 

distributed. Test Three shows that in ASL, the easy and hard 

groups differ significantly from each other, though they do 

not in TSL. Test Two shows that there are 15 predictions made 

in each language. I discuss the ASL and TSL results 

separately. 

In ASL the hypothesis is supported in 11 cases out of 

15. In four cases of easy handshapes which are significantly 

less than average, the hypothesis is not supported: TMRP 

extended, bent and curved, and IMRP curved. I speculate first 

on the reasons for this. 

Although TMRP extended, bent and curved are lIeasyll by my 
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criteria, intuitively they do not seem easy. This suggests 

that the physiology is missing something; however, I know of 

no reinterpretation of the physiological facts that would 

assign those handshapes to the "difficult" category. 

IMRP curved does not occur in the DASL, however it does 

occur in ASL, for example, in the classifier for "many people 

sitting down in a circle". I have put 1 in the chart for the 

frequency of occurrence. A more accurate count of the 

frequency of this handshape is needed before we know whether 

it supports, refutes or does not support the hypothesis. 

In TSL, the hypothesis is supported only twice. It is 

not supported in 13 cases. Four of the 13 are easy handshapes 

which do not differ significantly from average and 9 are hard 

handshapes which do not differ significantly from average. 

The relevant average is 1.6. In the nine hard cases (of the 

13 cases which do not support the hypothesis) the total 

number of occurrences is either 1 or O. But again, because 

the average is so low, these numbers do not come out to be 

statistically different from average, forcing the conclusion 

that these cases do not support the hypothesis. 

Summarizing, in the cases in which the hypothesis was 

refuted, I speculated that perception, re-analysis of 

physiology, and lack of data are possible explanations. In 

cases where the hypothesis was not supported I appealed to 

the use of these particular statistical methods. 
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Summary of 4.2 

In this section, I examine the frequency of occurrence 

tables of the total number of physically possible 11 rest 

closed 11 handshapes, excluding all of the physically 

impossible handshapes (=70). I perform three statistical 

tests: Test One, a chi-square test, determines whether the 

tables were overall distributed randomly. Test Three 

determines whether, taken together, the easy group of 

handshapes had frequencies of occurrence which differed 

significantly from the hard group of handshapes. Test Two 

determines whether the frequencies of occurrence in each cell 

in each chart were significantly different from the expected 

frequency of occurrence. I summarize here the results of 

Tests One, Two and Three. Tests Two and Three are 

particularly important since, as discussed, Test One does not 

reveal much about the data. 

Test One shows that all tables in both languages are 

significant. It was possible to run Test Three on each chart; 

thus it was run eight times. The results show that in six of 

eight cases, or 75% of the time, the easy cells, taken 

together, constitute a group which is significantly different 

from the hard cells. In 25% of cases, there was not a 

significant difference between the two groups. By Test Three, 

we know that there are two groups of handshapes which are 

significantly different from each other. 
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Test Two tests whether cell-by-cell in each chart, the 

70 logically possible handshapes, grouped as n easy" and 

"hard", were significantly more than expected, significantly 

less than expected, or insignificantly different from the 

average. Since I examined 2 languages, 140 predictions were 

made. Predictions could be correct or incorrect. Correct 

predictions are of two types: ones in which easy handshapes 

are significantly more than average and ones in which hard 

handshapes are significantly less than average. The 

hypothesis correctly predicts frequency of occurrence in 77 

of a total of 140 cases, or slightly more than half. 

Incorrect predictions are of two types. The first type 

involves cases in which the hypothesis is directly 

contradicted: for example, cases in which an easy handshape 

occurs significantly less than average or a hard handshape 

occurs significantly more than average. The results indicate 

that in 23 cases the hypothesis wrongly predicts the 

frequency of occurrence. The two sorts of wrong results 

obtained are that easy handshapes had significantly low 

frequencies of occurrence and that hard handshapes had 

significantly high frequencies of occurrence. Clearly, ease 

of articulation does not play a role in explaining frequency 

here. I appealed to three factors as possible explanations 

for these cases. First, perceptual factors are said to 

compete with articulatory factors to shape languages 
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(Ladefoged 1982, Lindblom 1990). In some of the subsections 

of 4.2, I speculated that ease of perception played a role in 

the explanation of the incorrect predictions. Second, I 

pointed out that in one case perhaps a re-analysis of the 

physiology was in order. Third, I suggested that the lack of 

data from the DASL for particular handshapes confounded the 

resul ts in the following way: if a handshape was clearly 

attested in the language, but absent from the DASL, I noted 

this in the chart as having a frequency of occurrence of 1. 

This frequency is of course not necessarily accurate. 

The second sort of incorrect prediction involves cases 

in which the hand shape frequency of occurrence is not 

significantly different from expected. Two observations about 

such handshapes could be investigated in future research. 

First, according to the hypothesis, handshapes with 

frequencies of occurrence may fall into one of two 

categories: easy or hard. All handshapes which are not 

impossibie should occur either significantly more or less 

than expected: easy handshapes should occur more than 

expected and hard handshapes should occur less than expected. 

However, in 40 cases, the frequency of occurrence was not 

significantly different from average. This suggests that 

there are actually three groups of occurring handshapes: ones 

that occur more than average, ones that occur less than 

average and ones that occur about average. It seems 
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reasonable that this set of handshapes would be the harder of 

the easy handshapes and the easier of the harder handshapes. 

Since in my system, no distinctions are made between the easy 

handshapes (all have ease scores of 0) I this suggestion 

cannot be explored. Future research might consider if there 

are physiological reasons to assert that there are actually 

four levels of difficulty in handshapes, say: impossible, 

very easy, neither hard nor easy, and very hard. 

I discuss here a second issue about the II type two II cases 

in which the hypothesis is not supported because the 

frequencies of occurrence of particular handshapes are not 

significantly different from average. This is: of the 40 such 

cases discussed in section 4.2, 30 are hard handshapes with 

frequencies of occurrence of zero. Such cases would certainly 

be expected to support a hypothesis which says that hard 

handshapes occur less often than expected. In these cases, 

however, zero is not statistically different from expected 

(average), since the average in the charts is so low. Thus, 

we are forced to say that statistically these cases 

contradict the hypothesis because they are hard handshapes 

which do not occur significantly less than average. 

The reason that the averages in the charts are so low is 

that large numbers of zeros are added with a few numbers. For 

example, in the ASL chart in section 4.3.1.1, 24 numbers are 

added, and the total is divided by the 24 to obtain the 
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average that should occur in each cell, all else being equal. 

Since there are so many zeros in the chart, the total for ASL 

is 77. This is divided by 24, and the result is 3.21. 

Statistically, a frequency of occurrence of 0 is not 

significantly different from this average. Future research 

might develop or make use of existing statistical methods 

which would allow the fact that so many of the hard 

handshapes occur infrequently or never to support the 

hypothesis, rather than not provide support for it. 
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4.3 Introduction 

Throughout section 4.3, I discuss handshapes in which 

"the rest" of the fingers are extended. In these handshapes 

the other group of fingers can logically be either closed, 

bent or curved. As explained in sections 3.2.1 and 4.2, I 

deal only with the extended-curved and extended-bent 

handshapes. 

4.3.1 One-finger handshapes, rest of fingers extended 

One of two handshapes occurring in ASL and TSL 

appears in (50). 

