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0. Abstract

While research concerning the phonology of sign languages has been abounding, the phonetics of sign languages has not been as well elucidated and few cross-linguistic studies have emerged.  Moreover, the nature of internal movement, signs which contain movement of the hand only, has not been well studied.  In this thesis, I follow up on previous work focusing on primary movements in five different sign languages – American, British, Italian, French, and Australian – and look at signs containing only internal movement.  Perhaps surprisingly, internal movement contributes an average of 15% of all the signs in certain languages, not including signs that have a combination of primary and internal movement.  Thus, internal movement is an important force in a sign language’s lexicon that must not be overlooked.

To analyze internal movement, I developed an anatomical classification system based on combinations of possible joints and muscle contractions resulting in movement of the hand, which maintains its same absolute location in the signing space.  Using this coding system, I mapped the frequency of internal movement types across a language’s set of internal movement signs.  These results allowed me to speculate on the properties of the articulator that most readily allow sign languages to change or innovate.  In addition, I looked at the prevalence of marked and unmarked hand configurations and how markedness correlates to their appearance within a given language.  Overall, both language specific and universal trends emerge.  Based on observations from the data, I propose a few universal tendencies: the Distal Joint Limitation, the Proximal Joint Preference, the Immobile Base Limitation, and the Internal Movement Weak Reduction.  This thesis provides an alternative system of viewing internal movement, as well as a sign perspective for the phonetic diversity across languages.
1. Introduction
1.1. General Background
Since Stokoe’s revolutionary work asserting that sign languages can be studied linguistically just as spoken languages, the field of sign language research has grown tremendously (Stokoe, Casterline, & Croneberg 1965).  Battison opened the door for studies in sign phonology by refuting the idea that signs have multiple features that are realized simultaneously.  Instead, he argued for a model of ASL phonology that represented signs as being composed of articulatory segments, like spoken languages (Battison 1980).  Four classic parameters define segments of signs: location, movement, hand configuration (HC), and orientation (Battison 1980; Stokoe 1978).  Since these classic works, other sign linguists have also recognized the nonmanual parameter as an indispensable component of signs; the evidence is particularly convincing in Sutton-Spence and Woll (2000).  While location, orientation, and nonmanuals may in fact allow for differences among sign languages, their contribution will not be directly considered in this paper.  This study focuses in on movement with particular consideration of internal movement and some analyses of hand configuration.

Despite the difference in modality, sign languages conceptually contain homologues to spoken languages with correlates having been established across the board.  Since then, numerous studies on sign phonology have been published; for further resources on the phonology of internal movement refer to Ann (2006), Brentari (1998), Hand (2006), and Sandler (1989).  Few works have been published exclusively on the phonetics of sign languages, although there is growing interest in using optical motion-tracking systems to study sign phonetics (Chen, Fu, and Huang 2003; Tyrone 2001).  Because further research into the nature of sign language and its theoretical underpinnings would give us a better understanding of how language is processed in the brain, the study of the phonology and phonetics of sign languages is crucial for the establishment of a Universal Grammar.
A previous work of mine discusses the study of sign language phonetics using a novel method of doing cross-linguistic analysis (Napoli, Mai, & Gaw to appear).  We looked for distinguishing phonetic characteristics that might arise at the level of primary movement between languages.  The work focused on the frequency of signs characterized by different directions where the movement parameter contained either straight path or curved path primary movements.  After generating a list of characteristics derived from instances where languages differed from the majority, we determined the extent of relation between two languages based on the number of shared characteristics.  On the whole, languages appeared to be more similar than dissimilar at the level of primary movement than one might expect, suggesting that unique phonetic characteristics may be more noticeable in other corpora.  Therefore, in this thesis another corpus is examined.  
1.2. Movement

Of the five parameters of signs, many scholars believe that movement is the analogue of sonority 
 ADDIN EN.CITE 
(Brentari 1990; Corina 1990b; Perlmutter 1992; Sandler 2003)
 – movements have been likened to vowels and holds to consonants (Valli & Lucas 2005).  In fact, Brentari uses movement as the basis for her prosodic model of sign syllables, which breaks down signs into a hierarchical feature geometry composed of inherent features (handshape and location) and prosodic features (movement).  In line with other scholars, Brentari classifies movement as vowels 
 ADDIN EN.CITE 
(Brentari 1998; Liddell & Johnson 1989a; Perlmutter 1992)
.  Because the movement parameter is seen as vocalic and contributing to the prosody, this thesis will focus on movement across various sign languages.

Two types of movements exist in sign languages: primary (or path) movement and internal (or secondary, hand internal, handshape internal, local, or micro-) movement.  Stokoe did not make a distinction between primary movement and internal movement (Stokoe 1978).  Primary movement, also referred to as path movement, is defined as a movement in which the hand changes location with respect to a major body region (Sandler 1989).  From the anatomical viewpoint used in this study, primary movement involves movement of the articulator at the shoulder and elbow joints, resulting in movement of the hand through absolute space.  Secondary movement (also known as internal, hand internal, handshape internal,) is sometimes defined as movement of the fingers or wrist that can occur during path movement with a clear distinction being made between secondary movement and hand configuration change based on movement distribution (Perlmutter 1992).  Others view secondary movement as involving rapid uncountable repeated movement of a single handshape (Corina 1990a; Liddell & Johnson 1989b).  Moreover, the proposed movements that comprise secondary movement, like finger opening, closing, bending, wiggling, and wrist twisting (Stokoe et al. 1965), are imprecise and provide a limited view of secondary movement by disregarding physiology.  Using the proposed method for anatomical classification for internal movement, this thesis attempts to standardize the representation of internal movement.
1.3. Internal movement

In my previous work on primary movement, my colleagues and I uncovered some interesting results and raise some interesting questions in the area of sign phonetics.  Because we excluded data involving internal movement from our previous study, there was an abundance of data that had been untouched and unanalyzed.  In some languages, internal-movement-only signs contributed as much as 17% of the entries in the dictionaries that we evaluated (Figure 1.1).  This thesis will focus on phonetic considerations only; the phonological argument that internal movement is distinct from secondary movement will not be considered (Corina & Sandler 1993).  Because of the large and probably unexpected contribution from internal movement, increased attention needs to be given to internal movement from the perspectives of both phonetics and phonology.  
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Figure 1.1.  Signs lacking primary movement contribute as much as 17% of all signs of a sign language and as little as 12% of all signs (χ2=20.3; *p < 0.05; ***p < 0.0005; ).

In this thesis, internal movement will be used as an umbrella term that houses secondary movement and hand configuration change.  Instead of considering the phonological features that separate secondary movement from internal movement, I will simply acknowledge that some sign linguists consider these two categories to be distinct, but evidence compelling unanimous agreement is lacking (Ann 2006; Corina & Sandler 1993).  Here, internal movement will refer to movement resulting in a change of the hand without a change in absolute location.  For internal movement, the points in space where the elbow and wrist are located are fixed in space and the points reflecting the digits may change dynamically.  However, that is not to say that the forearm cannot move; only that the points of the elbow and points of the wrist do not move in absolute space.  Thus, the forearm can rotate to change the orientation of the hand without the wrist or elbow moving in space.  As for the distinction between what I will consider secondary movement and hand configuration change, this issue is slightly more complex.  Secondary movement will refer to any movement on the hand where the general hand configuration does not change.  For example, some sign linguists might consider the 1 hand configuration to be distinct from the X hand configuration, but because internal movement is a dynamic process that should result in predictable changes, I will not consider these hand configurations within a sign to be different.  Only when the underlying hand configuration changes in a sign, such as a change from B handshape to an H handshape, will I consider the sign to be composed of a hand configuration change.  
With the belief that internal movement may very well house phonetic innovations that allow sign languages to diverge, this thesis focuses on the phonetic diversity in internal movement across languages, where phonetic diversity is the number of different speech elements composing a syllable or the phonetic complexity of the syllable (Stoel-Gammon 1994).  The combinatorial relationship between the numerous different hand configurations and different movements stemming from four different joints (which themselves may appear together), suggests that internal movement may be a key factor in innovating new phonetic characteristics of a sign language (Hansen 2006; Sandler 1989).  Compare this to primary movement, which involves only the shoulder joint and the elbow, and thus does not draw upon the most articulate of the joints.  Moreover, as shown in Figure 1.1, internal movement comprises a pretty large percentage of all the signs in a sign language, which will most likely come as a shock to many sign linguists.  This point highlights the importance of internal movement in discussions of sign language phonetics and phonology, as internal movement constitutes a large proportion of the signs in any given language (Figure 1.1.; Table 3.1).  To my knowledge, no study has focused on the frequency of internal movement types within different sign languages.
HC will be briefly analyzed in the context of signs involving hand configuration change (HCx) and their frequency of occurrence in internal movement signs.  Thus, the theoretical aspects of handshape as a part of phonology will not be considered here.  
1.4. Anatomy and Kinesiology of the Articulator


Equally as important as the linguistic background of this thesis is the anatomical and kinesiological background that I will present here.  The classification scheme that I use in this thesis is based on the view that the linguistic output of a signer is constrained by the limitations of his or her body.  As a result, sign languages can also be understood and categorized in terms of the anatomy that is involved.  This section will discuss the bones, the muscles, and the resulting movements of sign language, with particular emphasis given to internal movement.  I hope that this discussion will demonstrate the complexity of internal movement and the potential for phonetic innovation and divergence to occur at this level.

To aid the reader with the terminology used in this thesis, I will use the word “kinesiology” to refer to the study of movement.  “Anatomy” refers to the physical structures of the body.  “Physiology” primarily refers to the physical and biochemical activities that mediate functions of the human body.  While other authors may use physiology loosely to refer to the mechanics of movement, I will attempt to be precise in my wording in this thesis.  The labels proximal and distal will refer to the relative locations of the anatomy – a structure that is proximal is nearer to the body, whereas one that is distal is further away from the body (i.e. the upper arm is proximal and the fingertips are distal).

Different structures of the body can engage in related types of movement, in which a pair of muscles govern movement of the structure along a plane; one muscle allows the structure to move in one direction, while the other can undo the process and vice versa.  Say we were to lie a person on a flat surface facing the ceiling, with her palms pointing upward.  She could move her whole arm upward so that her fingers point the ceiling or conversely she could move just her forearm, such that her upper arm remains on the table.  Likewise, she could move only her wrist, her fingers at her big knuckles, or her fingers at her little knuckles upward.  All of these examples are types of flexion.  Now, imagine that for each of these poses, she went from pointing upward to lying her arm back down on the table, the reverse of what we have just discussed.  This movement would be called extension.  At the shoulder, wrist, and fingers (but not the elbow), she can also move laterally, such her fingers move outward from her body.  This is called abduction (or radial deviation for the wrist).  From an outward position, if she moves inward, she would be engaging in adduction (or ulnar deviation for the wrist).  These are the general types of movement that human body can engage in – the musculoskeletal system is essentially a huge system of levers and pulleys.  

In Figure 1.2, the bones of the articulator are presented along with the joints at which movement occurs.  At joints I and II, the shoulder and the elbow joints, respectively, primary movement occurs through flexion and extension, as well as abduction and adduction at the shoulder.  Internal movement manifests at joints II, III, IV, and V, the elbow,  the wrist, the metacarpophalangeal, and the phalangeal joints, respectively.  The elbow joint allows pronation and supination in the hand – changing orientation of the palm from downward to upward and vice versa.  The wrist allows the hand to engage in flexion and extension, as well as radial and ulnar deviation, the type of movement that occurs if you wave at someone.  The metacarpophalangeal joints primarily act to flex and extend the fingers, although a limited amount of “side-to-side” movement can take place, just as if one wagged his finger only and not the rest of the hand.  The phalangeal joints can only allow flexion and extension.  Figure 1.3 provides a classic, labeled illustration of the bones of the hand in detail.  Table 1.1 presents the range of motion for each joint involved; only those movements important for internal movement are shown. 
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Figure 1.2. Movements can be mapped based on the joint at which they occur and the movement type involved.  The joints relevant for sign languages are show in blue roman numerals.  I – the shoulder joint; II – the elbow joint; III – the wrist; IV – the metacarpophalangeal joints; V – the phalangeal joints.
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Figure 1.3. For each digit, the hand has three joints at which internal movement can occur, the wrist, the metacarpophalangeal, and phalangeal joints.  Although there is a distinction between the interphalangeal and distal phalangeal joints, one will not be made here and will be collectively referred to as the phalangeal joints.  In typical cases, movement of one cannot occur without the other.  (Gray et al. 1878)
Table 1.1. Typical ranges of motion for joints in the arm†.

	Joint
	Movement Type
	Range of Motion (in degrees)

	Forearm
	Pronation/Supination
	70/85

	Wrist
	Extension/Flexion
	70/75

	
	Radial\Ulnar 
	20/35

	Thumb basal joint
	Palmar Adduction/Abduction
	Contact/45

	
	Radial Adduction/Abduction
	Contact/60

	Thumb Interphalangeal
	Hyperextension/Flexion
	15H/80

	Thumb Metacarpophalangeal
	Hyperextension/Flexion
	10/55

	Distal Interphalangeal joints
	Extension/Flexion 
	0/80 

	Proximal Interphalangeal joints
	Extension/Flexion 
	0/100

	Metacarpophalangeal joints
	Hyperextension/Flexion
	(0-45H)/90


†This table is adapted from Luttgens & Hamilton (2001).