SO. ~ TSL HOT ASL BALD 

The second handshape is a "bent" thumb with the rest of the 

fingers extended. (A bent thumb is in the position that the 

fingers can oppose it.) This handshape occurs in ASL 

PITCHFORK, for example, however the DASL does not list it. I 

have listed the handshape as occurring 1 time in the ASL 

sample, since it does not explicitly occur there. The 

frequency of occurrence data appears in (51). 



51. 
FINGER CONFIGURATIONS 

TSL 

I Curved Bent 

T 0 

I 0 
-

M *0 12 

R *0 0 

P *0 0 
'----

Average = 
TSL = 0 ASL = 0, 1 

Significantly Above Average 
TSL = 12 ASL = 6 

4.3.1.1 Discussion 

ASL 

II 
Curve"d Bent 

0 1 

0 

\:l *0 

*0 19 

*0 LJ 
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I 

I 

Three of the logically possible handshapes are 

physically impossible, three are difficult and four are easy. 

The results of the three tests are summarized in (52). 

19An apparent counterexample occurs in the handshape in 
ASL NAIVE, discussed in section 2.3.4. 



52. r-----------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. p 1.58 
The ASL table is randomly distributed. p 2.75 

Test 2: 
TSL Average Frequency = 1.71 

The frequency of all four easy handshapes is not 
significantly different from average. 
The frequency of one of 3 hard handshapes is sig
nificantly above average. 
The frequency of the other two hard handshapes 
is not significantly different from average. 

ASL Average Frequency = .86 
The frequency of all four easy cells is not 
significantly different from average. 
The frequency of one of 3 hard handshapes is signifi
cantly above the average. The other two hard 
handshapes are not significantly different from 
average. 

Test 3: 
The two groups are significantly different in TSL. 

p = 0.0000633 
The two groups are significantly different in ASL. 

p = 0.0046777 
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Test One indicates that in TSL and ASL, there is a high 

probability that the handshapes are randomly distributed. 

Test 3 indicates that the easy cells taken together are 

significantly different from the hard cells taken together. 

Test Two makes 14 predictions. Two cells in (51) are 

significantly above the average: in both languages, the bent 

middle, with the rest extended. These cases refute the 

hypothesis since they are both considered difficult. 12 of 

the cells in (51) are not significantly different from the 

average, thus these do not support the hypothesis. None of 

the data in (51) directly support the hypothesis. 

I speculate here on the reasons for two cases in which 
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the hypothesis is refuted: that is, the bent middle, a hard 

handshape with a large frequency of occurrence. Mandel (1981) 

pointed out that this handshape seemed particularly salient. 

Perhaps perceptual considerations contribute to its occurring 

more than expected even though it is articulatorily 

difficult. 

Most of the data does not support the hypothesis. First, 

the lack of the eight "easy" handshapes (thumb curved and 

bent, and index curved and bent) in both languages cannot be 

explained by the physiology. Perhaps perceptual factors 

contribute to their absence. Specifically, the thumb curved 

and bent seem very close to the handshape in (53). 

53. 

The remaining four cases in which the hypothesis is not 

supported all are hard handshapes with zero occurrences. As 

in previous subsections, zero is not statistically different 

from average. This forces the conclusion that these data do 

not support the hypothesis. 

Summarizing, I appealed to perceptual considerations in 

cases in which the hypothesis was refuted or not supported. 

In the additional cases where the hypothesis was not 

supported I appealed to statistical factors. 
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4 • 3 • 2 .. Two - finger II handshape s, three fingers extended 

With the rest of the fingers extended, no bent "two-

fingerll combination listed in (55) occurs in either language. 

Only one curved "two finger" handshC:i.pe, pictured in (54) I 

occurs in TSL. 

54. rnJ TSL BATHROOM 

The chart in (55) contains the "two-finger" data. 

55. 

FINGER CONFIGURATIONS 

TSL ASL 

Curved Bent Curved Bent 

C TI 2 0 0 0 
0 roo-- r--
M TM *0 0 *0 0 
B 

F I TR *0 0 *0 0 
I N 
N A TP *0 0 *0 0 
G T 
E I 1M *0 0 *0 0 
R 0 '--- '---

N IR *0 *0 *0 *0 
S 

IP *0 *0 *0 *0 

MR *0 ~ *0 ~ 
MP *0 *0 *0 *0 

RP *0 ~ *0 ~ 
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Average 0 

Significantly Above Average 2 

4.3.2.1 Discussion 

Of the twenty logical possibilities in (55), twelve are 

physically impossible, two are "easy" and six are 

"difficult". The results of the three tests are given in 

(56) . 

56. 

Test 1: 
The TSL table is randomly distributed. p 
No statistical results for ASL possible. 

Test 2: 
TSL Average Frequency = .25 

0.051 

The frequency of one of the easy handshapes is 
significantly above average. The other easy handshape 
is not significantly different from average. 
None of six hard handshapes are significantly dif
ferent from average. 

No statistical results available for ASL. 

Test 3: 
The two groups are significantly different in TSL. 

p = 0.0143059 
No statistical results available for ASL. 

All together 16 predictions were made. Of these only 8 could 

be tested. This is due to the fact that there are no ASL 

occurrences, and so a statistical analysis of the ASL data 

was not possible. Thus, we can tell nothing about the ASL 

data. The other eight predictions for TSL were able to be 

tested by Test Two. 

By Test One, the TSL chart just missed significance. By 
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Test Three, the two are significantly different from each 

other. By Test Two, the hypothesis is supported one time. It 

is never directly refuted. The hypothesis is not supported 7 

times. 

To speculate on the reasons for the hypothesis not being 

supported: in six of the hard cases, the handshapes have zero 

occurrences. Again, as we have seen, because the average in 

the TSL chart is so low (.25), zero is not statistically 

different from average. 

Summarizing, though the hard handshapes which did not 

support the hypothesis had zero occurrences, statistically, 

zero is not different from the average. Again, this forced 

the conclusion ·that these cases do not support the 

hypothesis. 

4.3 .3 TSL and ASL .. three- finger" handshapes, two fingers 
extended 

In this section, I discuss the three-finger handshapes. 

The chart in (57) contains the data. 



57. 
FINGER CONFIGURATIONS 

TSL ASL 

I Curved Bent Curved 

C TIM *0 0 *0 
0 
M TIR *0 *0 *0 
B 

F I TIP *0 *0 *0 
I N 

0 N A TMR *0 *0 
G T 
E I TMP *0 *0 *0 
R 0 

N TRP *0 

~ 
*0 

S 
IMR *0 (32 ) *0 

IMP *0 *0 *0 

IPR *0 *0 *0 

MRP 0 0 0 

Significantly Below Average 0 
Significantly Above Average 32, 60 

4.3.3.1 Discussion 

Bent 

In! 
L.:...J 
*0 

*0 

0 
*0 

I (:0) I 
*0 

*0 

0 
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The vast majority of handshapes are unattested. Of the 

twenty logical possibilities, fourteen are impossible, four 

are difficult and two are easy. The results of the three 

tests are provided in (58). 



58. r-------------------------------------------------------~ 
Test 1: 

The TSL te.ble is randomly di8tribut8d. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 5.3 

The frequency of both the easy handshapes is 
significantly less than average. 
The frequency of 3 of 4 hard handshapes is signifi
cantly below average. The frequency of the other 
hard handshape is significantly above average. 

ASL Average Frequency = 10 
The frequency of both the easy cells is 
significantly less than average. 
The frequency of one hard handshape is signifi
cantly above the average. The other three hard 
handshapes are significantly below the average. 

Test 3: 
The two groups are significantly different in TSL. 

p = 0.0000633 
The two groups are significantly different in ASL. 

p = 4.3205E-8 
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By Test One, the handshapes are not distributed 

randomly. By Test Three, the two groups are significantly 

different in both languages. By Test Two, a total of 12 

predictions are made. Of these, the hypothesis is supported 

in six cases and directly refuted in six cases. There are no 

cases in which the results are average. 

Though the hypothesis is supported in 6 cases, in which 

a hard hand shape occurs significantly below the average, it 

should be noted that in three of these six cases in TSL (TIM 

bent, TMR bent and TRP bent) very similar handshapes occur. 

The handshapes in (59) are the opposed versions of TIM bent 

and TMR bent (dealt with in Chapter Five). Both of these 

handshapes are considered difficult and have few occurrences. 
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59. [!1]~ 
Perhaps perceptual considerations preclude both the 

handshapes in (59) and their closed counterparts from 

occurring in a given sign language, since they look fairly 

similar. 

Two cases in which the hypothesis is refuted concern a 

"difficult" handshape which occurs significantly more than 

the average: a variant of ASL fingerspelled Y. Mandel 

(1981: 83) discusses two variants of fingerspelled Y (the 

"bent variant", with the index, middle and ring fingers bent, 

and the "closed variant" with the index, middle and ring 

fingers closed. The latter is pictured in (60)). We have seen 

bent and curved fingers as variants of extended fingers. In 

this case, bent fingers are variants of closed fingers. 

60. ~ 
I noted that 32 "bent variants" occur in TSL and 60 in ASL, 

because these are the counts of the "closed variants". 
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However, these frequencies may indeed be incorrect2D . If 

further investigation proves them to be incorrect, the 

numbers are likely to be far smaller. Smaller frequencies 

might support the hypothesis, instead of directly refuting 

it. 

Summarizing, in cases in which the hypothesis was 

refuted, I noted that lack of data, or that perceptual 

considerations could be playing a role. 

4.3.4 ASL and TSL "Four-Finger ll Handshapes, one finger open 

No handshapes in which four fingers assume either the 

bent or curved configuration with the remaining finger 

extended occur in either TSL or ASL. This is shown in (61). 

Therefore a statistical analysis is not possible. 

2DSam Supalla (p.c.) notes that every closed variant of 
fingerspelled Y cannot have a bent variant: for example, in 
ASL WRONG, the closed index, middle and ring fingers of the 
fingerspelled Y contact the chin. 
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61. 
FINGER CONFIGURATIONS 

TSL ASL 

Curved Bent Curved Bent 

C 
F 0 

~ ~ I M TIMR *0 *0 
N B 
G I TIMP *0 *0 *0 *0 
E N 
R A TIRP *0 *0 *0 *0 

T 
I TMRP 0 0 0 0 

N IMRP 0 0 0 0 
S 

Summary of section 4.3 

Test 1 could only be run on 5 of the eight tables, 

because three contained only 0' s. Of tb.€:se, only two were 

significant. A third just missed significance (p = .051) . The 

results of Test 3 show that the one and three finger easy and 

hard handshapes differ significantly from each other. The 

easy and hard groups of 2-finger handshapes are significantly 

different in TSL. The ASL 2-finger handshapes are not tested 

nor are either of the 4-finger handshapes. 

Test Two made 52 predictions. Of these, only 34 could be 

tested, due to lack of data. Of the 34 tested predictions, 9 

indicate that the hypothesis is correct. Eight directly 

refute the hypothesis: these included both easy handshapes 

that are attested significantly more than average and hard 
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handshapes that are attested significantly less than average. 

Seventeen results do not support the hypothesis because they 

are not significantly different from average. In cases where 

the hypothesis was refuted, I speculated that perceptual 

factors or lack of data played a role. In six cases in which 

the hypothesis was not supported, I appealed to the problem 

of zero not being statistically different from average. 
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4.4 Summary of Chapter Four 

Chapter Four compares the ease of articulation score of 

a given handshape with its frequency of occurrence in two 

sign languages. Section 4.1 provides a discussion of the 

handshapes with one group of fingers. Section 4.2 discusses 

two-group handshapes with the rest of the fingers closed. 

Section 4.3 discusses two-group handshapes with the rest of 

the fingers extended. 

Considering the easy and hard handshapes as sets of 

handshapes (Test 3) was only possible in sections 4.2 and 

4.3, since in section 4.1, all of the handshapes were easy. 

In section 4.2 we saw that in 75% of cases, the easy and hard 

handshapes were significantly different from each other. In 

section 4.3 we saw that in 100% of the cases in which Test 

Three was run (5 out of 8), the easy and hard handshapes were 

significantly different from each other. 

When we consider the handshapes cell by cell (Test 2) , 

we find that the hypothesis makes the correct prediction in 

approximately half the time in the one-group handshapes 

(section 4.1) and the rest-closed handshapes (section 4.2) . 

In the rest-open handshapes (section 4.3), the hypothesis 

makes the correct prediction less than half the time. This is 

summarized in (62). 
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62. 

Hypothesis Results 
Handshapes In Correct Incorrect Average Total 

Section 4.1 3 2 3 8 
Section 4.2 77 23 40 140 
Section 4.3 9 8 17 34 

Although in general, the hypothesis is supported more 

often than not (89 of 182 cases), two issues are important. 

First, we might what accounts for the following facts: (i) 

the hypothesis fails to make the correct prediction in 33 out 

of 182 cases, (ii) the results are not significantly 

different from average in 60 cases. 

Speculating on (i), I note that the hypothesis that easy 

handshapes occur more often than expected and hard handshapes 

occur less often than expected is not one which is likely to 

be completely true. Certainly spo~en languages do not only or 

mostly make use of easy sounds. Rather, we expect that ease 

of articulation plays some part in the explanation of 

markedness, but that it is not the whole story. Other factors 

such as perception of handshapes are expected to contribute 

as well, just as in spoken languages. This is consistent at 

least insofar as it has been tested in the spoken language 

literature as well. 

Speculating on the results which were not significantly 

different from average, I make a few observations about the 

statistical tests used here. Large numbers of zeros or very 
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small numbers in the tables compromise the statistical tests 

in two ways. First, if there are all zeros in a chart, the 

statistical tests cannot be run. Second, when large numbers 

of zeros are added to the numbers in the charts, and this 

total is divided by the number of physically possible 

handshapes (including all the ones which are occur 0 times), 

the averages in each chart for each language are extremely 

low. This has the following result: sometimes zero 

occurrences is statistically not significantly different from 

average. When this result occurs for a hard handshape, it 

must be interpreted as not supporting the hypothesis. Of the 

60 cases reported in Chapter 4 in which the frequency of 

occurrence was not significantly different from average, this 

occurred in 46 cases. 
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CHAPTER 5: 
FREQUENCY OF OCCURRENCE OF 

TSL AND ASL OPPOSED AND UNSPREAD HANDSHAPES 

5.0 Introduction to Chapter Five 

In Chapter Five, I continue the comparison of lIeasyll and 

IIdifficult" handshapes with their frequency of occurrence in 

ASL and TSL begun in Chapter Four. Chapter Five is divided 

into five sections. Section 5.1 deals with one-group opposed 

handshapes, i.e., those in which four fingers are opposed to 

the thumb. Section 5.2 deals with handshapes in which one to 

three fingers are opposed to the thumb, with the rest of the 

fingers extended. Section 5.3 deals with handshapes in which 

one to three fingers are opposed to the thumb, with the rest 

of the fingers closed. Section 5.4 discusses configurations 

which have unspread fingers. Section 5.5 provides a summary of 

the chapter. 
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5.1 One-group Handshapes- four fingers opposed to the thumb 

The handshapes in which all four fingers are opposed to 

the thumb are pictured in (1) and (2). 

fingerspelled 0 

2.~ flat 0 

In the ASL literature, these are known respectively as 

"fingerspelled 011 and "flat 0". The difference between them is 

that fingerspelled 0 has flexion all the joints and therefore 

has a round appearance. Flat 0 is flexed only at the knuckle 

and so appears flat. 