The rest of this section will deal with the joints that signs have at their disposal and the type of movements that occur at each joint.  In addition, the muscles involved in each movement will be listed, although they will not be described in any great detail.  The muscles are listed so that the anatomically inclined linguist may pinpoint the source of movement.
1.4.1. I – Shoulder Joint

The shoulder joint is a ball and socket joint, which allows for a wide range of movements that may be characterized by their direction.  The muscles involved in shoulder flexion are the anterior deltoid, the coracobrachialis, and the pectoralis major.  Shoulder extension is caused by the posterior deltoid, the teres major, the latissimus dorsi, and the pectoralis major.  Shoulder abduction is cause by the posterior deltoid, whereas adduction is caused by the anterior deltoid along with the pectoralis major (Esch et al. 1974; Wheeless 2009).  Movement at the shoulder joint (Category I), however, produces signs that change absolute location of the distal-most articulator – primary movement signs – and thus Category I movement is beyond the scope of this paper.  For work concerning primary movement refer to Napoli, et al. (to appear).
1.4.2. II – Elbow Joint


a – Radial/Ulnar Pronation and Supination: Complete

Radial/ulnar pronation and supination allow the palm of the hand to rotate.  The muscles involved in pronation are the pronator teres and the pronator quadratus.  The muscles involved in supination are the supinator and the biceps brachii (Esch et al. 1974; Wheeless 2009).  One could also view this movement as changing the orientation of a sign. An example of an ASL sign containing this movement is BORING (Figure 1.4).  I will refer to this movement as a Category IIa movement.
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Figure 1.4. The 1H ASL sign BORING involves a Category IIa movement. 

b –Radial/Ulnar Pronation and Supination: Intermediate

A sign does not always need to involve complete radial/ulnar pronation and supination – a rotation of less than 180 degrees is possible for a sign.  An example of this type of movement is found in the LIS sign SPECCHIO ‘mirror’ (Figure 1.5).  I will refer to this movement as a Category IIb movement.
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Figure 1.5. The 1H LIS sign SPECCHIO involves a Category IIb movement.

c – Flexion and Extension

Flexion and extension at the elbow joint allows the radius and ulna to move with respect the humerus.  Involved in elbow flexion are the biceps brachii, the brachialis, and the brachioradialis.  Extension is a result of primarily the triceps (Esch et al. 1974; Wheeless 2009).  These reciprocal actions are the same type of actions that allows us to do bicep curls in the gym.  Because this movement changes the final location of the hand in a sign, it is considered primary movement and will not be analyzed in this paper.  

s – Shake

Shaking at the elbow joint produces rapid pronation and supination movements that do not rotate to any visible extent, but rather creates the perception of the hand shaking quickly from side to side, as if it were see-sawing back and forth.  An example of this type of movement is found in the 1H Auslan sign THIRD (Figure 1.6).  In future sections of the paper, this type of movement will be referred as Category IIs movement.
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Figure 1.6. The 1H Auslan sign THIRD involves a Category IIs movement.

1.4.3. III – Wrist Joint


a – Radial/Ulnar Deviation

Radial/ulnar deviation at the wrist joint allows the hand to engage in a waving type of motion.  In this motion, the hand itself creates an arc as the bones of the wrist glide toward the radius or ulna and then usually glide back to where it started.  Radial deviation calls upon the flexor carpi cardialis and the extensor carpi radialis longus, whereas ulnar deviation uses the extensor carpi ulnaris and the flexor carpi ulnaris (Esch et al. 1974; Wheeless 2009).  An example of this type of movement can be found in the 1H LSF sign AU REVOIR ‘goodbye’ (Figure 1.7).  In future sections of the paper, this type of movement will be referred as Category IIIa movement.
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Figure 1.7. The 1H LSF sign AU REVOIR involves a repeated Category IIIa movement.

b – Flexion and Extension

Flexion and extension at the wrist joint allows the wrist to bend at an angle to the radius and ulna bones and straighten.  Signs that have complete flexion and extension form a full 90 degree angle, although this category also houses intermediate flexions and extensions from 30° and upward.  Wrist flexion is mediated through the flexor carpi radialis and the flexor carpi ulnaris.  Wrist extension occurs through the extensor carpi radialis longus, the extensor carpi radialis brevis, and the extensor carpi ulnaris (Esch et al. 1974; Wheeless 2009).  An example of this type of movement can be found in the 1H ASL sign STRANGE (Figure 1.8).  In future sections of the paper, this type of movement will be referred as Category IIIb movement.
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Figure 1.8. The 1H ASL sign STRANGE represents a typical Category IIIb movement.


c – Rotation

Some signs contain a type of movement that is a fusion of flexion/extension and radial/ulnar deviation.  The resulting movement allows for a hand that moves in circles about a pivot, using muscles involved in both flexion/extension and deviation.  An example of this type of movement can be found in the 1H LSF sign PERCHE ‘why’ (Figure 1.9), although the circles formed can be much wider or smaller than the one shown.  In future sections of the paper, this type of movement will be referred as Category IIId movement.
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Figure 1.9. The 1H LIS sign Perché is representative of a Category IIIc movement.


s – Shake

Similar to Category IIs movement, a shaking movement at Joint III is really composed of rapid Category IIIa or IIIb movements and manifest more as rapid movement instead of deviations or flexions and extensions, separately.    An example of this type of movement can be found in the Auslan 1H sign BLOUSE (Figure 1.10).  In future sections of the paper, this type of movement will be referred as Category IIIs movement.
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Figure 1.10. The 1H Auslan sign BLOUSE is representative of a Category IIIs movement.

1.4.4. IV – Metacarpophalangeal Joints

Up until this point, movement at the I, II, and III joints were generally easy to characterize because of the lack of more than one anatomical structure pivoting at a given point.  At the metacarpophalangeal joints, not one, but five structures emerge, each with their own metacarpophalangeal joint.  This rapidly allows for many different types of movement at these joints, depending on how many fingers are involved and the starting hand configuration.


a – Flexion/Extension



1 – Complete Flexion/Extension

Like the previous cases of flexion and extension, this type of movement at joint IV allows for the formation of 90 degree angles between the metacarpal bones and the phalangeal bones.  As many as four digits may be involved and as few as one (while this type of movement may involve all five digits, the result is an HCx if the thumb is considered).  To engage in metacarpophalangeal flexion, the hand uses the dorsal and volar interossei, the lumbricales, and the flexor digiti minimi, while the extensor digitorum, the extensor digiti minimi, and the extensor indicis are used for extension (Esch et al. 1974; Wheeless 2009).  An example of this type of movement can be found in the 1H ASL sign PIG (Figure 1.11).  In future sections of the paper, this type of movement will be referred as Category IVa1 movement.
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Figure 1.11. The 1H ASL sign PIG represents a Category IVa1  movement.


2 – Asymmetrical flexion/extension
While four digits may engage in flexion and extension, as described above, the digits do not necessarily have to move in synchrony.  Digits can engage in a flexion/extension  series of movements beginning at the pinky and continuing through the index finger.  The result of this type of movement is a “wiggle,” as described in previous papers.  To simplify discussion of this movement, I call this movement a “wiggle” with the understanding that the movement is kinesiologically defined here.  An example of this type of movement can be found in the 1H BSL sign UNSURE (Figure 1.12).  In future sections of the paper, this type of movement will be referred as Category IVa2 movement.
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Figure 1.12. The 1H BSL sign UNSURE represents a Category IVa2  movement.


3 – Singular flexion/extension

Conversely, some signs contain the flexion and extension of only one or two digits, resulting in a sort of flicking motion.  Again, since the anatomy underlying this movement is described in this section, I will abbreviate the name of this movement to “flick.”  An example of a flick can be found in the 1H LIS sign PARLARE ‘talk’ (Figure 1.13).  In future sections of the paper, this type of movement will be referred as Category IVa3 movement. 
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Figure 1.13. The 1H LIS sign PARLARE represents a Category IVa3  movement.

b – Thumb Abduction

With respect to the rest of the digits, the thumb is able to undergo abduction and adduction in two different directions.  Thumb abduction refers to the movement of the thumb, such that the thumb ends up perpendicular to the surface of the palm.  This movement uses the abductor pollicis brevis and the abductor pollicis longus (Esch et al. 1974; Wheeless 2009).  An example of this type of movement can be found in the 1H AUSLAN sign FINISH (Figure 1.14).  Notice that as the thumb of the signer moves towards the center of the signer’s body, the thumb becomes closer to becoming perpendicular to the palm – this is known as abduction.  As the thumb moves towards its original location, the movement is known as adduction.  In future sections of the paper, this type of movement will be referred as Category IVa2 movement. 

I should note here that it is unclear whether or not this movement actually exists.  The example used here is a good demonstration of the issue – does the thumb move or is there a rapid pronation/supination of the forearm (Category IIs), which results in a the thumb moving side-to-side?  Indeed, it is difficult to tell by using static representations of signs and it highlights one of the limitations of this study.  While the judgment call is more or less a subjective one, I have decided that any sign, in which the based of the hand is listed as immobile with clear indication that the thumb moves side-to-side, will be listed as thumb abduction.  If it turns out that this judgment call is incorrect and that the movement really is solely a Category IIs movement, future sign phoneticists can simply recategorize all of the Category IVb/c signs as IIs.
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Figure 1.14. The 1H AUSLAN sign FINISH represents a Category IVb  movement.

c – Thumb Flexion/Extension
The other type of movement in which the thumb can participate involves flexion and extension of the thumb joint in the plane parallel to the palm.  The thumb employs the flexor pollicis brevis and the flexor pollicis longus for flexion and the extensor pollicis brevis and the extensor pollicis longus for extension (Esch et al. 1974; Wheeless 2009).  An example of this type of movement can be found in the 1H ASL sign SHOOT (Figure 1.15).  In future sections of the paper, this type of movement will be referred as Category IVc movement.
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Figure 1.15. The 1H ASL sign SHOOT represents a Category IVc  movement.


d – Rubbing


In past literature, sign linguists have described a type of internal movement described as ‘rubbing’ where the thumb of the signing hand rubs other fingers on the articulator, typically those that are extended.  Although the movement is rapid, a combination of movements are employed in rubbing, including thumb adduction/abduction and metacarpophalangeal flexion/extension, as previously described.  An example of this type of movement is the 2HRM LSF sign TISSU ‘tissue’ (Figure 1.16).  In future sections of the paper, this type of movement will be referred as Category IVd movement.
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Figure 1.16. The 2HRM LSF sign le TISSU represents a typical Category IVd movement.

e – Touching

This type of movement is perhaps the most difficult to classify, and perhaps a potential source of debate, because it so closely resembles a HCx.  Here, I am defining touching as a movement type where an extended digit of the signing articulator touches another digit, usually the thumb.  There is a feeling that this type of movement is distinctly different from a HCx – a change from O to V, for example, feels different from a sign that goes from an open N to a baby O (Figure 1.17).  In this paper, I have chosen to categorize Category IVe signs as those that go from an open HC to a closed HC with the condition that the tips of the extended digits touch and do not close completely (so that the tips touch the palm).  HCx signs are signs that go from a closed HC to an open HC, or the few cases mentioned above where the fingers do not touch the tips of other digits, but rather pass the other digits to touch the palm.  It almost seems that within Category IVe movements there is the concept of an ‘anchor’ or a ‘goal’ where an extended digit, usually the thumb, serves as a resting place for other moving digits. 


Using the example in Figure 1.17, the sign begins with the initial Open N or 3 handshape.  The movement in the sign involves the selected fingers for movement, which are often the extended fingers, meeting the thumb which serves as a meeting point.  Many signs utilize Category IVe movement to go from a 5 handshape to an O handshape. 
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Figure 1.17. The 1H ASL sign NO is an example of Category IVe movement.


f – Index radial abduction


A handful of signs show a rare movement where the index finger engages in a movement likened to a Category IIIb movement – the index finger, like the thumb, moves side to side.  The volar interossei is mainly responsible for positioning the index finger toward the middle of the hand.  The dorsal interossei and the abductor digiti minimi work to position the index finger away from the middle of the hand (Esch et al. 1974; Wheeless 2009).  An example of a Category IIIb sign comes from the 1H LSF sign NOUS-DEUX ‘we two’ (Figure 1.18).

[image: image18.jpg]NOUS-DEUX (toi et moi)




Figure 1.18. The 1H LSF sign NOUS-DEUX represents a type of Category Vb movement.

s – Shake

Compared to the previous ‘shake’ movements seen at Joints II and III, shaking at the metacarpophalangeal joints produces a fluttering movement from rapid flexions/extensions.  An example of this is the 1H ASL sign BUTTERFLY (Figure 1.19).  
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Figure 1.19. The 1H ASL sign BUTTERFLY is an example of Category IVs movement.
1.4.5. V – Phalangeal Joints

There are actually two phalangeal joints for each digit (except the thumb): one connecting the proximal phalanges with the middle phalanges and one connecting the middle phalanges with the distal phalanges.  Yet, although there are two joints at which movement can occur, we find that there is in fact only one type of movement that occurs within the phalangeal joints.  This is evident if you have ever tried to move only your distal-most fingertip – it is extremely difficult for many people and is quite limited if possible (Gray et al. 1878).  The phalangeal joints more often undergo coordinated movement due to the organization of tendons and balance between components of the extensor apparatus (Holguin et al. 1999).


Digital Flexion/Extension

As mentioned previously, the phalanges undergo a coordinated movement, usually involving both the distal and proximal interphalangeal joints.  The movement created is what we commonly refer to as a curled handshape.  Although many of the muscles involved in phalangeal movement are also used in metacarpophalangeal movement, the primary muscles used are the lumbricales and the palmar interossei (Esch et al. 1974; Wheeless 2009).  An example of this can be found in the ASL sign GROUCHY.  In future sections of the paper, this type of movement will be referred as Category V movement.
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Figure 1.20. The 1H ASL sign GROUCHY represents a Category V movement.

1.4.6. VI – Oddball

In a few rare cases, internal movement signs do not fall cleanly into the categories listed above.  For example, some signs containing only internal movement trace the path of a cross in the formation of the sign, like in the 1H ASL signs CATHOLIC, ITALY (the old non-PC sign, which is in the corpus), and HOSPITAL.  In future sections of the paper, this type of movement will be referred as Category VI movement.

1.5. Chapter Summary
The level of phonetics at which innovation may arise in sign languages is largely uncharted territory, as few studies apply a cross-linguistic approach to the phonetic characteristics of sign languages.  Of the sign parameters, movement seems the most salient for a phonetic approach to sign language typology.  My previous study (Napoli et al. forthcoming) on primary movement revealed many characteristics that split sign languages along genetic or innovative lines, but the research team was also surprised to find an astonishing amount of conservation at the level of primary movement.  This analysis ignored internal movement; however, the data on internal movement in ASL, BSL, LIS, LSF, and Auslan were still there, waiting to be analyzed.  Internal-movement-only signs account for up to 17% of the signs of a language, not including signs where both primary movement and internal movement are present.  Thus, internal movement is an important contributor to the lexicon of a language.  However, previous studies have been hindered by imprecise terminology that barely captured the complexity of internal movement.  My digital storage and organization of signs allowed for rapid analysis along many different variables.  Using a kinesiological approach to the study of internal movement, I present the only study that I am aware of that analyzes the frequency of various types of internal movement cross-linguistically. 
The methods of this paper will be discussed in further detail in Chapter 2.  In Chapter 3, I present the results that emerged from applying this procedure to secondary movement.  In Chapter 4, I list the trends that emerge from the hand configuration change analysis.  In Chapter 5, I discuss the interpretation of my findings.