5.1.1 Discussion 

Both (1) and (2) are cited by Battison (1978:35) as among 

the most unmarked handshapes in ASL. According to my criteria, 

they are in the difficult category, because they involve the 

opponens pollicis. However, the number of occurrences of these 

handshapes in both languages are quite large. The hypothesi's 

predicts that the number of occurrences of this handshape 

should be small since the handshape is "difficult". However, 

in TSL, the handshapes in (1) (63) and (2) (12) are counted; 

the total is 75. In ASL, both "flat 0" and "fingerspelled 0" 
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are counted together since they are not distinguished in the 

DASL. The total count is 118. Since there is only one number 

per language, statistical tests could not be run on this data. 
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5.2 Two-Group handshapes, Rest Extended 

This section deals with the two-group handshapes of TSL 

when the rest of the fingers are extended. 

5.2.1 One finger opposed, rest extended 

In this section, I discuss the handshapes in which one 

finger is opposed to the thumb and the rest of the fingers are 

extended. These are pictured in (3)-(6). 

(pictures in (3)-(6) from Humphries, Padden and O'Rourke 1980:237) 

3. TSL A LITTLE BETTER ASL SIX 

4. ASL SEVEN 

5. TSL STICKY ASL EIGHT 

6. TSL MONEY ASL NINE 

The frequency of occurrence in TSL and ASL appears in (7). The 



familiar notation is used. 

7. 

I (&T) 

M (&T) 

R (&T) 

P (&T) 

Average 
TSL 11 

Significantly 
TSL 51 

Significantly 
TSL I, 1 

FINGER CONFIGURATIONS 

TSL 

Opposed 

51 
,.---

11 

0 

12 I. I 

ASL 
Above Average 

ASL 79 
Below Average 

ASL 

Opposed 

79 

~ 11 I 
113 II 

ASL 2, I, 1 

5.2.1.1 Discussion 
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I 
III 
'II 

Of the eight handshapes in (7), none are physically 

impossible, three are hard and one is easy. The results of the 

IThe DASL does not list the sign SEVEN, but it is 
pictured (Stokoe, Casterline and Croneberg 1965:107). Because 
the handshape is attested in ASL, but does not appear in the 
computerized DASL, I list it as having one occurrence. 

2The TSL handshape in (3) is used by hearing and Deaf 
Taiwanese and Mainland Chinese as a gesture to mean IIsmall ll

• 

However, it is not included in Smith and Ting (1979, 1984). 
Because it is attested in TSL, but does not occur in the 
sample, I have list it as occurring 1 time. 

3While the DASL pictures the handshape in SIX (1965:100), 
it is not included as a lexical entry. I have listed one 
occurrence of it here. 



three tests are in (8). 

8. 
Test 1: 

The TSL table is randomly distributed. p 0 
The ASL table is randomly distributed. p 0 

Test 2: 
TSL Average Frequency = 15.75 

The easy handshape occurs significantly more than 
average. Two hard handshapes occur significantly 
less than average. 
One occurs about average 

ASL Average Frequency = 20.75· 
The easy handshape is significantly above the average. 
All of the hard handshapes occur significantly less 
than the average. 

Test 3 : 
The two groups are significantly different in TSL. 

p = 0 
The two groups are significantly different in ASL. 

p =0 
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The hypothesis makes 8 predictions; four for each language. 

The hypothesis is correct 7 out of 8 times. The remaining case 

is a hard handshape whose frequency of occurrence does not 

differ significantly from average. In this case, the frequency 

of occurrence does not differ significantly from the average, 

which is·15.75. 

5.2.2 TSL and ASL handshapes, two opposed, rest extended 

The handshapes we are concerned with here are pictured in 

(9) and (10) 

9. ~ TSL BED 



10. ~ TSL ONE HUNDRED 

The frequency of occurrence data appears in (11). 

11. 

FINGER CONFIGURATIONS 

TSL ASL 

Opposed Opposed 

IM EJ ~ 
IR *0 *0 

IP *0 *0 

MR B EJ 
MP *0 *0 

RP EJ EJ 
Average 4 
Significantly above average 10 
Significantly below average 4 

5.2.2.1 Discussion 
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In (11), three handshapes are physically impossible and 

three are hard. None are "easy". The results of the test are 

given in (12). 



12.r---------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. p .004 
No statistics available for ASL. 

Test 2: 
TSL Average Frequency = 4.67. 

Of three difficult handshapes, one is significantly 
above the average and one is significantly belm·, the 
average. The third is not significantly different from 
the average. 

No statistics available for ASL. 

Test 3: 
Could not be run because sample contained only 
difficult handshapes in the sample. 
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Three predictions are made. The hypothesis is supported 

once, refuted once and not supported once. The TSL hard 

handshape which occurs significantly more than the average 

(and is predicted to occur less than average) is pictured in 

(9). It occurs in the following signs: LONG 'dragon', LANG 

'wolf', HU LI 'fox', SHANG DANG 'deceived', YIN XIAN 'sly- a 

and b', CHUANG 'bed', FO 'Buddhism', PIAN 'swindle', ZONG ZI 

'rice tamale'. Several of the glosses suggest that the 

handshape is a morpheme repeated in several signs. 

A note here about variants. Recall from Chapter Four that 

bent handshapes and extended handshapes are often variants. 

Examples of extended handshapes that have bent variants are 

given in (13) and (14): 

13. ~ 
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14.~ 
In some cases bent handshapes and extended handshapes are not 

variants. For example, the bent handshape in (15) and the 

extended hand shape in (16) are not claimed to be variants of 

each other in TSL or ASL. 

15.~ 

16.~ 
Another example in which extended and bent handshapes are not 

variants of each other occurs when some fingers are opposed to 

the thumb and othe~s are bent, such as in the handshape in TSL 

ONE-HUNDRED in (17). 

17. [l1] 
I analyze (17) as having two groups: ring and pinky are 

extended, and index and middle are opposed to the thumb. If 

all extended fingers had a bent variant, (17) should have a 
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variant in which the index and middle are opposed to the 

thumb, and the ring and pinky are bent as in (18). 

18.~ 
However, allowing a variant such as (18) neutralizes the 

difference between the two groups of fingers, making the 

original II two-group II hanc1shape into a "one-group II handshape. 

This is because both opposition and bending involve flexion at 

the metacarpophalangeal joint. Thus, (17) it would be 

indistinguishable from (18)4. 

5.2.3 Three fingers opposed, rest extended 

We are concerned with the handshapes pictured in (19) and 

(20) . 

19.~ TSL ONE THOUSAND 

20. ASL fingerspelled D 

(ASL fingerspelled D from Humphries, Padden and O'Rourke 1980:237) 

The frequency of occurrence data is given in (21). 

4I consider all fingers which are in the position to 
oppose the thumb to be opposed, although the ring and pinky 
need not touch the thumb. 



21. 

FINGER CONFIGURATIONS 

TSL 

Opposed 

IMR EJ 
IMP *0 

IRP *0 

MRP Fl 
Average 

TSL 0,1 
Significantly above average 

ASL 14 
Significantly below average 

ASL 0 

5.2.3.1 Discussion 

ASL 

Opposed 

EJ 
*0 

*0 

Fl 
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In (21) two handshapes are IIdifficultll and two are 

impossible. The results of the tests are given in (22). 

22 . .-------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. P 
The ASL table is randomly distributed. p 

Test 2: 
TSL Average Frequency = .5 

.317 

.0001 

Neither of the TSL handshapes are significantly 
different from the average. 

ASL Average Frequency = 7 
One'of the ASL handshapes is significantly above the 
average and the other is significantly below the 
average. 

Test 3: 
Could not be run because there were only difficult 
handshapes in the sample. 

Four predictions were made. The hypothesis made the 
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correct prediction once. It made the incorrect prediction 

once. It was not supported twice. 

In the case of the incorrect prediction, it can be noted 

that the ASL hard handshape which occurs significantly above 

the average is fingerspelled D. An examination of the DASL 

reveals that all English glosses of ASL signs with this 

handshape begin with the letter D; are all clearly initialized 

signs. Thus apparently, other factors such as borrowings from 

spoken language play in to shaping the inventory of signs. 

Summary of section 5.2 

For handshapes in which some fingers are opposed and the 

rest are extended, the hypothesis was tested 15 times. Of 

these, the hypothesis made the correct prediction 9 times. 

Twice the hypothesis made the wrong predi~tion. Four times, 

the frequency of occurrence data was not significantly 

different from the average. In the cases where the hypothesis 

was incorrect, I made two observation. First, I noted that 

many of the signs in which the handshape occurred were 

semantically related. Second, I noted that accordig to the 

DASL, all of the occurrences of the handshape predicted to 

occur less often were initialized signs. 

Test Three could only be run on two sets of data. In both 

cases, or 100% of the time, Test Three showed that taken 

together the easy handshapes and the hard handshapes were 

significantly different. I note that Test Three could not be 
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run in the other four cases, since there were only ONE group 

of handshapes (difficult ones) in the charts. 
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5.3 Two-Group handshape, rest of fingers closed 

In this section, we turn our attention to the handshapes 

in which some number of fingers are opposed and the rest are 

closed. Perhaps the perceptual similarity between the closed 

and opposed configurations accounts for the fact that very few 

of these handshapes are attested in either language. In the 

following subsections, I examine the one- through three-finger 

handshapes with opposition and the rest of the fingers closed. 

5.3.1 One finger opposed, rest closed 

We are concerned with the handshapes in (23) and (24). 

23. I~I TSL PENCIL ASL PERIOD 

24. TSL A LITTLE BETTER 

(25) shows the relevant data. 



25. 

FINGER CONFIGURATIONS 

TSL 

Opposed 
~-

I 37 

M EJ 
R *0 

P ~ I 
Average 

TSL and ASL 0, 1 
Significantly above average 

TSL 37 

5.3.1.1 Discussion 

ASL 

Opposed 

15 

EJ 
*0 
r-l 

1
1

0 II 
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I 

II 

(25) shows that one handshape is impossible, one is 

"easy" and two are "difficult". The results of the tests are 

given in (26). 

5The DASL does not distinguish (a) ("baby 0") from (b) 

(fi~::rl~led "X")(~J~r below. 
Therefore, an official count from the DASL of the baby 0 
handshape was impossible. II\);:;ever, in keeping with other 
similar cases, I have listed the handshape as occurring once. 

6This handshape occurs in the sign A LITTLE BETTER. 
(Perhaps it is a variation of the handshape pictured in (1) 
and described in the section 5.1.1. Neither (1) nor this 
(possible) "closed" variant appear in Smith and Ting (1979, 
1984), but (1) appears in several signs pictured in Chao, 
Chung and Liu (1988)). 



26.r---------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. p 
The ASL table is randomly distributed. p 

Test 2: 
TSL Average Frequency = 17.3 

5.69E-16 
.367 

The easy handshape occurs significantly more than 
average. Neither of two hard handshapes occur 
significantly different from average. 

ASL Average Frequency = .33 
None of the ASL handshapes occur significantly 
different from the average. 

Test 3: 
The two groups are significantly different in TSL. 

p = 2.22E-16 
The two groups are significantly different in ASL. 

p = .157 
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six predictions are made. The hypothesis makes the 

correct prediction once. It never makes the wrong prediction. 

The results are not significantly different from average in 

five cases. Of these 3 are cases in which a hard handshape has 

zero occurrences. 

5.3.2 TSL and ASL handshapes, two opposed, rest closed 

The handshapes we are concerned with here are those like 

the one in (27). 

27. ~ TSL LOQUAT ASL NO 

The data appears in (28). 



28. 

D 
FINGER CONFIGURATIONS 

TSL 

Opposed 

IM L:J 
IR *0 

IP *0 

MR ~ 
MP *0 

RP *0 

Significantly above average 
TSL 5 ASL 4 

Significantly below average 
TSL and ASL 0 

5.3.2.1 Discussion 

ASL 

Opposed 

~ 
*0 

*0 

~ 
*0 

*0 
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In (28) I four handshapes are impossible and two are hard. 

The results of the tests are given in (29). 

29. ~--------------------------------------------------------~ 
Test 1: 

The TSL table is randomly distributed. p .025 
The ASL table is randomly distributed. p .045 

Test 2: 
TSL Average Frequency = 2.5 

One of the hard handshapes is significantly above the 
average and one is significantly below the average. 

ASL Average Frequency = 2. 
One of two hard handshapes occurs significantly more 
than average, the other occurs significantly below the 
average. 

Test 3: 
Could not be run because there were only difficult 
handshapes in the sample. 

Four predictions were made. The hypothesis made the 

correct prediction twice and the wrong prediction twice. 
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5.3.3 Three fingers opposed, rest closed 

In this section, I discuss the handshapes which involve 

three finger oppositions with the other finger closed. No 

pictures of any of the relevant handshapes are available. The 

data is schematized in the chart in (30). 

30. 

D 
FINGER CONFIGu~TIONS 

TSL ASL 

Opposed opposed 

- -
IMR 0 0 

IMP 0 0 

IRP 0 0 

MRP 0 0 

5.3.3.1 Discussion 

All of the handshapes in (31) are unattested. Their 

absence from the inventory is expected from a physiological 

standpoint, since they are difficult. Perhaps perceptual 

constraints contribuute to their absense as well. 

Summary of section 5.3 

The hypothesis was able to be tested 10 times. The 

hypothesis made the correct prediction 5 times. The hypothesis 

made the incorrect prediction 2 times. The frequencies were 

not significantly different from average in five cases. Of 

these, 3 were cases in which a hard handshape was attested 0 

times, but 0 was statistically not significantly different 
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from average. 

Test Three was run twice. In both cases I the easy 

handshapes were significantly different from the hard 

handshapes. Test Three could not be run in the remainder of 

cases because there were no easy handshapes in the chart i 

rather there were only difficult ones. 
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5.4 Unspread Handshapes 

In this section, I discuss the handshapes in which 

adjacent extended or curved fingers are adducted i.e., 

ullspread, that is, with no space between fingers. The number 

of logical possibilities of this sort of handshape is greatly 

reduced, as compared with previous sections. 

Some of the logically possible unspread handshapes are 

pictured in (31) through (36). 