1.6. Abbreviations, Conventions, Definitions

Signs can be organized into several different types (Battison 1978).  Battison groups one-handed signs based on contact with the body: Type 0 signs are those that make no contact with a body part and Type X are those in which the dominant hand contacts some portion of the body.  In this thesis, I am choosing to follow the convention used in my study on primary movement, where we lumped these sign types into one group (Napoli et al. to appear; Napoli & Wu 2003).  Battison also categorizes two handed signs where the nondominant hand is immobile into two groups: Type 2 signs are those where both hands have the same handshape and Type 3 signs are those in which both hands have different handshapes.  Again, I will not make distinctions among these two sign types in my thesis.  Battison also recognized that two-handed signs in which both hands move usually involved reflexive symmetry across the midsaggital plane (Battison 1978; Napoli & Wu 2003).  I will maintain this distinction.  Throughout the text, figures, and charts, one handed signs will be abbreviated as 1H, two handed signs with an immobile base will be represented as 2HIB, and two handed signs reflexive across the midsaggital will be referred to as 2HRM.
In chapter 2, I will present a convention for systematically tagging movement in signs, which will be used for the remainder of the paper.  In chapters 3 and 4, I will bring attention to any statistically significant data by boxing the characteristic in question.  Finally, through the results section, I will bring attention to any new hypotheses or proposals by indenting the title of the new proposal followed by the descriptive text.
2. Experimental Design and Methods
2.1. General Scheme
As described in Napoli et al. (to appear), static representations of signs were collected by Xeroxing dictionaries of five different sign languages and analyzing individual signs.  The languages involved in this study and their dictionaries are listed below:

Table 2.1. Languages and dictionaries used.
	American Sign Language (ASL)
	The American Sign Language handshape dictionary (Tennant & Gluszak-Brown 2002)

	British Sign Language (BSL)
	Dictionary of British Sign Language/English 
(Brien 1992)

	Italian Sign Language/Lingua dei Segni Italiana (LIS)
	Dizionario bilingue elementare della lingua italiana dei segni
(Radutzky 2001)

	French Sign Language/ Langue des Signes Française (LSF)
	La langue des signes: dictionnaire bilingue LSF/Français, 2 volumes

(Moody, Vourc'h, Girod, & Dufour 1997)

	Australian Sign Language (Auslan)
	Dictionary of Auslan: English to Auslan

(Bernal & Wilson 2004)



The data used for this study were taken from unused data in our previous study on primary movement.  I selected only those data that did not contain any primary movement whatsoever – in the context of the anatomical classification model that I have devised, signs containing primary movement would be Category I and Category IIc movements.  Recall, that the percent to which signs lacking primary movement contributed to all the lexical entries in our dictionaries is shown in Figure 1.1.
By collecting the static representations of frozen signs, experimental confounds resulting from the application of phonological rules that occur during discourse were eliminated.  Each sign was then scanned into a computer and imported into the photo management software Picasa 3.  Picasa was chosen in particular because of its photo tagging capabilities – I was able to mark each sign with a number of tags (i.e. ASL, 1H, CatIIa, etc).  This approach allowed for numerous advantages over the method of Napoli et al (forthcoming), which consisted of physically sorting signs into envelopes.  In a way, digitally tagging the photos is similar to placing the signs into multiple envelopes with the exception that any sign could be a part of more than one “envelope.”  With a simple categorization system in place, figuring out the internal movement contribution in a specific language was simply a matter of inputting the tags of interest into a search box in Picasa 3, which then returned all signs meeting the entered description.  The data were then placed into an Excel table, allowing me to graph various relationships.  To ascertain the statistical significance of those relationships, I used the statistical analysis program JMP to run a Chi-square statistical analysis.  
In this paper, I use a kinesiological model to categorize secondary movement and HC change as two separate phenomena under the heading of internal movement.  Secondary movement is defined as movement of the articulator at the elbow, wrist, metacarpophalangeal, and phalangeal joints, where neither the general handshape nor absolute location in the signing space are changed (although orientation often changes).  HC change involves the conversion of one handshape into another.  Perlmutter also notes another distinction between HCx and secondary movement based on their distribution in well-formed signs – in a phonological sequence HC change can appear directly before or after movements without any holds, while secondary movement cannot appear in these positions without holds (1992).  Here HCx signs are signs that involve a change starting with an initially closed HC to an open HC.  In this scenario, the final handshape cannot be predicted.  There are a few limited cases where HCx will also be used to encompass signs that go from open to closed, such that there is no fingertip touching involved, which is found in many signs.  Rather, the moving fingertips pass the other digits (usually the thumb) to touch the palm.  For example, signs will often start with a 5 hand configuration and end in an O hand configuration in a somewhat predictable way.    The final handshape of an open to closed transition cannot be predicted only when the selected fingers for movement do not make contact with the thumb, but instead meet the palm.  The rationale for this distinction is that often when a sign goes from an open handshape to a closed handshape, the result is predictable because the extended fingertips usually meet the thumb to form a closed handshape.  In fact, the particular feature of the thumb being able to meet the other fingertips is a very human characteristic and separates human hand kinesiology from other primates.  As I will discuss in more detail later, the opposable thumb, which Uyechi (1996) classifies as a distinct phonological construct from the other fingers, seems to occupy a different role from the rest of the digits, where it functions as a “goal” for the other digits.

2.2. Anatomical Coding System for Sign Movement

The freedom with which signs can be produced rests upon the physiological limitations of the articulator.  To account for the movement in a sign, one must consider the joints involved and the type of muscle movement taking place.  Few studies exist on the physiological characterization of signs, and of those that are closest in nature to this thesis, a study on the Sign Language of the Netherlands focuses mostly on finger extensions and flexions only and a study on Taiwanese Sign focuses on the frequency of handshapes and not movements (Ann 2006; Crasborn & Kooij 2003).  Incorporating knowledge of how the hand works into the study of movement is not only imperative, but will also simplify the characterization of phonetic elements.  Moving proximally to distally from the body (closer to further), movement may occur at the shoulder joint (Figure 1.2I), the elbow joint (Figure 1.2II), the wrist (Figure 1.2III), the metacarpophalangeal joints (Figure 1.2IV), and the phalangeal joints (Figure 1.2V).  Each joint has well-defined ranges of movement that correlate with the pairs of muscle movement that can occur at that joint, such as pronation and supination, flexion and extension, and deviation (Table 1.1).  Movement in a sign may involve movement at various joints – the following classification method attempts to accurately account for this combinatorial feature.  This classification scheme will serve as the backbone for the main points in this thesis, as the labels are used to tag different signs in Picasa.
Category:

I – Shoulder Joint

II – Elbow Joint


a – Pronation/Supination


b – Intermediate Pronation/Supination


c – Flexion/Extension


s – Shaking

III – Wrist Joint

a – Radial/Ulnar Deviation


b – Flexion/Extension

c – Rotation

s – Shaking 


IV – Metacarpophalangeal Joint


a – Flexion/Extension



1 –Flexion/Extension



2 – Asymmetrical Flexion/Extension



3 – Singular Flexion/Extension


b – Palmar Abduction


c – Radial Abduction


d – Rubbing


e – Touching


f – Indexical Radial/Ulnar Deviation


s – Shaking

V – Phalangeal Joint


Digital Flexion/Extension

VI – Oddball

HCx – Hand Configuration Change


Movements will be listed as “Category XYZ,” where X refers to the roman numeral associated with the isolated joint, Y refers to the lowercase letter associated with the isolated movement, and Z refers to the number representing the submovement.  Thus, the label might be re-read as “Category (joint)(general movement)(behavior).”  If a sign involves more than one category of internal movement, the first and second categories will be separated by a forward slash.  Although primary movement is not discussed in this thesis, this coding scheme can still account for primary movement.  A primary movement plus a secondary movement, as in the ASL sign RAIN, would be coded as CatIIc(D)/CatIVa2.  Here, the primary movement is presented first, and in parentheses following the code the first letter of the movement direction is given.  Then a forward slash separates the primary movement from the internal movement.  Recall that this classification system is a means to quantify movement data and is in no way designed to be a method of transcription.
2.3. Sorting Data
All of the signs were digitally scanned and saved into Google’s Picasa 3.  Using this software made data analysis exponentially easier and more accurate.  

The first advantage comes in the form of convenience.  Storing the signs digitally allowed for access to the data from anywhere there was a computer present.  In addition, Picasa 3 is provided as a free application from Google.  As such, Google has provided online web storage of photos that can be synced with Picasa 3, as well as access to the same functionality of the desktop version.  This means that the data could be accessed and formally analyzed from any computer with internet access.

The second advantage is a proprietary advantage of the Picasa 3 software with the ability to tag photos with multiple separate tags – this aspect is conceptually similar to organizing the signs into different envelopes based on category.  For any given sign, I could add tags that each reflected that sign’s hand configuration, type of internal movement, moving joints, and type of sign.  A quick specified search in Picasa 3 automatically yields the desired quantitative criteria matching the search term.  For example, I could type in “ASL AND 1H AND HCx AND S” to identify how many ASL one-handed signs involved a hand configuration change with the S hand configuration involved, as well as which signs those were.  Using this “tagging” system of categorization, I could easily ask new questions without having to reorganize the datasets.

2.4. Statistical Analysis

Using the output from my search queries, I analyzed the data with a chi-square statistical analysis in the statistical software package JMP 7.  The chi-square statistical test allowed me to compare counts based on two categorical variables, one of which is independent (the languages) and one of which was dependent (the movement type).  JMP 7 computed the chi-square statistic along with the p-value, which gives the probability that the standard deviation from the expected value is solely due to chance.  The chi-square statistic is a measure of the reliability of the data.  Thus, throughout the data analysis section, I will provide the chi-square value, χ2, and the p-value.  After computing the significance of the data in JMP, I created the associated graphs in Microsoft Excel.  In the Excel figures, significance levels will be marked with asterisks as per the standard notation.  Significance where p < 0.05 will be labeled with one asterisk, high significance (p < 0.005) with two asterisks, and extremely high significance with three asterisks (p < 0.0001).  For further discussion on the use of the Chi-square analysis, refer to Napoli, et al. (forthcoming).
2.5. Orientation subsumed into movement

Orientation is often described as a parameter of signs.  In the course of this paper, the parameter of orientation is only indirectly considered with respect to movements that shift the orientation of a sign.  Thus, while some signs may alter orientation over the course of a sign, the internal movement driving that change in orientation is thought to be the more important factor in this discussion.
3. Secondary Movement
3.1. Signs containing no primary movement
Table 3.1. The number of internal movement-only signs for each type of sign compared to all the signs in the corpora for each language.

	
	1H
	2HIB
	2HRM
	Total
	All Signs

	ASL
	155
	37
	70
	262
	1498

	BSL
	142
	43
	69
	254
	1744

	LIS
	74
	27
	34
	135
	1104

	LSF
	104
	40
	79
	223
	1682

	Auslan
	201
	53
	103
	357
	2220



In Figure 1.1, I showed the extent to which signs lacking primary movement contribute to the dictionary used for each language.  Within this data set, I sorted signs based on whether they were of the 1H, 2HIB, or 2HRM variety.  These categories were then portrayed as a percentage of all the internal movement signs for a given language (Figure 3.1).  In general, we find that the percent composition of each of the sign types for the languages is pretty similar, although it does appear that LSF makes greater use of 2HRM signs than the others despite the lack of statistical significance (p > 0.05).
	IM: ASL has a greater proportion of IM signs than other languages (*p < 0.05)

	IM: Auslan has a greater proportion of IM signs than other languages (***p < 0.0001)
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Figure 3.1. Signs languages have a similar composition of no primary movement signs sorted by sign type (χ2=11.2; p > 0.05).
3.2. Secondary Movement
3.2.1. 1H Signs


Before addressing 2HIB and 2HRM signs, we will first take a look at 1H signs and see if we can see any generalities.  I sorted 1H signs based on the joints at which they occurred, the hand configurations involved (see Section 4.2), oddball signs, and HCx signs.  Although later on in the section I will discuss in further detail the usage of specific joints by each language and the distribution of movement found there, Figure 3.2 gives us a bird’s eye view of where we are headed.  On the whole, we see the trend of languages favoring the proximal joints II and III more highly than the distal joints, joints IV and V, which are used to generate the fine, complex, and coordinated movements of the fingers.  It should be noted that HCx signs contribute a solid proportion of the signs and that by definition HCx signs can involve CatIII, CatIV, and CatV movements, but will not be cross-listed as such.  Thus, it may be possible that by separating out HCx, we are seeing a steeper slope of preference of proximal over distal, whereas in reality the relative preference for more proximal joints is less exaggerated.
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Figure 3.2. Sign languages follow a general trend of which joints are involved in the formation of internal movement.  Proximal movements are generally favored over the more distal ones.
Joint II

When we look at all the type of signs that can be formed at Joint II and produce internal movement (Figure 3.3), we find that LIS separates from the others with high statistical significance (**p < 0.005).  Removing LIS from the Chi-square analysis yields a p-value of 0.09, which approaches statistical significance, but exceeds our cutoff for a statistically relevant value.  The likelihood that LIS has more CatII movements due to chance alone is low.  In fact, removing BSL from the analysis gives a p-value of 0.43, suggesting that an actual difference may indeed exist between BSL and the other languages, although statistically unsupported.  A larger sample size for future studies will be needed to confirm this proposal.
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Figure 3.3. Sign languages differ with regard to the extent to which they employ CatII movements. (χ2=16.9; ** p < 0.005)
	1H CatII: LIS has a greater proportion of 1H CatII signs than others (**p < 0.005)



Internal movements occurring at Joint II ultimately all involve the muscles driving pronation and supination movements; the types of CatII movement differ based on the degree to which the hand tilts during movement.  Thus, in terms of degrees, CatIIa > CatIIb > CatIIs.  Looking at the CatII movement splits within each language (Figure 3.4), the first thing to notice is that BSL lacks shaking movements.  With BSL included in the chi-square multi-way analysis, the data are statistically significant when we compare CatII percentages between languages, including the different types of submovements (*p < 0.05).  The lack of CatIIs movement in BSL inevitably skews the expected values for the Chi-square test, so removing BSL from the analysis yields results that suggest languages do not differ greatly from one another (p = 0.29).  Isolating individual CatII movements did not reveal any other differences of statistical significance.
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Figure 3.4.  Variation exists in the amount to which each language utilizes the pronation/ supination movement. BSL does not contain any CatIIs movements and thus skews the data.  (χ2=16.8; p < 0.05)

	
	II

	
	IIa
	IIb
	IIs

	
	
	
	

	ASL
	59.5%
	24.3%
	16.2%

	BSL
	52.8%
	47.2%
	0.0%

	LIS
	41.7%
	44.4%
	13.9%

	LSF
	63.3%
	23.3%
	13.3%

	Auslan
	41.7%
	41.7%
	16.7%


	1H CatIIs: BSL contains no 1H CatIIs signs (*p < 0.05).


Joint III


Moving to a more distal joint, the wrist, we find that ASL and LIS to be significantly different from the other languages with respect to CatIII movements (Figure 3.5).  ASL and LIS share nearly the same percentage of CatIII signs, which is striking because they share a common parent language (LSF) and are both innovative languages.  No significant difference is found when we compare BSL, LSF, and Auslan with statistics. In fact, when we look at ASL and LIS in isolation and run a Chi-square analysis for a direct comparison, we find that the two do not appear to be statistically different, although the Chi-square statistic is quite low, suggesting that this similarity needs to be supported with a larger data set (χ2=0.16; p = 0.69).
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Figure 3.5. ASL and LIS highly significantly differ from Auslan, BSL, and, LSF for signs only occurring at the wrist. (χ2=39.2; ***p < 0.0001)
	1H CatIII: ASL has a greater proportion of 1H CatIII signs (***p < 0.0001).

	1H CatIII: LIS has a greater proportion of 1H CatIII signs (***p < 0.0001).



The breakdown of joint III movement into the specific types of CatIII movement reveals some interesting distinctions.  First only ASL and LIS contain CatIIIc movements, which are rotational movements – again a distinction possibly explained by genetics (although then one would expect LSF to have CatIIIc movement).  ASL and LIS are highly significantly different from the others (χ2=16.3, **p < 0.005), as expected, and are not statistically different from each other (χ2=0.3, p > 0.05).   In addition to CatIIs movements, BSL once again appears to lack CatIIIs shaking movements (Figure 3.6).  Running a Chi-square statistical analysis on all of the CatIII movement types suggests that the data are highly statistically different, which is expected because of the unique cases listed above (χ2=28.7; **p < 0.005).   The languages do not statistically differ with respect to CatIIIa and CatIIIb movements.  An odd result occurs when we analyze CatIIIs movements.  Using the typical Pearson probability value comparing all of the languages on CatIIIs movement, even though BSL lacks signs of this category, yields a p-value of 0.18, much greater than we would expect.  However, the Likelihood Ratio, an alternative statistical that evaluates the same null hypothesis (and usually produces a p-value near identical to the Pearson p-value), gives us a p-value below 0.05 (Pearson: χ2=6.3, p = 0.18; Likelihood ratio: χ2=9.8, *p = 0.045), our cutoff.  Removing BSL from the data matches up the p-values again at nearly 0.8, suggesting that the difference we see may be real.   
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Figure 3.6. ASL and LIS both contain CatIIIc movements and BSL lacks CatIIIs movements in addition to CatIIIc movements. (χ2=28.7; **p < 0.005)
	
	III

	
	IIIa
	IIIb
	IIIc
	IIIs

	
	
	
	
	

	ASL
	21.7%
	50.7%
	13.0%
	14.5%

	BSL
	42.1%
	57.9%
	0.0%
	0.0%

	LIS
	42.9%
	31.4%
	17.1%
	8.6%

	LSF
	31.8%
	54.5%
	0.0%
	13.6%

	Auslan
	36.6%
	53.7%
	0.0%
	9.8%


	1H CatIIIc: ASL has a greater proportion of CatIIIc signs (**p < 0.005).

	1H CatIIIc: LIS has a greater proportion of CatIIIc signs (**p < 0.005).

	1H CatIIIs: BSL contains no CatIIIs signs (*p < 0.05).


Joint IV


Moving distally once more, we find that at the metacarpophalangeal joints languages use CatIV movements more similarly (Figure 3.7).  However, the Chi-square test reveals that the languages are indeed different, a condition that is ameliorated by leaving ASL out of the analysis.  This finding suggests that ASL probably uses CatIV movements as part of its repertoire much less than the other languages.  In fact, Auslan uses CatIV movements twice as much as ASL does.  
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Figure 3.7.  ASL uses CatIV movements significantly less than the other languages (χ2=12.0; *p < 0.05).
	1H CatIV: ASL has a smaller proportion of CatIV movements (*p < 0.05).



Within Joint IV, we have many possibly movement types, which may account for the diversity we see among languages (Figure 3.8). Looking at the breakdown of CatIV movement types, we find some things that immediately jump out of the data: only Auslan and BSL contain CatIVb movement types; Auslan and LSF lack CatIVc signs; BSL lacks CatIVd signs; ASL and LIS lack CatIVf signs; and only LIS lacks CatIVs signs.  Because of the small sample sizes, chi-square statistical analysis was not possible on the languages and their complete breakdowns.  Of the tests that were possible, a difference was found with respect to how languages use CatIVe movement (χ2=11.9, *p < 0.05).  Here we have two differences: Auslan uses CatIVe movements more and LIS uses CatIVe movements less than the other languages – removing these two languages separately from the analysis causes a loss of statistical significance.    

The CatIVf movement is generally an odd movement to make – in fact if we consider the CatIVf movement some more, we would rarely expect to see it at all, if it exists.  That is because in order for CatIVf movement to occur, the hand configuration must accommodate it – only the 1, D, L can really be considered possibilities.  While the 5, W, and V handshapes could possibly take on CatIVf movement, the presence of the other extended fingers would probably prevent the movement from being perceived readily.  Thus, because of the few possible HCs that could take on CatIVf movement, we would expect that in any given plane of orientation, there could only be three possible signs.  One could suggest that CatIVf movements could be re-combined with other movements to produce more possibilities.  But, try combining that movement with any other type of movement and the CatIVf movement gets lost – any movements at joints II or III would negate an attempt at a CatIVf movement.  Also, physiologically speaking, the CatIVf is just somewhat unnatural and difficult to do.  


Thus, even though we are only beginning to discuss the data and the implications that they might have for sign languages, I will propose the Distal Joint Limitation, which primarily will address the limitations of CatIVf movement and CatV movement.

Distal Joint Limitation: movements produced at sequentially more distal joints become less recombinable with other movements.
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Figure 3.8. The variety of movements that can occur at the metacarpophalangeal joints appears to be a source of diversity among the different languages.

	
	IV

	
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs

	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	

	ASL
	13.6%
	18.2%
	22.7%
	0.0%
	4.5%
	4.5%
	31.8%
	0.0%
	4.5%

	BSL
	14.3%
	20.0%
	25.7%
	2.9%
	2.9%
	0.0%
	25.7%
	5.7%
	2.9%

	LIS
	18.8%
	12.5%
	37.5%
	0.0%
	6.3%
	18.8%
	6.3%
	0.0%
	0.0%

	LSF
	20.7%
	10.3%
	34.5%
	0.0%
	0.0%
	10.3%
	13.8%
	3.4%
	6.9%

	Auslan
	8.6%
	19.0%
	17.2%
	3.4%
	0.0%
	6.9%
	41.4%
	1.7%
	1.7%


	1H CatIVe: Auslan has a greater proportion of CatIVe signs (*p < 0.05).

	1H CatIVe: LIS has a smaller proportion of CatIVe signs (*p < 0.05).


Joint V


When we reach the distal-most joints, the phalangeal, we find very low movement usage among languages.  Languages use CatV signs an average of 2.6%.  This might be expected as the phalangeal joints are involved in the fine motor movements of the hand.  Being more difficult to produce might discourage use of the phalangeal joints within the lexicon.  While ASL and LSF use CatV movements more than the other languages, the difference is not statistically significant (Figure 3.9).  Overall, the numbers are quite low, which could be interpreted as a limitation of our data source, but considering that we used 5 different dictionaries and all showed this same trend, I believe that the low percentages we see in Figure 3.9 are representative of the languages.  Because the chi-square analysis requires that the 20% of the expected values be equal to or greater than 5, statistical tests comparing different joint V movements are lacking.  Future studies will have to incorporate data from a larger source than used here in order to claim that these proportions are in fact linguistically relevant.  
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Figure 3.9. Languages use CatV to a very low extent; the highest CatV movement use is by ASL – 4.5%. (χ2=4.3; p > 0.05)

Oddball signs

Even rarer than phalangeal flexions and extensions are the CatVI signs: oddball signs (Figure 3.10).  Each language contains a handful of signs that do not fit neatly into the anatomical coding system used through the paper.  Instead, in nearly all the signs two distinct movements are involved, CatIIb and CatIIIb, creating a ‘traced path’.  Taking into account all of the languages surveyed here, 12 out of the 13 CatVI signs all traced the path of a cross.  


Again, as with CatV signs, Chi-square statistically analyses depend on 20% of the expected values being greater than 5, a requirement which is not met in this data set.  Yet, more interesting than the cross-linguistic differences are the cross-linguistic similarities.  It comes as quite a surprise that there is not a greater number of signs that form traced paths and of those that do exist, it is quite odd that nearly all of them form a cross.  One could only speculate as to why or how this should happen.  Perhaps it is physiologically easy to form a cross over other shapes.  Or perhaps the formation of a cross would be more perceptually salient in discourse than other shapes.  It seems as if the similarity might also be brought about on semantic terms.  In each language, the shape of the cross appears to be an iconic path reflecting religion, a nation’s flag, or health.  With these symbols obtaining meaning outside of the development of a sign language, their sign counterparts can then probably be designated as iconic signs.
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Figure 3.10. Oddball signs are rarely used and occur an average of 2.1% of the time in the languages studied.

1H Summary


To summarize what we saw above in terms of how languages compare to one another in percent composition of signs from designated joints, I generated Figure 3.11 where each series of the circle represents the lexicon of a different language and that series is broken down based on the proportion of signs formed at each joint.  Figure 3.11, is a doughnut graph that allows for immediate proportional comparison among languages.  This figure allows us to reflect on what we’ve have seen altogether and begin to think of the differences that might distinguish languages from each other from 1H to 2HIB to 2HRM signs.  The figure displays the difference in CatIII movements exhibited by ASL and LIS and other overall characteristics joint usage.
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Figure 3.11. Sign languages show differences in composition of the proportion of signs made at the different joints.
3.2.2. 2HIB Signs


While the overall numbers of internal movement-only signs that are two-handed with an immobile base are lower on the whole than one-handed signs, the trend in joint usage remains similar overall (Figure 3.12).  There do not appear to be any correlations within languages between 1H and 2HIB signs on movement joint and usage frequency (Figure 3.2, Figure 3.12).  That is to say, although the general curve shape is similar between 1H and 2HIB usage frequencies, languages do not appear to retain the same preferences for certain joints across sign types and thus the occurrence of dips and peaks in the trend lines are not maintained across sign type.  We will continue to make this comparison in the next section when we look at 2HRM signs and see whether or not languages as a whole are well represented by the characteristics of 1H, 2HIB, or 2HRM signs.
[image: image32.emf]Trends of Internal Movement Contribution in 2HIB Signs

0

5

10

15

20

25

30

II III IV V VI HCx

Number of signs

ASL

BSL

LIS

LSF

Auslan


Figure 3.12.  Languages favor the more proximal joints for formation of internal movements over more distal joints for 2HIB signs, just as they had with 1H signs.  Notice, however, that the number counts here are much lower than those encountered for 1H signs.
Joint II

At first glance, there appears to be great variety among languages in terms of the extent to which they use joint II (Figure 3.13).  BSL and ASL look to be heavy users with LSF to a lesser extent, and Auslan and LIS on the lower end.  A Chi-square analysis, however, reveals that this is not the case.  There is an 11% chance that standard deviation is due to chance, which does not meet our 5% cutoff for statistical significance.  As with the previous cases where we have seen large differences that fail to yield statistically significant results, future studies will need to rely on larger datasets in order to reach any solid conclusions.
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Figure 3.13. While the differences between joint II usage in languages appear staggering, they are not significant. (χ2=7.4; p > 0.05)


Although the data points at this joint are too few for Chi-square statistical analysis, we can still make qualitative assessments about CatII signs and the different types of submovements.  As noted before (Figure 3.4), BSL seemed to disfavor the shaking movement at joint II; if these data are representative of the language as a whole, then BSL appears to repeat this trend in 2HIB signs (Figure 3.14).  In fact, closer analysis between 1H CatII (Figure 3.4) and 2HIB CatII signs shows that BSL, ASL, and LSF look nearly identical from one sign type to another.  Auslan seems to have a higher proportion of 2HIB CatIIa signs, than it does for 1H signs. So while the overall amount to which a language uses a specific joint may vary, how a language uses that joint and its movements seems like it may be conserved among the different sign types.
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Figure 3.14. CatIIa movements are generally more common than CatIIb movements, which are generally more common than CatIIs movements.
	
	II

	
	IIa
	IIb
	IIs

	
	
	
	

	ASL
	58.8%
	29.4%
	11.8%

	BSL
	47.6%
	52.4%
	0.0%

	LIS
	16.7%
	50.0%
	33.3%

	LSF
	66.7%
	26.7%
	6.7%

	Auslan
	75.0%
	12.5%
	12.5%


	2HIB CatIIs: BSL contains no CatIIs movements.


Joint III


From the data, we see that on average joint II movements are used about the same proportion of the time as joint III movements (Figure 3.13, Figure 3.15).  Auslan and LIS have higher percentages of joint III signs than LSF, BSL, and ASL; yet a Chi-square test shows that the data are not quite significant enough to be considered different.  Rather, the difference between the languages approaches statistical significance with a Chi-statistic of 8.7 and a p-value of 0.068.  Sure enough, when one runs the same analysis excluding LIS, the probability that the null hypothesis is true increases dramatically (χ2=4.3; p = 0.23).  Going one step further and removing the other outlier, Auslan, from the mix, renders the Chi-square analysis unable to make predictions about the nature of the differences between the languages – the differences are so minute that the Chi-square analysis yields a χ2 of 0 and a p-value of 0.99, signifying that there’s a 99% chance the languages are identical.  This of course cannot be true; further analyses will require many more signs for each language.
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Figure 3.15. The data on joint III movements show promising results, however Chi-square analyses suggest that the data cannot be said to be significantly different between languages without larger sample sizes. (χ2=8.7; p = 0.068)

With further analysis of CatIII signs, we need to first take into account that any speculative trends because of the low sample sizes (Figure 3.16).  Statistical tests, as usual, will accompany statements, wherever possible.  In a similar situation to the 1H signs (Figure 3.6), ASL appears to have a smaller proportion of CatIIIa signs than the rest of the languages.  As a result, it looks as if CatIIIb movements comprise a larger proportion of joint III signs for ASL than any of the other languages.  Just as it had in 1H signs, Auslan has no trace of CatIIIc signs, although the movement type appears in LSF and BSL, where they had not been present before. Finally, ASL, BSL, and LIS do not contain any CatIIIs signs.  The decrease in overall usage of 2HIB IM signs suggest that the presence of the base that somehow limits the types of movement that can occur there or limits the saliency of certain movements.  If this is the case, then we should see this general trend at the other joints where complex movements are articulated.
[image: image36.emf]Contribution of movement types in 2HIB Joint III signs

0% 20% 40% 60% 80% 100%

ASL

BSL

LIS

LSF

Auslan

IIIa

IIIb

IIIc

IIIs


Figure 3.16.  Languages vary enormously as to how they utilize CatIII signs.
	