31. ~ 

32. rnlJ 

33. [NJ 

34.~ 

35.~ 
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36.~ 
The logically possible handshapes in which fingers could be 

unspread are listed in (37). 

37. 

I TSL II ASL I 
Unspread unspread Unspread Unspread 
Extended Curved Extended Curved 

TI 3 0 0 0 

I1>1 
1

25 0 I I 70 0 I 
MR *0 *0 *0 *0 

RP 0 0 0 0 

TIM 0 0 0 0 

IMR 0 0 0 0 

MRP 0 0 0 0 

TIMR 
1

0 0 I I 0 0 I 
IMRP 19 0 0 0 

TIMRP 4347 0 472 0 

5.4.1 Discussion 

Of the handshapes (37), two are physically impossible, 

7For this calculation, 

~ (49) were counted. 

the handshapes ~ (385 ) and 
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ten are difficult and eight are easy. The TSL average is 26.7. 

Of the easy handshapes, one is significantly above the average 

and the rest are significantly below. Of the hard handshapes, 

all but one are significantly below the average. One is 

average. 

The ASL average is 30.11. Of the easy handshapes, one is 

significantly above the average and the rest are significantly 

below. Of the hard handshapes; all but one are significantly 

below the average. One is significantly above the average. The 

hypothesis is supported more times than not by the unspread 

handshape data. 

Summarizing, out of 36 predictions, the hypothesis made 

the correct prediction 21 times. It made the incorrect 

prediction 14 times. The results were not significantly 

different from average once. 
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5.5 Summary of Chapter Five 

Chapter Five examined the frequency of occurrences of 

handshapes which involved some number of fingers with the rest 

of the fingers closed, some number of fingers with the rest of 

the fingers extended, and some number of fingers unspread and 

either curved or extended. The data throughout Chapter Five 

suggested that the hypothesis that lIeasyll handshapes occur 

more often than expected and II hard II handshapes occur less 

often than expected was correct overall, though (as in Chapter 

Four) there were exceptions. 

In section 5.1, I discussed two handshapes upon which no 

statistical tests could be run, since there was only one 

handshape per language. Section 5.2 showed the hypothesis to 

be correct in 10 out of 15 cases. Section 5.3 showed that the 

hypothesis was correct in 3 out of 10 cases. This is 

summarized in (38). 

38. 

Hypothesis Results 
Handshapes In Correct Incorrect Average Total 

Section 5.1 0 0 0 0 
Section 5.2 10 1 4 15 
Section 5.3 3 2 5 10 

Of the 9 cases in which the results are average, five were 

cases of hard handshapes with zero occurrences. But zero in 

these cases was not significantly different from average. In 

cases where the hypothesis made the wrong prediction, I 
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suggested first, that borrowing of initialized signs might 

play a role. Second, I suggested that semantically related 

signs all had a similar handsape. 

In section 5.4, I examined the unspread handshapes. I 

summarize the results in (39). 

39. 

Hypothesis Results 
Handshapes Correct Incorrect Insignificant Total 

Unspread 20 15 1 36 
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CHAPTER 6: 
SUMMARY AND IMPLICATIONS OF THE DISSERTATION 

6.0 Introduction 

This chapter is divided into three subsections. In the 

first, I summarize the contents of the dissertation and the 

conclusions it supports. In the second, I explain the 

specific implications of the dissertation. Finally, I explain 

the implications for the study of phonetics and phonology of 

sign and spoken language. 

Summary of the Dissertation 

The dissertation examines the hypothesis that handshapes 

which are easy to articulate occur more often than expected 

and handshapes which are difficult to articulate occur less 

often than expected. To do this, first, in Chapter One, I 

provide the relevant background to this question. I discuss 

some examples of the sorts of spoken language phenomema which 

have been explained by the notion of ease/difficulty. These 

include the inventory of linguistic sounds, the phonetic 

makeup of consonant and pronoun inventories, the order of 

acquisition of phonemes, particular phonological processes 

and the rarity of certain sounds across languages. I show how 

linguists have attempted tc characterize ease of articulation 

in spoken languages. These include discussion of the bite-

block studies, which conclude that although speakers can 

produce the same sound with maximum antagonism, or minimum 
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antagonism, they typically take the second alternative. The 

speculated reason for this is that the second alternative is 

simply easier. Other characterizations of ease include the 

following: (i) a sound which requires greater degrees of 

articulatory precision to produce is more difficult than one 

which requires a lesser degree of articulatory precision and, 

(ii) a sound which requires that a greater number of 

articulatory events take place in order to articulate it is 

more difficult to articulate than a sound which requires a 

smaller number of articulatory events to articulate. 

Ease of articulation has also been discussed in various 

forms in the sign language literature. I discuss aspects of 

signs which are claimed to result from physiological or 

perceptual ease, such as the articulation of particular 

movements through space with particular handshape changes. 

I note that the ease of articulation of handshapes in 

particular has not been discussed in great detail. The 

essential problem inherent in the few discussions about 

handshape ease of articulation can be characterized as a lack 

of explicitness as to the exact functions of the physiology. 

In Chapter Two, I explain the physiology of the hand 

relevant to handshapes. To do this, first I illustrate the 

following anatomical structures in the hand: muscles, bones, 

joints and juncturae tendinum. Next, I explain the 

physiological results of this particular anatomy. I focus the 
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discussion on anatomical structures distal to the wrist 

joint. I point out that I exclude discussion of the neural 

aspects of the human hand, though certainly these should 

eventually be taken into consideration. In fact, such an 

investigation may provide some explanation of the cases in 

which the hypothesis (as it stands in this dissertation) 

fails. My discussion focusses on the most well-accepted 

aspects of hand physiology. The aspects of the physiology 

which are important for handshape are (i) the independent 

extensors, (ii) the way the <middle, ring and pinky> group 

together and (iii) the configuration which the fingers 

assume. The physiological facts about the hand uncovered in 

Chapter Two are used in Chapter Three. Future work might 

consider the effects of the joints proximal to the wrist, and 

the neurology of the human hand. 

In Chapter Three, a physiologically-based theory of ease 

of articulation of handshapes is developed. This theory 

claims that several physiological criteria can be used to 

determine which handshapes are hard to articulate, easy to 

articulate and impossible to articulate. These are the 

Independent Extensor/Sufficient Support Criterion, the 

Profundus/Juncturae Tendinum Criterion and the Muscle 

Opposition in the Configuration of the Selected Fingers 

Criterion. 

Each handshape is assigned a numerical value for each 
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criterion. T:.ese numerical values are combined by an 

algorithm. The combination res'.llts in an lIease score ll for a 

particular handshape. Cut-off points between the physically 

impossible and hard handshapes are determined by the ease 

scores of the physically impossible handshapes. Cut-off 

points between the easy and the hard handshapes are 

determined numerically: all handshapes with lIease scores ll of 

zero are easy and all handshapes with any other lIease score" 

(below the physically impossible ones) are "difficultll. The 

ease scores allow us to make clear predictions as to which 

handshapes should occur more often than expected and which 

handshapes should occur less often than expected. These 

predictions are examined in Chapters Four and Five. 

Chapter Four examines the logically possible handshapes 

which have two groups of fingers, when one is fully flexed, 

and when one is fully extended. Chapter Four was able to test 

predictions as to the frequency of occurrence of 200 

handshapes in all classes. The conclusions of Chapter Four 

are first, that, as expected, impossible handshapes never 

occurred. Second, taken together, easy handshapes occurred 

significantly more often than expected and hard handshapes 

occurred significantly less often than expected in 

approximately 87% of cases which could be tested. Third, on 

a cell-by-cell basis, the chapter was able to test 174 

predictions about easy and hard handshapes. In 89 of these 
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cases, or about half the time, the hypothesis made the 

correct prediction. In 33 cases the hypothesis was directly 

refuted. In 60 cases the hypothesis was not supported. I 

repeat the results of Chapter Four here. 