	III

	
	IIIa
	IIIb
	IIIc
	IIIs

	
	
	
	
	

	ASL
	8.3%
	75.0%
	16.7%
	0.0%

	BSL
	57.1%
	21.4%
	21.4%
	0.0%

	LIS
	31.3%
	62.5%
	6.3%
	0.0%

	LSF
	46.2%
	38.5%
	7.7%
	7.7%

	Auslan
	46.2%
	50.0%
	0.0%
	3.8%


	2HIB CatIIIc: Auslan contains no CatIIIc movements.


Joint IV


Signs at the metacarpophalangeal joints are substantially less likely in 2HIB signs than CatIII signs – with as much as an 8-fold difference in the case of LIS (Figure 3.17).  With the highest number of CatIV signs in any language being only 7 (LSF), the best generalization that can be made here is that these signs are less often used, supporting the claim that proximal joints are preferred.  Because the number of signs are so low for movement at this joint, the breakdown for CatIV submovements will not be analyzed separately.  Instead, these data will be factored in later when we consider each language as a whole with 1H, 2HIB, and 2HRM signs combined.
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Figure 3.17. CatIV signs occur much less frequently than CatIII signs for 2HIB signs. 


Even rarer than CatIV signs are CatV signs – the most in any language is 3 signs (Figure 3.18).  If these proportions are representative of the languages, then it would support the idea that the immobile base selects for more noticeable movements, leading to my proposal, the Immobile Base Movement Limitation.

Immobile Base Movement Limitation: the involvement of the nondominant hand limits the type of movement that can occur in a sign.  Distal movement involving the metacarphophalangeal and phalangeal joints are less preferred.  

2HIB signs involving movement at joint V (unless involved in a HCx) can only contain CatV movements.  That is to say, signs will not contain CatV movements with a co-occurrence with CatII, CatIII, or CatIV movements.  Future analysis of primary movement signs with IM may show that this is a general principle.  
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Figure 3.18.  CatV signs are rarely used in the repertoire of 2HIB signs.

Only Auslan and ASL lack 2HIB CatVI signs that cannot be categorized (Figure 3.19).  Again, signs involving crosses dominate as we saw before.  Further analysis will require a larger data set to determine whether CatVI proportions are accurately represented here and furthermore to determine whether or not differences exist between languages.
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Figure 3.19. Traced paths movements are not well represented in the 2HIB dataset – sign counts max out at 5 with two of the languages containing 0 CatVI signs.

	2HIB CatVI: ASL contains no CatVI movements.

	2HIB CatVI: Auslan contains no CatVI movements.


2HIB Summary


Looking once again at how each joint contributes to all of a language’s 2HIB signs, we can see how the differences we found above factor into all IM signs.  It is interesting to note however, that despite a smaller sample size in comparison with 1H signs, the distribution of 2HIB signs almost retains the same trends of preferences with II & III > IV > HCx > CatVI > CatV.  The Immobile Base Movement Limitation may prove to be a good starting point for future researchers of internal movement.
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Figure 3.20.  Languages differ in terms of the extent to which they employ the various joints in the formation of 2HIB internal movement-only signs.
​​
3.2.3. 2HRM Signs


The trend that we observed previously in 1H and 2HIB signs – that proximal movements are favored over the more specialized distal movements – holds true once again for 2HRM signs (Figure 3.21).  In fact, although the overall number counts for 2HRM signs are far fewer than 1H signs, the curves for signs counts across different joints shows some striking resemblance to the analogous figure for 1H signs (Figure 3.2).  ASL peaks at CatIII signs for both 1H and 2HRM signs and Auslan shows the same contours for 1H and 2HRM signs.  BSL, LIS, and LSF are not very comparable across sign types.

The consistency of the pattern we see in 1H, 2HIB, and 2HRM signs serves as the support for a proposal I will term the Proximal Movement Preference.
Proximal Movement Preference: Sign languages favor proximal movements over distal movements. 

Kinesiologically, proximal movements are easier to articulate, as larger muscle groups are allocated to the more proximal portions of the limb, allowing more motor units to distribute the load of lifting the upper arm. 
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Figure 3.21. The Proximal Movement Preference is maintained for 2HRM signs, which show a similar distribution to 1H signs.

Qualitatively, we can say that ASL and BSL have a greater proportion of CatII signs than other languages; however statistically, their values are not significant (χ2=3.0; p = 0.55).  In fact, it is a toss-up as to whether ASL and BSL are different from LIS, LSF, and Auslan – there’s about a 50/50 chance that the data are different.  Because of this, we are hard-pressed to say whether or not a difference really exists – we need a larger data set that more accurately reflects the language.  The null hypothesis is assumed to hold true in this instance.   
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Figure 3.22. BSL and ASL appear to have a greater percentage of signs occurring at joint II, but this difference is not statistically significant.

When we breakdown the joint II signs into the respective CatII movements, we don’t find too much variation for any movement (Figure 3.23).  Beginning with an analysis of CatIIa movements, we find that although languages do appear to differ (and there might be some clustering between ASL and LIS and some clustering between BSL and Auslan), the data are not statistically significant (χ2=5.0; p > 0.05).  CatIIb usage across languages seems even more homogenous – the chi-square statistic is 1.3 and the p-value is 0.87.  Very little difference there.  When looking at CatIIs movement, we begin to find familiar differences.  ASL and LIS appear to be outliers with respect to CatIIs movement (χ2=9.6, *p < 0.05).  The significance of the data suggest that ASL and LIS cluster together, which is a relationship we have seen previously.
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Figure 3.23. Languages differ very little with respect to how they use the different CatII movements as a whole (χ2=11.3, p > 0.05).  ASL and LIS cluster with statistical significance on CatIIs movements.
	
	II

	
	IIa
	IIb
	IIs

	
	
	
	

	ASL
	47.8%
	21.7%
	30.4%

	BSL
	60.0%
	32.0%
	8.0%

	LIS
	37.5%
	37.5%
	25.0%

	LSF
	71.4%
	23.8%
	4.8%

	Auslan
	67.9%
	25.0%
	7.1%


	2HRM CatIIs: ASL contains a greater proportion of CatIIIs signs (*p < 0.05).

	2HRM CatIIs: LIS contains a greater proportion of CatIIIs signs (*p < 0.05).


Joint III

The percentages for 2HRM CatIII signs (Figure 3.24) do not resemble the analogous charts for 1H and 2HIB CatIII signs.  While the charts on the whole may not match up, one trend pops out across 1H, 2HIB, and 2HRM – LIS has a greater percentage of CatIII signs than the other languages.  This time, statistics is on our side (χ2=11.4; *p < 0.05).  Removing LIS from the Chi-square analysis removes the statistical significance from the data set, suggesting that the difference we see is real.  This finding supports the notion the difference we saw in 2HIB signs is based on some actual difference, despite the statistics.  Based on the data from Figures 3.6, 3.16, and 3.25, I will propose that LIS m characterized by heavy usage of IM signs that involve the wrist.  Later in the discussion, I will return to what this fact could possibly mean and how it relates to aspects of the language beyond issues of IM. 
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Figure 3.24. Languages are significantly different for 2HRM CatIII signs – LIS is the outlier. (χ2=11.4; *p < 0.05)

	2HRM CatIII: LIS contains a greater proportion of signs (*p < 0.05).



Unfortunately, not enough data exists for each CatIII movement type, which severely limits what we can say in terms of how languages differ specifically at joint III (Figure 3.25).  Again, we can only make qualitative analyses and because the data are limited, I will restrict the discussion as to which types of movements languages lack.  Again, Auslan lacks signs invoking rotation of the wrist (CatIIIc), something we have seen across all three sign types.  ASL and BSL lack CatIIIs movements – something we haven’t seen yet, but BSL does have a tendency to avoid signs that involve shaking or rapid repetitive movements.
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Figure 3.25. Few solid claims can be made with regard to the CatIII movement types.  Auslan appears to lack CatIIIc movements.  ASL and BSL lack CatIIIs movements.
	
	III

	
	IIIa
	IIIb
	IIIc
	IIIs

	
	
	
	
	

	ASL
	24.0%
	68.0%
	8.0%
	0.0%

	BSL
	48.0%
	40.0%
	12.0%
	0.0%

	LIS
	41.2%
	47.1%
	5.9%
	5.9%

	LSF
	23.1%
	57.7%
	3.8%
	15.4%

	Auslan
	13.6%
	68.2%
	0.0%
	18.2%



For 2HRM CatIV signs, the languages appear relatively homogenous, like we’ve seen for 1H and 2HIB CatIV signs (Figure 3.26).   Looking at the breakdown (Figure 3.27), however, we find that the graph looks more like 1H signs than 2HIB – a piece of evidence that suggests that the immobile base does in fact limit the saliency of certain movements.  CatIVb, c, d, f, and s movements make a return from their absence in 1H signs.  
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Figure 3.26. Languages do not differ significantly for 2HRM CatIV signs. (χ2=1.8; p = 0.77)
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Figure 3.27. The variety of CatIV movements that can occur with 2HRM signs increases compared to 2HIB signs.

	
	IV

	
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs

	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	

	ASL
	14.3%
	21.4%
	35.7%
	0.0%
	0.0%
	7.1%
	7.1%
	0.0%
	14.3%

	BSL
	14.3%
	21.4%
	7.1%
	0.0%
	0.0%
	7.1%
	50.0%
	0.0%
	0.0%

	LIS
	42.9%
	0.0%
	0.0%
	0.0%
	0.0%
	28.6%
	28.6%
	0.0%
	0.0%

	LSF
	8.7%
	13.0%
	21.7%
	4.3%
	4.3%
	13.0%
	26.1%
	4.3%
	4.3%

	Auslan
	21.7%
	21.7%
	8.7%
	4.3%
	4.3%
	4.3%
	30.4%
	0.0%
	4.3%



Movements at joint V are seemingly more prevalent in 2HRM signs than they are in 1H or 2HIB signs with CatV signs comprising around 13% of LSF 2HRM signs – but this is probably due to a smaller data set (Figure 3.28).  The first thing to recognize is that BSL does not use CatV signs at all.  Removing BSL from the Chi-square analysis, reveals that the languages are not statistically different (χ2=4.8; p = 0.18) when it comes to movements at the phalangeal joints.  Because of the low number of CatV signs, a breakdown of these signs will not be provided.  
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Figure 3.28.  The use of 2HRM CatV movements is once again limited – BSL lacks these movements completely. 


Finally, as with the 1H and 2HIB signs, traced path signs are rare – perhaps because they involve more than one distinct movement contained within one sign.  ASL and BSL lack signs of this type (Figure 3.29).
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Figure 3.29. ASL and BSL completely lack 2HRM CatVI signs.

2HRM Summary


The donut chart in Figure 3.30 shares some commonalities with the donut charts for 1H and 2HIB signs (Figure 3.11, Figure 3.20).  The Joint II portion of the 2HRM donut chart resembles 2HIB signs.  The Joint III and IV portions resemble 1H distributions.  CatV and CatVI 2HRM distributions bear little resemblance to 1H or 2HIB signs.  Finally, the HCx portion of the chart shows some resemblance to 2HIB signs.  Thus, one goal for this section is to provide the data so that we can discuss patterns are recapitulated in 2HRM signs with statistical significance later on in Chapter 6.  If that is case, we can create IM profiles for each language based on overarching patterns and not solely disparate observations.
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Figure 3.30. The donut chart for 2HRM signs shares some similarities with the donut charts for 1H and 2HIB signs.
3.2.4. Total

Combining all of the data for 1H, 2HIB, and 2HRM signs, we find that the Proximal Movement Preference is held constant across all of the data (Figure 3.31).  Moreover, the peculiarities of each language’s curves for 1H, 2HIB, and/or 2HRM signs are to a certain extent recapitulated.  ASL and LIS have peaks at joint II; Auslan dips a little at joint III and increases at joint IV.  All of these nuances are found at some point in the 1H, 2HIB, and 2HRM data.  This interesting point leads us back to the idea that looking at each sign type (1H, 2HIB, and 2HRM) separately can give us valuable insight into the language as a whole.  While the particular joint trends for 2HIB deviated from the 1H and 2HRM signs for most languages, this is probably due to the non-dominant hand and its effects on the dominant hand.  
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Figure 3.31.  Across all of the languages as a whole, the Proximal Movement Preference is maintained for IM signs.

Joint II


When we add up all of the joint II signs across 1H, 2HIB, and 2HRM signs, we find an interesting difference – BSL appears to have a statistically significant larger percentage of joint II signs than any of the other languages (χ2=10.0, *p < 0.05).  LIS appears to have a similar percentage of joint II signs as BSL, but in the chi-square analysis, LIS was not shown to be statistically significant.  This was probably due to the fact that LIS had fewer signs than all of the other languages.  The statistical significance of BSL in this category isn’t really surprising if we look at previous data analyzing 2HIB and 2HRM joint II signs.  In both of these sign categories, BSL led the pack, although the differences lacked statistical significance.
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Figure 3.32. All Joint II signs as a sum of 1H, 2HIB, and 2HRM signs.
	All CatII: BSL has a greater proportion of signs than the other languages (*p < 0.05).



As we look at the CatII movements for all signs, we find that the languages differ statistically significantly when languages are compared on all three CatII movements together in Figure 3.33 (χ2=27.2, **p < 0.005).  By looking at each individual movement type, we can figure out why this is the case.  Looking at the associated table, we find that ASL, BSL and Auslan look to be within similar percentages, while LIS is a lot smaller and LSF is a lot larger.  Statistically, both of these differences are significant (χ2=9.5, *p < 0.05).  
	All CatIIa: LIS has a smaller proportion of signs than the other languages (*p < 0.05).

	All CatIIa: LSF has a greater proportion of signs than the other languages (*p < 0.05).



With CatIIb movement, we find that BSL and LIS have nearly 20% more signs than ASL and LSF.  The statistics only support the difference between BSL and the other languages, though (χ2=12.9, *p < 0.05).  Removing BSL from the chi-square test results in data that are statistically similar.

	All CatIIb: BSL has a greater proportion of signs than the other languages (*p < 0.05).



Finally, with CatIIs movement, the percentages for each language appear to vary a bit, with BSL dipping down all the way to 2%, while most of the other languages are in the double digits.  Statistically, BSL is once again the outlier with regards to CatIIs movements (χ2=16.3, **p < 0.005), which we should expect since BSL lacked CatIIs movements for 1H and 2HIB signs.

	All CatIIs: BSL has a smaller proportion of signs than the other languages (*p < 0.05).
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Figure 3.33. All IM CatII signs broken down according to movement.
	