1. 

Hypothesis Results 
Handshapes In Correct Incorrect Average Total 

Section 4.1 3 2 3 8 
Section 4.2 77 23 40 140 
Section 4.3 9 8 17 34 

Chapter Five examined the opposed handshapes and the 

unspread handshapes. The results overall were similar to 

those in Chapter Four. I repeat those results here. 

2. 

Hypothesis· Results 
Handshapes In Correct Incorrect Average Total 

Section 5.1 0 0 0 0 
Section 5.2 10 1 4 15 
Section 5.3 3 2 5 10 

The results of the unspread handshapes are summarized 

in (3). 

3. 

Hypothesis Results 
Handshapes Correct Incorrect Insignificant Total 

Unspread 20 15 1 36 

In Chapters Four and Five, I appealed to explanations 
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involving perception, statistical methods, lack of complete 

data to explain some of the "problem" cases. For example, 

ease of articulation did not explain cases where the 

hypothesis was refuted (cases in which an easy handshape 

occurred less often than expected or a hard handshape 

occurred more often than expected). In many such cases, I 

speculated that perception might play a role in the 

linguistic facts being as they are. So an easy handshape suc!: 

as curved thumb with the rest of the fingers extended, never 

occurs, and thus it occurs less than expected. However this 

handshape seems perceptually extremely close to a full open 

hand, which is a common handshape. Perhaps sign languages 

cannot accomodate having both of these l;1andshapes since 

resemble each other so closely. In some cases the hypothesis 

was not supported because handshapes occurred just as 

frequently as expected, rather than more or less than 

average. In such cases I noted that it was often true that 

zero frequency of occurrence was statistically seen as not 

significantly different from average. However, it seems 

intuitively clear that a case of a hard handshape which 

occurs zero times, ought to lend support to the hypothesis, 

not go against the hypothesis. I speculated that the 

statistical method I have used might need to be modified to 

accomodate this situation. Finally, in come cases, there are 

occurring handshapes of which were not included in the 



298 

samples. In such cases, I entered a frequency of occurrence 

of 1 in the appropriate chart, and a footnote explaining 

this. Thus, the count of 1 may not be accurate- thus, in some 

cases, this lack of data may cause some the cases which 

refute the hypothesis. 

Other strategies that might be taken to explain problem 

cases are tha.t the physiological criteria might be incorrect, 

the algorithm \niS:lt be incorrect, the numerical values 

assigned to the criteria might be incorrect, or the cutoffs 

might be incorrect. 

For example, the physiological criteria I have isolated 

here might not be the correct ones. Future research in this 

area may show that one (or all) of these factors is not the 

most important for ease and that other factors should be 

considered. This would support changing the criteria used to 

evaluate ease. 

The algorithm that I have used here to calculate the 

ease scores might not be correct. As I acknowledged in 

section 3.2.4, many possible algorithms might be used to 

arrive at an ease score. Reasons to choose one over another 

might be established with further research in this area. 

Along with this, the numerical values which I have 

assigned to the criteria may be incorrect. Perhaps it is not 

a matter or YES or NO and consequently, 1 or 0, as in this 

system. There might be reason to weigh the criteria 
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differently, or to make one criteria count more than another 

(as I have with the Muscle Opposition Criterion counting more 

than the other two.) Or perhaps, the criterion which counts 

the most as the theory stands should be made to count less. 

Finally, the cutoffs that I have chosen might be 

incorrect - perhaps more handshapes than those wi th 

essei1tially nothing hard about them (the handshapes with 

scores of 0) should be considered easy. Incorrect cutoff 

points might contribute in cases when the hypothesis was 

incorrect. With more work in this area, motivation to choose 

different cutoff points may be uncovered. 

To summarize, the dissertation shows that the hypothesis 

that easy handshapes occur more often than expected while 

hard handshapes occur less often than expected is often 

supported by handshape data from TSL and ASL. However, this 

hypothesis makes predictions in approximately 20% of cases. 

And in some cases the hypothesis is not supported since 

handshapes occur approximately the expected frequency- not 

above or below. The dissertation concludes t.hat ease of 

articulation affects frequency of occurrence of handshape 

within a single sign language. However, while the physiology 

does a formidable amount of the work of predicting which 

handshapes will occur often in a sign language, the 

physiology alone cannot do all of the work. This is expected 

since other variables contribute as well. 
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6.1 Specific Implications 

In this section, I explain the specific implications of 

the dissertation. These are ideas for future research which 

is directly relevant to the project at hand. 

Construction of a model of ease of articulation for 

sounds is a sticky matter, since it is not clear what the 

criteria for ease or difficulty of a speech sound should be. 

This is so even though the available technology for studying 

speech sounds is quite advanced. The theory proposed here for 

ease of articulation of handshapes is as difficult. For 

example, the hand is well-supplied with muscles which 

cooperate in a complicated manner to accomplish various 

goals. I have based the discussion of physiology upon the 

generally accepted view of the physiology of the hand. In so 

doing, I exclude, for example, consideration of neurology and 

experimental means to study handshape kinematics. At this 

stage then, it seems unlikely that this study makes a direct 

contribution to the work in spoken language phonetics which 

seeks to characterize ease of articulation. 

However, if more attention to handshape and sign 

phonetics proves fruitful in future research, the methods and 

theories of phonetic work in sign languages will advance. As 

this occurs, sign language phonetics stands to provide new 

insights for spoken language phonetics, for example, 

concerning studies of how to characterize ease of 
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articulation. The modality difference between sign and spoken 

languages may make study of phonetic properties of aspects 

of a sign more accessible than it is in spoken languages. 

Even if the important discoveries about the phonetics of sign 

languages need to be made by examining physical structures 

of the hand that lie beneath the surface, experimental work 

may be easier to do on the hands and forearm than in the 

vocal tract. A start in experimental sign phonetics has 

already been made. For example, Wilcox (1992) characterized 

fluent and disfluent fingerspelling. Wilbur (1990) describes 

ways of producing stressed signs. The results were derived 

experi mentally; both used a motion analyzer, the Waterloo 

Spatial Motion Analysis Recording Technique (WATSMART). 

The dissertation contributes to the sign language 

literature by proposing a formalized and rigorous notion of 

11 ease of articulation 11 of handshapes. As in spoken languages, 

this notion has often been appealed to without such a 

formalization (for example, Brentari 1990: 53). In the absence 

of a theory of ease of articulation, the reasons that one 

handshape is IImore comfortable ll or lIeasier ll than another are 

unknown or unclear. The two deleterious effects of this are 

first, that the notion of ease of articulation becomes a 

matter of intuition, and second, that it cannot be used in 

a non-circular way to explain linguistic phenomena. 

The model I have proposed makes clear claims about the 
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physiological effect of various anatomical structures in the 

hand. Since the phonetics of sign languages will likely 

include analysis of hand and forearm movements, linguists and 

kinesiologists would do well to examine together some of 

these issues. For example, the juncturae tendinum, the 

muscles and the radial/ulnar distinction. I explain future 

research connected with each of these in turn. With regard to 

the juncturae tendinum, two hypotheses should be examined. 

First, it should be determined experimentally whether the 

juncturae tendinum effects I cite occur for large numbers of 

people. Second, it should be determined whether these effects 

should in fact be attributed to the juncturae tendinum. 

Perhaps somewhat easier to test are claims that certain 

muscles are used in the articulation of particular 

handshapes. Such claims might be verifiable by methods 

introduced in sources from the p~ysiological literature such 

as Basmajian (1978) and Kendall, Mc Creary and Kendall 

(1983). I also make claims about whether the use of these 

muscles makes the handshapes easy or difficult. Testing these 

claims of course depends on what the definition of "ease" is, 

and whether/how it can be tested. The agility of the radial 

vs. ulnar fingers might be tested as well. 

Additional motivation for the three criteria for the 

majority of the handshapes in Chapter Three remains to be 

uncovered. For example, with regard to the Muscle Opposition 
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in Configuration criterion- is there an experimental method 

to measure how much opposition exists? If there is, we could 

more confidently use this criteria to rank the four 

configurations in terms of ease. As discussed above, aspects 

of the Profundus/Juncturae Tendinum criterion remain to be 

tested. 
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6.2 General Implications 

In this section, I discuss the two general implications 

of this work. First, this research has implications for the 

attempt to understand as separate entities (which nonetheless 

bear upon each other) handshape phonetics and phonology. 

Second, this work has implications for the phonologial 

theories. I discuss each in turn. 

Phonetics is Separate from Phonology 

This research can potentially take the burden of 

explanation of some handshape phenomena from phonology. 

Much linguistic and psycholinguistic evidence supports the 

notion that language is a mental process. However, it has long 

been recognized that forces/mechanisms outside of the grammar 

must impose some constraints upon the form a language can take 

(Hammond 1991, Cor ina 1993) . One question that can be examined 

is which linguistic phenomena must be explained by reference 

to mental representations, and which linguistic phenomena may 

be explained by aspects of the "real world", such as 

constraints of the vocal tract, perceptual requirements, etc. 

Phonology and phonetics provide an opportunity to examine 

these questions. 

Classical definitions hold that phonetics seeks to 

explain the physical properties of sounds, while phonology is 

concerned both with explaining the behavior of the sounds in 

sound sequences and the mental representation of sounds. Thus, 
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we expect that handshapes have a canonical, physical or 

citation form (with which this research is largely concerned) , 

and that they may assume various other forms when they are 

acted upon by phonology. Although in many ways these 

enterprises are related, in spoken languages the two fields 

have been separated (Ohala 1990). In fact, some proponents of 

(whichever) one believe that the other is "relatively 

uninteresting" (Pierrehumbert 1990) . However, there is a move 

afoot to bring· evidence from each to bear upon the other 

(Ohala and Jaeger 1986, Kingston and Beckman 1990, Ohala 1974, 

Ohala 1990). 

In sign language research, phonetics and phonology are 

not separated idealogically, since phonetics, per se, hasn't 

received much attention. The word "phonetic" has often been 

used as synonymous with "unimportant". The dissertation 

underscores the need for sign language researchers to corne to 

grips with what is phonetic and what is phonological. This 

work has appealed to the physical properties of handshapes to 

explain facts about the frequency of occurrence of handshapes. 

As such, I consider it an example of phonetic research. For 

the most part, it is not concerned with the phonological 

processes that members of the inventory may undergo. It does 

not examine the behavior of handshapes, for example, in 

strings. It does not propose any rules which relate one form 

of a handshape to another, though it discusses variants of the 
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same handshape. The question remains: will further study of 

handshape/sign phonetics answer more such questions about 

handshape? What will the phonetics fail to explain? Will a 

particular phenomena that the phonetics fails to explain be a 

candidate for a phonological explanation? 

Phonological Theories responsible to the phonetics 

This dissertation divides handshapes into three groups: 

easy, hard and impossible. Although the dissertation is not 

directly concerned with phonology, it has implications for 

phonological theories which are responsive to the phonetics. 

The dissertation has shown that the physiology is partially 

responsible for the handshape inventories and patterns 

discussed above. The question remains as to whether the 

physiological reasons behind these phenomena should be encoded 

in the grammar or not. I discuss how the physiology behind 

impossible, hard and easy handshapes might be encoded in a 

grammar. 

Consider first the case of a physically impossible 

handshape in which the ring finger is extended with the rest 

of the fingers closed. First, we might advocate the 

construction of a feature theory for handshapes which prevents 

combinations such as [+extended] and [+ring] (Corina and Sagey 

1988, Sandler 1989) from occurring since these two features 

can never combine when the ring finger acts alone with the 

rest of the fingers closed. Such a theory might define these 
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features in a mutually incompatible way, as, for example, in 

spoken languages in the case of the features [+high] and 

[+low] (Chomsky and Halle 1968) . These features cannot combine 

because by definition they are incompatible. 

A second possibility is to construct a feature geometry 

such that the features which would create impossible 

handshapes cannot cOIT_bine (for example, Sagey 1990). Such a 

theory might place [+extended] and [+ring] in a feature 

geometry (Corina and Sagey 1988, Sandler 1989) in such a way 

as to make their corr~ination impossible when the ring finger 

acts alone. In such a scenario, the physiological fact that it 

is impossible to extend the ring finger when it acts alone 

would be captured by the formal feature geometry which 

disallowed the combination. 

A third possibility to encode physiological constraints 

in the grammar is to employ feature co-occurrence constraints 

which are based upon the phonetics. Grounding Theory is such 

a system (Archangeli and Pulleyblank, in press). It allows 

features to combine freely; any combinations on such 

combinations are physiological ones. For the handshape 

discussed above, a constraint like the following might be 

used: * [+extended, +ring]. Again, the formal constraint on 

combinations encodes the fact that the ring cannot extend 

alone when the other fingers are closed. 

There are reasons to assert that physiological 
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information need not be encoded in the grammar. On this view, 

the grammar encodes only those aspects of the language which 

cannot be predicted from anything else. Since physical 

impossibility is a fact which exists outside the grammar, in 

the "real world" I information about physically impossible 

handshapes would not need to be encoded in the grammar. That 

is, any handshape which is physically impossible would not be 

produced not because it was prevented from doing so by a 

feature geometry or a theory of constraints. Rather such a 

handshape would not be produced because it is simply 

impossible. The physiology itself, not a formal theory, is the 

explanation for why the handshape doesn't occur (John Ohala 

p. c) . 

Consider next a hard handshape, such as the bent ring 

finger with the rest of the fingers closed. Such a handshape 

would be allowed to occur by a feature theory; features would 

be defined in such a way that they are compatible. Similarly, 

a feature geometry would allow the combination by placing the 

features in the geometry in such a way that they could 

combine. A constraint theory such as Grounding Theory is the 

only one which makes claims about the relative difficulty of 

particular handshapes. A handshape such as the bent ring 

finger with the rest of the fingers closed would be produced 

from an ungrounded combination: [+bent, +ring]. The physiology 

discussed in Chapter Two gives a clear physiological basis for 
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this. Grounding Theory would further predict that the 

handshape would be unstable and marked across languages. 

An easy handshape such as the extended index with the 

rest of the fingers closed would be allowed to combine by all 

of the theories. 

The dissertation does not provide any evidence to choose 

between these competing ideas. Rather, the dissertation 

explains the reasons for grouping handshapes as either easy to 

articulate, hard to articulate or impossible to articulate. 

Whatever view is adopted, 

phonetic evidence for 

this work can be drawn on for 

claims about features, feature 

geometries and feature combinations. 
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