	II

	
	IIa
	IIb
	IIs

	
	
	
	

	ASL
	55.8%
	24.7%
	19.5%

	BSL
	53.5%
	44.4%
	2.0%

	LIS
	38.0%
	44.0%
	18.0%

	LSF
	66.7%
	24.2%
	9.1%

	Auslan
	53.8%
	32.7%
	13.5%


Joint III

All three sign categories, either ASL or LIS or both have led the joint III movements and when we combine all of the signs together, it is no surprise that ASL and LIS appear with greater percentages that are highly statistically significant (ASL: χ2=18.6, **p < 0.005; LIS: χ2=31.4. ***p < 0.0001).  In fact, this figure appears nearly identical to the figure for 1H signs.
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Figure 3.34. Percent contribution of CatIII movements to all IM signs.
	All CatIII: ASL has a greater proportion of signs than the other languages (**p < 0.005).

	All CatIII: LIS has greater proportion of signs than the other languages (***p < 0.0001).



In Figure 3.35, the comparison of all the CatIII movements together from language to language shows us that the languages use the wrist differently (χ2=35..8, **p < 0.005).  The first thing we notice is that throughout 1H, 2HIB, and 2HRM signs, Auslan contains no CatIIIc movement and BSL contains no CatIIIs movement.  We will walk through the movements one by one and see whether these absences have statistically significant effects.


 While the percentages vary across the board for CatIIIa movement, ASL jumps out as having quite a smaller percentage of signs than the rest of the languages.  Removing the languages with larger proportions from the analysis, like BSL and LIS, still yields statistically significant data, suggesting that BSL and LIS do not have a larger proportion of CatIIIa signs.  Rather, only when we remove ASL from the analysis do we find that the results lack statistical significance.  ASL is highly statistically different from the other languages (χ2=15.1, **p < 0.005).
	All CatIIIa: ASL has a smaller proportion of signs (**p < 0.005).



Although there appears to be some variation for CatIIIb movements and the range of percentages is over a 15 percent spread, the data lacks statistical significance (χ2=5.6, p > 0.05).  Moving onto CatIIIc movements, which Auslan lacks, we find statistical significance caused by the Auslan data (χ2=14.5, *p < 0.05).  

	All CatIIIc: Auslan lacks CatIIIc movement (*p < 0.05).



A similar and familiar situation happens when we look at CatIIIs signs – BSL lacks them for any of the sign categories.  BSL causes the data to be significant with its lack of wrist shaking (χ2=10.4, *p < 0.05).

	All CatIIIs: BSL lacks CatIIIs movement (*p < 0.05).
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Figure 3.35. All IM CatIII signs broken down by movement type.
	
	III

	
	IIIa
	IIIb
	IIIc
	IIIs

	
	
	
	
	

	ASL
	20.8%
	57.5%
	12.3%
	9.4%

	BSL
	46.8%
	45.5%
	7.8%
	0.0%

	LIS
	39.7%
	42.6%
	11.8%
	5.9%

	LSF
	31.1%
	52.5%
	3.3%
	13.1%

	Auslan
	33.7%
	56.2%
	0.0%
	10.1%


Joint IV


Although ASL and LIS appear to have fewer signs than the other languages (Figure 3.36), the data on all joint IV signs approach statistical significance (χ2=9.1, p = 0.058), but is not quite there.  Also, we haven’t seen any languages separating out on joint IV for any of the categories, so perhaps this distinction isn’t one based on actual differences.
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Figure 3.36. Percent contribution of CatIV movement to all IM signs.

While the figure below suggests that the languages use the possible movements of the metacarpophalangeal joints differently (Figure 3.37), we are limited by the scarcity of signs such that chi-square statistical analysis is not possible for comparing the combined relative proportions of movements from language to language.  Rather, a chi-square test in this case gives suspect results; however, the sake of discussion and completeness, I will present the cases that future studies might prove significant.  First looking at CatIVd movement, the data appear to the be statistically significant (although suspect).  BSL has a smaller proportion of CatIVd signs than the other languages and LIS has a greater proportion of CatIVd signs than the other languages (χ2=9.8, *p < 0.05).  Also, future studies may find that LIS has a smaller proportion of CatIVe signs (perhaps balanced out by the presence of CatIVd), which cause the data to appear statistically significant (χ2=9.7, *p < 0.05).  Finally, ASL and LIS lack CatIVf signs, clustering together.
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Figure 3.37. All IM CatIV signs broken down by movement type.
	
	IV

	
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs

	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	

	ASL
	11.9%
	21.4%
	31.0%
	0.0%
	2.4%
	4.8%
	21.4%
	0.0%
	7.1%

	BSL
	14.8%
	22.2%
	20.4%
	1.9%
	1.9%
	1.9%
	31.5%
	3.7%
	1.9%

	LIS
	32.0%
	8.0%
	24.0%
	0.0%
	4.0%
	20.0%
	12.0%
	0.0%
	0.0%

	LSF
	18.6%
	10.2%
	28.8%
	1.7%
	1.7%
	10.2%
	20.3%
	3.4%
	5.1%

	Auslan
	12.6%
	20.7%
	16.1%
	3.4%
	1.1%
	5.7%
	36.8%
	1.1%
	2.3%


Joint V

Because the previous numbers on CatV signs has been so limited, we haven’t really been able to draw any solid conclusions about phalangeal movement as a part of sign languages’ IM repertoire.  However, combining all of the signs together gives us the unique opportunity to find that the languages are indeed different with respect to CatV signs.  LSF has a statistically significant greater proportion of CatV signs than any of the other languages (χ2=13.9, *p < 0.05).  
	All CatV: LSF has a greater proportion of CatV signs (*p < 0.05).
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Figure 3.38. CatV signs as a percentage of all IM signs.
CatVI Signs


Although 1H, 2HIB, and 2HRM CatVI signs were too limited, combining all of the signs affords us the opportunity to look at some statistics.  Interestingly, the Likelihood Ratio which we looked at earlier, diverges from the Pearson p-value once more.  The analysis suggests that Auslan has a smaller proportion of CatVI signs than the other languages; the Likelihood Ratio shows significance (χ2=10.2, *p < 0.05), while the Pearson p-value approaches significance (χ2=8.7, p < 0.07).  Because the two tests appear almost to be in agreement and because we saw that Auslan lacked 2HIB CatVI signs, we will make the claim that CatVI signs are less well represented in Auslan.
	All CatVI: Auslan has a smaller proportion of CatVI signs (*p < 0.05).
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Figure 3.39. Traced path signs as a percentage of all IM signs.

Our doughnut chart for all IM signs, now equipped with statistical significances (Figure 3.40), highlights some new differences as well as confirm old ones.  We find that at joint II, BSL dominates over the other languages, with joint II being involved in 39% of all signs, while the other languages float around 30% for joint II usage.  The difference is statistically significant (χ2=10.0, *p < 0.05) – the data for 1H, 2HIB, and 2HRM separately did not show this effect, but in sum the difference is quietly overwhelming, with BSL using supination and pronation nearly 10% more than the other languages.  For wrist movements (III), ASL and LIS group together again with statistical significance, which we saw for 1H signs (χ2=39.7, ***p < 0.0001).  Finally, we find that LSF has a statistically significant larger proportion of CatV signs than the other languages (χ2=13.9, **p < 0.005), a trend that hasn’t been realized before due to the small number of CatV signs. It is hard to say whether 1H, 2HIB, or 2HRM sign sets are honest indicators of languages as a whole, since we don’t find really consistent trends.   
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Figure 3.40. Doughnut graph for joint usage over all IM signs.
	
	II
	III
	IV
	V
	VI
	HCx

	ASL
	29.4%
	40.5%
	16.0%
	6.1%
	1.9%
	9.9%

	BSL
	39.0%
	30.3%
	21.3%
	1.2%
	3.1%
	6.3%

	LIS
	37.0%
	50.4%
	18.5%
	3.7%
	3.7%
	11.1%

	LSF
	29.6%
	27.4%
	26.5%
	7.2%
	3.6%
	11.7%

	Auslan
	29.1%
	24.9%
	24.4%
	2.8%
	0.6%
	12.9%


4. Hand Configuration

The relationship between hand configuration and internal movement is an interesting one.  Many sign linguists have described nearly all movements of the metacarpophalangeal movement and phalangeal movement as changes in HC.  Indeed, bending the index and middle fingers of the V handshape gives you a different, marked handshape.  Yet, Sandler (1989) adopted the stance Stokoe (1965) took in that there is a predictable relationship between the initial and final hand configurations.  I have adopted a slightly different approach for internal movement that accommodates the concerns of Liddell and Johnson (1989a), which state that the relationship between the initial and final hand configurations are not always predictable.  The HCx category and its definition provided earlier are intended to capture this idea.  The definition of secondary movement is intended to represent relationships between initial and final handshapes that are predictable and formationally distinct from hand configuration changes..

In this section, I will cover various aspects involving hand configuration and internal movement.  I will attempt to answer the following questions:

· Do certain languages employ HCx to a greater extent than others?

· Is there a relationship between a language and the HC used?

Where possible, statistical analyses will be provided; however, most of the data in this section are not amenable to statistical tests, as the chi-square test requires that the values of the expected values is equal to or greater than 5.  Thus, where appropriate, qualitative observations will be made.

4.1. Hand Configuration Change (HCx)

There is some variability in the extent to which the languages use 1H signs involving HCx – statistically speaking, the differences are not significant and even if they were, neither genetic relationships nor conservative/innovative ties can explain the differences observed (Figure 4.1).  The observed percentages are most likely random or idiosyncratic, if the data are indeed different.  Again, more data is needed to confirm the numbers that we observe.  Qualitatively, we find that BSL has the lowest proportion of 1H HCx signs and LSF has the most.  

With 2HIB signs, the variation among languages is much less pronounced (Figure 4.2).  Auslan and LIS have the greatest proportion of 2HIB HCx signs, while BSL has the least.  Despite these differences, few solid conclusions can be drawn from the data because the number of signs for each language is low, precluding the possibility of statistical analysis. 


For 2HRM signs, we find that although the counts are too low for statistical analysis, Auslan has more HCx signs than all of the other languages combined (Figure 4.3).  Especially given the fact that all of the other languages are composed of about 4-6% 2HRM HCx signs, while Auslan has nearly 13%, I am inclined to say that Auslan is characterized by greater usage of 2HRM HCx signs.  
	2HRM HCx: Auslan has a greater proportion of signs with HCx.



When we combine 1H, 2HIB, and 2HRM HCx signs together, we find that there is a very low amount of variation across languages (Figure 4.4). This consistency may reflect the idea that HCx signs are fundamentally different from secondary movement signs.  We’ll reflect on this idea later on in the discussion (Chapter 6).
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Figure 4.1. Languages use 1H HCx signs pretty consistently without one language differing too much from another. (χ2=7.1; p = 0.13)
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Figure 4.2.  Languages are fairly similar with respect to 2HIB signs – in fact, four of the languages have only 3 2HIB HCx signs, while Auslan has 6.
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Figure 4.3.  Auslan contains more 2HRM HCx signs than all of the other languages combined.
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Figure 4.4. All 1H, 2HIB, and 2HRM signs combined on HCx (χ2=7.4, p > 0.05). 
4.2. Languages and their Hand Configurations


In this section of my thesis, we will take a look at the distribution of HCs across IM signs of each language.  In particular, I will highlight marked HCs and the languages most likely to use them.  I am choosing to evaluate only marked HCs where at least one language has five or more signs of this type.  The low frequency of marked handshapes makes statistical analysis difficult.  Additionally, I will consider HCs that are found only in one language and not others with at least 3 signs in the data for 1H, 2HIB, and 2HRM signs.  This is an incomplete analysis – data from primary movement in addition to internal movement would be more complete and thus representative – but nevertheless reveals some interesting points worth noting and pursuing in future studies.


For 1H IM signs, we find some interesting things (Figure 4.5).  ASL makes the most use of the H and K hand configurations.  ASL is also the only language that makes use of the R hand configuration.  BSL and Auslan have the greatest use of the X hand configuration and are quite similar, while ASL, LIS, and LSF use X quite less and have nearly the same values – perhaps an effect due to genetic relationships.  ASL, BSL, and Auslan make more use of V than LIS and LSF.  With these data, we might conclude that ASL is the most adventurous in terms of the hand configurations it will allow in 1H IM signs.  
	1H IM: ASL has the largest number of H handshapes.

	1H IM: ASL has the largest number of K handshapes.

	1H IM: Only ASL uses R handshapes.

	1H IM: BSL and Auslan use the X handshape more than ASL, LIS, and LSF.

	1H IM: ASL, BSL, and Auslan make more use of the V handshape.
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Figure 4.5. ASL appears to utilize unmarked hand configurations more frequently than the other languages do.

Because of the vastly smaller dataset available for 2HIB signs, we might be less likely to discern actual differences between HCs and languages (Figure 4.6).  While viewing this figure, note that the scale on the y-axis is not the same as that in Figure 4.5.  The reason for this is so that we can actually visualize the data points – increasing the scale on the y-axis would limit what we could say and discern from the figure, although technically keeping the scale consistent would be a better way to present data.  For the sake of seeing differences, we’ll ignore the difference in scale.

There are some major things that we find in this figure; some that match our observations in 1H IM signs and some that do not.  First off, ASL is the only language that makes use of the K hand configuration – consistent with our previous finding that ASL uses K more heavily than the other languages.  For the V hand configuration, BSL, LSF and Auslan have the highest counts – similar to what we found where ASL, BSL, and Auslan used V more.  The counts for the H and X hand configurations are pretty low and seem quite arbitrary.  No language makes use of the R handshape.  
	2HIB IM: Only ASL uses the K handshape.

	2HIB IM: BSL, LSF, and Auslan use the V handshape the most.
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Figure 4.6.  The distinctions drawn from these data are less apparent the those found for 1H signs.  However, we do find some consistent trends with ASL, BSL, and Auslan.

Within the set of 2HRM signs (Figure 4.7), we find that BSL and LSF make the greatest use of the H hand configuration.  ASL and LSF are the only languages with K, although each only has one sign of this configuration.  R again is only found in conjunction with ASL, but there is only one sign for this configuration.  ASL, LSF, and Auslan use the marked V handshape the most – each of these languages has incorporated the V hand configuration into 1H and 2HIB signs.  It is a bit surprising that BSL is not a part of this set.  We might expect that with a larger data set, more BSL signs with V might emerge.  And although there are only 3 signs, BSL uses the X handshape more than the other languages – a finding that falls through with 2HIB analysis, but is agreement with what we see in 1H signs.  
	2HRM IM: ASL, LSF, and Auslan use the V handshape the most.

	2HRM IM: Only BSL uses the X handshape.
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Figure 4.7. Few differences emerge from an analysis of 2HRM IM signs – some consistent trends recur.

What is most interesting about this data is that we do in fact see certain languages making use of particular marked hand configurations.  ASL is the only language that consistently uses the K and R HCs.  BSL usually uses the X HC more often than the other languages.  If a language involves the V HC, it probably is not LIS.  Combining the data for the three different sign types together, we find that our previous analyses for H, K, R, V, and X are mostly in line when all the sign categories combined (Figure 4.8).  We also find that Auslan uses the C hand configuration more widely than the other languages.  BSL also doesn’t appear to use the F and L handshapes as much as the other languages (see Appendix B for the counts).  For many of the marked hand configurations that we have not yet discussed, the languages appear remarkably similar (E, I, 3, Y, and 8).  Also, the appearance of these HCs often totals around 10 for each language.  The low and common occurrence of these HCs across languages suggest that perhaps they are ‘too’ marked to use in signs with IM.
	All IM: Auslan uses the C handshape more than the other languages.

	All IM: BSL uses the F handshape less than the other languages.

	All IM: BSL uses the L handshape less than the other languages.
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Figure 4.8. Comparing all signs for each of the languages confirms the previous analysis and reveals a few more.
4.3. Chapter Summary


 Except for the case of Auslan have a greater percentage of 2HRM signs than the other languages, we find that on the whole, there is not too much variation across languages with respect to hand configurations changes.  Moreover, when we look at the distribution of handshapes across all internal movement signs, disregarding the labels of secondary movement and hand configuration change, it seems that certain languages, particularly ASL are adventurous with using marked handshapes (H, F, K, R, and V), whereas others like BSL like to stick to a few handshapes (V and X).  Genetic correlations seem more noticeable when we look at the frequency of handshapes across languages, compared to looking at different types of movement across languages.  
5. Discussion

As we saw early on in this thesis, signs lacking primary or path movement comprise over 12% of the signs for any of the languages we have looked at.  In some cases, internal movement can contribute nearly one-fifth of all the signs in a language.  For this reason, it is imperative that we acknowledge and recognize internal movement as an integral part of sign languages that merits further investigation.  And although an early work on the phonetics and phonology of ASL makes no distinction between PM and IM (Stokoe et al. 1965), it is now generally accepted that internal movement is indeed separate from primary movement, although consensus has been lacking as to how to define internal movement 
 ADDIN EN.CITE 
(Friedman 1976; Friedman 1977; Mandel 1979; Sandler 1989)
.


In this thesis, I have attempted a different approach of typologizing sign languages, using a kinesiological model to describe the phonetics of internal movement.  The associated coding scheme I have devised bears both advantages and disadvantages.  On the one hand, there are quite a few different categories of movement with some apparent redundancy of movements from joint to joint.  This makes for an admittedly confusing coding scheme that might appear to be superfluous.  Yet, I think this coding scheme highlights the reason why it is so difficult to define internal movement. Movements at the metacarpophalangeal joints can occur independently of phalangeal flexions or they can appear together.  In addition to recombination, there are usually multiple possible movements for each joint – the movements can vary along type as well as degree.  The sheer number of movements that can occur along with the potential to recombine gives us a phonetic scheme that is quite rich with possibilities, justifying the need for such a complicated scheme.  Hansen analyzes these recombinant features from a phonological standpoint which results in a pretty complicated scheme as well (2006).  Because of this systematic categorization of movement from joint to joint, we can more accurately describe the actual movement signs, as opposed to ambiguous classifications of opening, closing, bending, wiggling, and twisting (Stokoe et al. 1965).  Moreover, this scheme also allows us to make some interesting observations with respect to joint articulation and movement at the immobile base, to which we will now turn our attention.  
5.1. Frequency of Sign Categories in Internal Movement

Throughout this paper, the described anatomical coding system is applied to three different sign categories: one-handed, two-handed with an immobile base, and two-handed with reflexive symmetry across the midsaggital.  Before we consider what the results are from applying this model to the data, let’s look first at the frequency of these sign categories.  If the 1H, 2HIB, and 2HRM sign categories contributed equally to each language with no difference in using one category over another, then we would expect a symmetrical distribution of these categories across the languages.  Put more simply, we would expect that a language’s lexicon would contain 33.3% 1H signs, 33.3% 2HIB signs, and 33.3% 2HRM signs if these sign categories were considered to be equal.  However, that is far from what we find.  In fact, not only do we find a skew from these symmetric percentages, we find a consistent skew from these percentages, suggesting that the underlying reasons for these differences need to be explored more thoroughly.  Here I will present some of these differences and suggest why they might exist.

Looking at all signs, primary and internal included, my previous work with Napoli and Gaw found that 1H signs comprise close to 40% of all the signs in a language, which is in line with the work of Bellugi and Klima (1974), who reached percentages nearly identical to ours.  Yet earlier, we found that of signs containing only internal movement, 1H signs comprised the largest proportion for every language, with most languages containing nearly 60% 1H internal movement signs.  There is a pretty big contrast seen here – internal movement favors 1H signs even more than primary movement signs, up to 20% more so.  The consistency of these results from language to language suggests that these numbers might not be all that arbitrary.  First to address the prevalence of 1H signs, speaking solely from a logical point of view, why use two hands if you only need to use one?  It takes less energy, no coordination between hands, and gives the signer the most control over articulation, since the sign would only contain the dominant hand.  Involving the non-dominant hand in a 2HRM sign may require more coordination and more effort on the part of the signer to produce internal movements of any complexity.  In fact, neurophysiological evidence exists suggesting that bimanual movements require differential cortical activity that is specialized when compared to one-handed movements (Donchin et al. 2002).  In addition, dominant hand movement exhibits lowered motor unit firing rates, lowered recruitment thresholds, increased the percentage of slow twitch fibers, when compared to non-dominant hand movement (Adam et al. 1998).  In other words, dominant hand movement really does require less effort.  

Secondly, it seems natural that internal movement would favor 1H signs because otherwise, if you engage two hands in the signing space and produce a sign involving only internal movement, there is nothing motivating the sign to keep both hands there.  In our previous work (Napoli et al. to appear), we raised the idea of an anchor or goal existing for a given sign category.  For 2HRM signs involving primary movement, the goal was the plane of the sign.  Movement for 2HRM signs preferred using the plane as a reference point and moving away, toward, or along it.  In the case of 2HRM internal movement signs, the concept of a goal is usually lost.  Signs where both hands are doing the same internal movement appear redundant – the mirroring across the plane doesn’t necessarily add anything to the sign, since by definition, signs with internal movement cannot change location with respect to the plane.  Because of this, one might expect that 2HRM signs with internal movement are easily reduced to 1H signs.  

One might notice that these lexical entries might undergo a process very much like the purely phonological phenomenon of Weak Drop, first proposed by Padden and Perlmutter (1987), except that what is described here is not a phonological phenomenon.  While the data is lacking to further justify this claim, I will coin this process as Internal Movement Weak Reduction.  Further research may focus on the particular conditions under which this proposal is most applicable.

Internal Movement Weak Reduction: over a language’s history, 2HRM signs may drop the nondominant hand in favor of a 1H sign in the lexicon.

With respect to signs involving two hands, where only the dominant hand is active and the non-dominant hand is stationary, this thesis finds some interesting results.  In my work concerning signs involving primary movement, 2HIB signs comprised anywhere from 22% to 30% of the data, figures which are in line with previous studies that find 2HIB signs occurring 25% of the time (Bellugi & Klima 1974).  Now, if we expected internal movement to behave the same as the language as a whole, we would expect to find roughly 25% of all internal movement signs to be of the 2HIB variety.  However, as we saw before, this is not the case.  Rather, for most languages, there is about a 10% drop-off, resulting in about 15% of IM signs being 2HIB.  Again, this is not an insignificant amount.  These percentages combined with a comparison of CatIV and CatV percentages between 1H, 2HIB, and 2HRM signs, suggest that my earlier proposal, the Immobile Base Movement Limitation, may in fact be reflecting an actual phenomenon.

This idea is not too far-fetched either.  While the presence of the non-dominant hand as an immobile base in a sign allows for greater complexity and recombination, the base may also place restrictions on the possible types of movement.  Because the immobile base can take on different handshapes, movements produced by the dominant hand must be salient enough such that subtle movements are not competing with the base for the receiver’s attention – a condition especially important for signs occurring on, under, or near the base.  What are the less salient movements?  Based on the frequency of movements at the metacarpophalangeal and phalangeal joints and the possible movements that can occur, the Proximal Movement preference seems to play a role in producing more salient movements, especially when an immobile base is involved. 

Extensive studies on this topic are lacking, especially those comparing the frequency of these categories in different sign languages.  Future work with my colleagues will include a similar analysis of the primary and internal movements of sign languages unrelated to the LSF and BSL families, as well as different methods of exploring historical influences through lexicostatistical analyses (Woodward 1996) .  Our findings augmented with data from unrelated languages will determine the usefulness of this type of phonetic approach.
5.2. Secondary Movement


Compared to previous definitions of secondary movement, this analysis has found that secondary movement is diverse, complex, and recombinable.  In this way, languages might be able to cultivate distinct characteristics at the level of secondary movement in a consistent and predictable way for that language.  That is to say, secondary movement may give us valuable insight into phonetically profiling sign languages.  Below, I will discuss the unique characteristics for each language that I found in the results and speculate as to why how they might be interpreted.
ASL


ASL comes up as statistically significant from the other languages in a number of categories and often clusters with another language.  For all IM signs including every joint and HCx, ASL and Auslan have a significantly greater percentage of signs than other languages (Figure 1.1).  Although ASL and Auslan are not related to one another, they are both innovative languages.  Perhaps what we see here is a general trend of innovative languages – IM is used more often in innovative languages than conservative languages.  Of course, LIS is not included in this grouping, but then again, out of these languages, LIS has the smallest dataset and thus our sample may be unrepresentative of the language as a whole.  

With regard to particular joints and their movements, ASL has a few preferences.  First of all, for signs of any category occurring at the wrist, ASL has a statistically larger proportion than the other languages (except for LIS).  Within the possible movements of the wrist, for 1H signs, ASL and LIS are the only languages with signs that involve a rotation (CatIIIc).  On the flipside, ASL appears to disfavor shaking movements originating from the wrist for all signs, more than the other languages.  In fact along with BSL, ASL does not contain any 2HRM wrist shaking at all.  Yet this finding contrasts with shaking movements that we find at the elbow, where ASL and LIS have a significantly larger proportion of shaking movements than the other languages.  Lastly, ASL and Auslan do not have any 2HIB CatVI signs.  

What does this mean for ASL?  How do we integrate this information in order to come up with anything useful?  First of all, with regards to ASL using IM more, the data seems at odds with the Proximal Movement Preference, that I proposed earlier.  IM requires the output from smaller muscles than primary movement, making production of internal movement generally more difficult than production of primary movements – primary movements recruit a greater number of motor units, distributing the workload across a greater number of muscle fibers (Tortora 2004).  What we find is that ASL appears to converge on a middle ground and uses more signs at the wrist, which are less marked than signs with movements occurring at the metacarpophalangeal or phalangeal joints.  Moreover, ASL exploits the wrist by using rotational movements where other languages do not.   In fact, it has been shown that the more distal the movement, the more salient it is (Poizner, Bellugi, and Lutes-Driscoll, 1981).  As a result, ASL appears to exploit the saliency of distal movements, while minimizing the amount of work required, as it does not utilize movements at the metacarpophalangeal and phalangeal joints as much as the wrist.  This explanation is in line with the theory of functional phonology, where the minimization of articulatory effort and minimization of perceptual confusion are fundamental principles (Boersma 1998).  With these ideas in mind, we will continue onward to BSL and keep these considerations of ASL in mind when we review the data for LIS.
BSL

BSL also has some language specific traits, which hopefully we can piece together, but altogether BSL is not incredibly adventurous with its IM.  Out of all the languages, BSL has the largest proportion of elbow movements, or pronations and supinations.  Of these CatII movements, BSL greatly prefers the intermediate movement compared to the rapid shaking movement, which it lacks for 1H and 2HIB signs.  However, it is difficult to make any real conclusions from this data – the BSL dictionary used a hybrid of Stokoe notation along with confusing arrows superimposed on images of signers signing to describe a sign.  While I tried to stay consistent with my interpretation of the arrows, many times it was simply impossible to tell what kind of movement really was being portrayed – highlighting the need for a new classification system describing internal movement.  Thus, the significant differences that we see may in fact be due to my misinterpretation of a sign.  Besides its preference for CatII movements, the only significant characteristics displayed by BSL involved either intermediate movement or shaking.  Because these are the only sign types in question, it suggests that either BSL does have a dislike for shaking, or that the data were not categorized correctly.
LIS


As we consider the significant characteristics of LIS the first thing that pops out is that everywhere LIS clusters with another language, it’s ASL.   For 1H CatII and 1H/2HRM CatIII movements, LIS has a significantly larger percentage of signs than the other languages.  In addition, both ASL and LIS have more CatIII signs when we consider the sum of 1H, 2HIB, and 2HRM signs.  Again, for 1H rotational signs at the wrist, ASL and LIS are the only languages containing these movements.  LIS also shows the least preference for a rubbing movement of the fingers for 1H signs.  Finally, for complete pronations and supinations, LIS has a statistically smaller percentage of signs.  


As with ASL, we find that LIS appears to be more conservative and efficient with movements, preferring to exploit wrist movements more than movements at joints IV and V.  Here we will consider why ASL and LIS share so many characteristics in common.  In my study on primary movement, we found that ASL and LIS shared the greatest number of characteristics with one another, suggesting that they are phonetically similar, which is in line with what we see here.  One might attribute these similarities to the common old form of  LSF.  However, if the reason why ASL and LIS are so alike is because they are derived from the same form of pre-LSF, then we would also expect that modern day LSF would share some similar characteristics with ASL and LIS, which we do not find in the data (at least for internal movement).  Rather, what appears to be happening is that the languages are once again splitting along innovative and conservative lines.  The reason why Auslan isn’t thought to be included in the mix is because our prior work on primary movement suggests that Auslan is very similar to BSL.  Alternatively, another explanation for the ASL and LIS similarities is that ASL and LIS had some contact with one another, thus resulting in an influence of one language on the other.  However, no such records exist of an ASL influence on LIS or vice versa.  Therefore, I believe that these high similarities are due to the split from LSF and rapid innovation (see Napoli et al., to appear). 

Evolutionary Phonology suggests another possible explanation for the likeness of ASL and LIS.  The theory proposes that two languages may have similar sound patterns via: (1) transmission from a common mother language; (2) parallel evolution through a parallel phonetically motivated process; (3) physical constraints on production and perception; (4) external factors, like second language acquisition and language contact; and (5) chance (Blevins 2006).  It may be possible that ASL and LIS share so many characteristics due to (1) and (2).
LSF


While LSF is the least impressive with only one unique characteristic, this characteristic is certainly different and unexpected.  When we look at the combined data from 1H, 2HIB, and 2HRM signs, we find that LSF has a significantly greater proportion of CatV signs – a completely unexpected result.  LSF’s preference for phalangeal extension and flexion does not violate the Proximal Movement Proposal, since in the general scheme of internal movement CatV signs play a minor role.  This preference might reflect the idea that more distal movements are more salient (Poizner et al. 1981).
Auslan


For the joint movements, Auslan appears to have gone in the other direction the LIS took.  Auslan has no CatIIIc signs across the three different sign categories.  Auslan also has a significantly higher proportion of 1H rubbing signs compared to the other languages, especially with LIS, which statistically has the lowest percentage.  Also, Auslan seems to make small use of traced path signs, as it has the smallest proportion of any language for all three categories combined.  In addition, the 2HIB CatVI set is empty.   


Compared to the similarities we saw between ASL and LIS, the differences between Auslan and LIS are rather interesting.  As both LIS and Auslan are innovative languages, it is curious as to why they went in different directions.  This split suggests that the motivation for preferring one joint over another isn’t solely based on what’s physiologically easiest.  Instead, Auslan makes it clear to us that there are different permutations and languages do not exploit them in predictable ways.
5.3. Hand Configuration

As noted in Chapter 5, sign languages don’t differ all that much when it comes to HCx – the only noticeable difference comes from looking at Auslan’s 2HRM HCx signs, but the statistics are not available to back the difference up.  Every statistical test run on HCx showed the data to be non-significant.  Now, instead of taking a focus on the peculiarities of language, as the HCx proportions are all very similar, we’ll look at hand configuration change itself and what these numbers tell us about the nature of HCx. 


First of all, how adequate is our definition of HCx?   Early on in this thesis, I defined HCx signs as involving a hand configuration change starting with an initially closed HC to an open HC, where the final handshape cannot be predicted OR cases where signs change from open to closed, but there is no fingertip touching (CatIVe) involved, which is found in many signs.  Rather, some fingertips can pass the other digits to touch the palm, while others stay extended or move to an extended position.  The real question is, why does this definition make a distinction between going from a closed handshape to an open handshape and going from an open handshape to a closed handshape?  Why are the two functionally different?  The distinction is based solely on the availability of options during the movement.  So going from a closed handshape to an open handshape, there’s an array of possibilities to choose from with nearly every handshape being available as an option.  Thus, the final handshape in a movement involving HCx is unpredictable.  In the case of going from an open to a closed handshape, the set of available handshapes becomes much smaller and the final handshapes are predictable from the initial handshape.  There is nothing special a sign where 1 handshape bends to form the X handshape as in the ASL sign ASK – there’s a predictable relationship there, solely CatV movement.  Likewise, there is something predictable about going from a 5 handshape to an O handshape, as in the LSF sign HABITER ‘live’.  The extended fingers converge on each other – the thumb serves as sort of an internal movement anchor.  The resulting handshapes are referred to as opposed handshapes by Ann and Peng (2000).  Opposed handshapes have a predictable distribution based on the selected fingers, adjacent fingers, and unselected fingers – these are not discussed here.  In terms of the anatomical movement scheme developed, HCx signs recombine CatIV movements and CatV movements in all signs.

It’s hard to say what the similarity of HCx percentages means for internal movement.  Because HCx signs encompass at most 12% of a language’s IM signs, the movement seems to be reserved for only a select number of instances.  Perhaps languages have recognized that because the final handshape is unpredictable, it’s best to use those signs in fewer circumstances and use signs where the movements are predictable for the benefit of perceptibility.

Shifting gears to actual handshape frequencies across all internal movement signs, ASL uses marked handshapes, like K, H, and R, the most liberally.  BSL uses the X handshape to a greater extent than the other languages.  Auslan pairs up with BSL on 1H X handshapes.  LIS is the only language that does not cluster on V, although this might be due LIS’ smaller data set.  Auslan uses C more than the other languages.  LSF does not have any distinguishing characteristics.  The data found here suggests that languages may have strong preferences for certain handshapes and may be a parameter upon which languages may significantly differ.  Future studies will need to incorporate handshapes involved in primary movement to see whether these trends hold.
5.4. Summary

Over the course of this thesis, I have explored various characteristics of internal movement with a slightly different approach using a kinesiological/anatomical model of secondary movement.  Thus far, the categorizing scheme has proven to be a valuable tool allowing accurate depictions of secondary movement.  Nearly just as important as the classification scheme is the data organization and retrieval process.  This process of digitizing signs and tagging images will make future attempts at phonetically characterizing sign languages much easier.  As a result of these two important tools, I have presented an analysis of the joints involved in internal movement and the possible movements at each joints.  Languages do not appear to separate on genetic or innovative lines nearly as much as they do in primary movement.  Rather, languages show much more phonetic diversity at the level of  internal movement.  The frequency and distribution of secondary movements and HC changes suggest that physiological constraints are most lenient with internal movements, allowing for greater divergence among languages in comparison to the distribution of primary movements, which are on the whole conservative.  Although the Proximal Movement Proposal appears to be a force in selecting the types of movement that can occur, languages nevertheless utilize their preferred joints and exploit various types of possible movement.  This finding suggests a mechanism by which sign languages may evolve most rapidly and offers a reference point for comparison to what is known about the divergence of spoken languages. 


With respect to hand configuration and its relationship with internal movement, sign languages vary widely and can exploit marked handshapes to a great degree or show no overwhelming preferences at all.  Yet, because primary movement is lacking, future work in this area will have much more to tell.  In addition, sign languages behave similarly when it comes to using hand configuration changes.  Including signs where internal movement is combined with primary movement may help elucidate why this is the case.


Ideas that will hopefully be important to futures studies of internal movement are presented here.  In particular, the Proximal Movement Proposal and the Immobile Base Movement Limitation appear to be well supported by the data.  With respect to specific language characteristics, we have seen that BSL is quite limited with respect to movement and handshape, while ASL likes to use a wider variety of movements and handshapes.  And there are many more characteristics this thesis addresses.  My hope is that the findings in this paper illustrate the power of the approaches used in this study to effectively analyze the phonetic characteristics of sign languages.  
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Appendix A: Raw data tables for secondary movement signs
Table 1. 1H signs separated by joint location and then movement type
	
	II
	III
	IV
	V
	VI
	HCx
	HdM
	Total

	
	IIa
	IIb
	IIs
	IIIa
	IIIb
	IIIc
	IIIs
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs
	
	
	
	
	

	
	
	
	
	
	
	
	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	
	
	
	
	
	

	ASL
	22
	9
	6
	15
	35
	9
	10
	3
	4
	5
	0
	1
	1
	7
	0
	1
	7
	5
	20
	0
	155

	BSL
	28
	25
	0
	16
	22
	0
	0
	5
	7
	9
	1
	1
	0
	9
	2
	1
	2
	3
	10
	4
	142

	LIS
	15
	16
	5
	15
	11
	6
	3
	3
	2
	6
	0
	1
	3
	1
	0
	0
	1
	2
	10
	0
	74

	LSF
	19
	7
	4
	7
	12
	0
	3
	6
	3
	10
	0
	0
	3
	4
	1
	2
	4
	2
	19
	1
	104

	Auslan
	25
	25
	10
	15
	22
	0
	4
	5
	11
	10
	2
	0
	4
	24
	1
	1
	4
	1
	27
	10
	201


Table 2. 2HIB signs separated by joint location and then movement type
	
	II
	III
	IV
	V
	VI
	HCx
	HdM
	Total

	
	IIa
	IIb
	IIs
	IIIa
	IIIb
	IIIc
	IIIs
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs
	
	
	
	
	

	
	
	
	
	
	
	
	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	
	
	
	
	
	

	ASL
	10
	5
	2
	1
	9
	2
	0
	0
	2
	3
	0
	0
	0
	1
	0
	0
	2
	0
	3
	0
	37

	BSL
	10
	11
	0
	8
	3
	3
	0
	1
	2
	1
	0
	0
	0
	1
	0
	0
	1
	5
	3
	1
	43

	LIS
	1
	3
	2
	5
	10
	1
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	3
	0
	27

	LSF
	10
	4
	1
	6
	5
	1
	1
	3
	0
	2
	0
	0
	0
	2
	0
	0
	3
	3
	3
	1
	40

	AUSLAN
	12
	2
	2
	12
	13
	0
	1
	1
	2
	2
	0
	0
	0
	1
	0
	0
	2
	0
	6
	0
	53


Table 3. 2HRM signs separated by joint location and then movement type
	
	II
	III
	IV
	V
	VI
	HCx
	HdM
	Total

	
	IIa
	IIb
	IIs
	IIIa
	IIIb
	IIIc
	IIIs
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs
	
	
	
	
	

	
	
	
	
	
	
	
	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	
	
	
	
	
	

	ASL
	11
	5
	7
	6
	17
	2
	0
	2
	3
	5
	0
	0
	1
	1
	0
	2
	7
	0
	3
	0
	70

	BSL
	15
	8
	2
	12
	10
	3
	0
	2
	3
	1
	0
	0
	1
	7
	0
	0
	0
	0
	3
	0
	69

	LIS
	3
	3
	2
	7
	8
	1
	1
	3
	0
	0
	0
	0
	2
	2
	0
	0
	3
	1
	2
	0
	34

	LSF
	15
	5
	1
	6
	15
	1
	4
	2
	3
	5
	1
	1
	3
	6
	1
	1
	9
	3
	4
	2
	79

	AUSLAN
	19
	7
	2
	3
	15
	0
	4
	5
	5
	2
	1
	1
	1
	7
	0
	1
	4
	1
	13
	1
	103


Table 4. 1H, 2HIB, and 2HRM signs combined and separated by joint and movement type
	
	II
	III
	IV
	V
	VI
	HCx
	HdM
	Total

	
	IIa
	IIb
	IIs
	IIIa
	IIIb
	IIIc
	IIIs
	IVa
	IVb
	IVc
	IVd
	IVe
	IVf
	IVs
	
	
	
	
	

	
	
	
	
	
	
	
	
	IVa1
	IVa2
	IVa3
	
	
	
	
	
	
	
	
	
	
	

	ASL
	43
	19
	15
	22
	61
	13
	10
	5
	9
	13
	0
	1
	2
	9
	0
	3
	16
	5
	26
	0
	262

	BSL
	53
	44
	2
	36
	35
	6
	0
	8
	12
	11
	1
	1
	1
	17
	2
	1
	3
	8
	16
	5
	254

	LIS
	19
	22
	9
	27
	29
	8
	4
	8
	2
	6
	0
	1
	5
	3
	0
	0
	5
	5
	15
	0
	135

	LSF
	44
	16
	6
	19
	32
	2
	8
	11
	6
	17
	1
	1
	6
	12
	2
	3
	16
	8
	26
	4
	223

	Auslan
	56
	34
	14
	30
	50
	0
	9
	11
	18
	14
	3
	1
	5
	32
	1
	2
	10
	2
	46
	11
	357


Appendix B: Raw data tables of hand configurations for all internal movement signs
Table 1. 1H distribution of hand configurations 
	
	A
	B
	5
	C
	E
	F
	G
	H
	I
	K
	L
	3
	O
	R
	V
	W
	X
	Y
	8

	ASL
	21
	15
	17
	10
	1
	10
	27
	16
	4
	9
	7
	2
	7
	3
	10
	0
	6
	2
	3

	BSL
	19
	21
	29
	2
	0
	4
	22
	8
	1
	2
	3
	2
	3
	0
	10
	0
	15
	4
	3

	LIS
	13
	11
	15
	3
	0
	7
	8
	7
	1
	0
	4
	1
	3
	0
	4
	0
	6
	2
	1

	LSF
	27
	17
	18
	1
	1
	5
	9
	9
	3
	1
	7
	3
	7
	0
	6
	1
	5
	1
	1

	Auslan
	30
	27
	34
	13
	2
	8
	38
	5
	1
	1
	8
	3
	22
	0
	10
	3
	12
	3
	5


Table 2. 2HIB distribution of hand configurations
	
	A
	B
	5
	C
	E
	F
	G
	H
	I
	K
	L
	3
	O
	R
	V
	W
	X
	Y
	8

	ASL
	4
	8
	5
	3
	0
	0
	3
	1
	0
	3
	2
	0
	2
	0
	3
	0
	1
	2
	3

	BSL
	6
	6
	10
	0
	0
	2
	8
	0
	0
	0
	0
	0
	4
	0
	6
	0
	0
	2
	2

	LIS
	5
	3
	4
	0
	0
	1
	3
	4
	0
	0
	2
	0
	0
	0
	2
	0
	3
	0
	0

	LSF
	5
	12
	2
	0
	0
	3
	6
	1
	0
	0
	1
	0
	0
	0
	7
	0
	2
	1
	1

	Auslan
	7
	12
	13
	2
	0
	3
	9
	2
	0
	0
	2
	0
	0
	0
	6
	0
	2
	0
	1


Table 3. 2HRM distribution of hand configurations
	
	A
	B
	5
	C
	E
	F
	G
	H
	I
	K
	L
	3
	O
	R
	V
	W
	X
	Y
	8

	ASL
	9
	13
	18
	0
	0
	2
	13
	1
	0
	1
	1
	0
	0
	1
	7
	1
	0
	3
	0

	BSL
	8
	22
	16
	0
	1
	0
	5
	5
	1
	0
	0
	0
	3
	0
	3
	0
	3
	2
	2

	LIS
	7
	5
	6
	1
	0
	2
	4
	3
	0
	0
	2
	0
	4
	0
	2
	0
	0
	1
	1

	LSF
	10
	7
	21
	4
	0
	4
	7
	5
	0
	1
	1
	2
	6
	0
	8
	0
	1
	1
	1

	Auslan
	18
	22
	26
	6
	0
	1
	10
	2
	1
	0
	0
	0
	3
	0
	8
	0
	0
	0
	0


Table 4. Distribution of hand configurations for all IM signs
	
	A
	B
	5
	C
	E
	F
	G
	H
	I
	K
	L
	3
	O
	R
	V
	W
	X
	Y
	8

	ASL
	34
	32
	39
	14
	5
	16
	44
	21
	8
	14
	12
	6
	11
	8
	21
	5
	10
	9
	7

	BSL
	31
	​​47
	49
	6
	5
	8
	31
	17
	6
	6
	7
	6
	10
	4
	17
	4
	22
	10
	9

	LIS
	24
	20
	25
	8
	4
	13
	16
	14
	5
	4
	10
	5
	11
	4
	10
	4
	10
	7
	6

	LSF
	41
	28
	43
	9
	5
	13
	20
	18
	7
	6
	12
	9
	17
	4
	18
	5
	10
	6
	6

	Auslan
	52
	53
	64
	23
	6
	13
	52
	11
	6
	5
	12
	7
	29
	4
	22
	7
	16
	7
	9
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