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Simple cipher models, which characterize fingerspelling as a
sequential arrangement of static handshapes corresponding to English
letters, are demonstrably inadequate to explain how people produce and
perceive fingerspelling. This research explores a more viable, dynamic
model which takes into account kinematic and temporal aspects of
fingerspelling trajectories.

Two studies are reported. The first asked adult, hearing students
to rate the ease or difficulty of several signed language learning
activities. By far, the most difficult task that students face is learning
to understand fingerspelling. According to their judgments, fingerspell-
ing is more similar to learning American Sign Language than it is to
learning a code for English.

The second study consisted of several three-dimensional motion
analyses of simple fingerspelled words. Kinematic and temporal at-

tributes of fluent and non-fluent fingerspelling were examined, including
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fingerspelling rate, synchronicity among articulators, and peak velocity
of articulators.

The results of this research suggest that transitions between
targets are important in the fluent production of fingerspelling.
Evidence for ccordinative structures, groups of individual articulators
constrained to act as a single functional unit, is found in a high degree
of entrainment during transitions. This evidence is interpreted in light

of a proposed dynamic model of fingerspelling.
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Chapter One

A Linguistic Approach to Fingerspelling

l. T'he Structure of Signed Languages
1.1. American Sign Language

"A language is a set of principles relating meanings and phonetic
sequences' (Langacker, 1972:1). One type of phonetic medium is sound;
one way of conveying language is through speech. Until recently,
however, most linguists and researchers in the language sciences would
have gone beyond the characterization of sound as a possible phonetic
medium and would have insisted that more than being "merely one way
of conveying language, the sounds of speech are, instead, its common
and privileged carriers" (Liberman, Cooper, Shankweiler, and Studdert-
Kennedy, 1967:431).

It is certainly true that when linguists approach the study of
language, the data most readily at hand come from speech. Spoken
languages are all around us; sounds are undoubtedly a common way of
representing meanings. But are they privileged? Linguists must be
wary about making claims concerning language in general on the basis
of a particular language. For example, if we examined only English, we
might conclude that relatively strict word order is a property of all
languages. Cross-linguistic data are necessary in order to get a full
picture of the structure of language.

Just as important are cross-modal data. Linguists now recognize

another phonetic material through which languages can be conveyed.







2
Numerous natural languages exist which are represented in the visual-
gestural modality. Research has established that these signed lang-
uagest are fully independent of spoken languages and unique only in
that they are gesturally produced and visually received. The most
extensive research to date has examined American Sign Language (ASL),
the signed language used by deaf people in America (Bellugi and
Studdert-Kennedy, 1980; Grosjean and Lane, 1980; Klima and Bellugi,
1979; Siple, 1978; Wilbur, 1987).
For many years, signed languages were thought to be dependent
on spoken languages. In particular, ASL was considered to be merely a
derivative of English. One explanation for this misconception can be

found in the distinction between languages and modalities (Table 1.1).

Table 1.1. The Language/Mode Distinction.

Language Mode

English Speech (Spoken Language)
Spanish Writing (Written Language)
Cochiti Signing (Signed Language)
French

American Sign Language
French Sign Language
British Sign Language

Most natural languages are primarily spoken. Written languages

are usually characterized as secondary systems used to represent spoken
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languages in a written form, for particular purposes such as overcoming
the temporal or distance limitations of speech (Gelb, 1963).

Table 1.1 can be used to explore the relationships among languages
and their modes of representation. English, Spanish, and French, for
example, can be both spoken and written. Cochiti, like many of the
world’s languages, has no conventional written form. American Sign
Language no conventional spoken nor written form; its only means of
expression is through the signed modality.?

The important point to be made is that since spoken language was
for so many years viewed as primary and the written modality as
secondary, it was perhaps natural for linguists to suppose that the
signed modality was likewise used as only a secondary medium for the
representation of spoken languages. What must be recognized is that
the signed modality can serve as the primary medium for a set of
natural languages.

As for our understanding of the phonetic and phonological
structure of signed languages structure, the common belief for many
years was that signs, unlike the words of spoken languages, had no
internal structure. Signs were regarded as unanalyzable wholes. It was
not until the publication of the now-classic monograph, Sign Language
Structure (Stokoe 1960), that this conception was refuted. Stokoe
noted that signs, like words, do have a sublexical structure by demon-
strating that signs must be described in terms of three parameters: dez
(hand configuration), tab (location), and sig (movement). Stokoe
originally coined the term chereme for these sublexical units, but later

researchers pointed out that what was being described was the phono-
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logical structure of ASL and preferred to call them phonemes. Working
within Stokoe’s framework, researchers began in earnest to study the
phonology of signed languages (Battison, 1973, 1974; Battison, Marko-
wicz, and Woodward, 1975; Friedman, 1976; MclIntire, 1977; Wilbur,
1985).

As an example of how Stokoe’s three parameters can be used to
describe the phonology of ASL, it is instructive to consider several
minimal pairs. Varying only the handshape parameter, it is possible to
sign the minimal pair ONION and CHINESE. Varying only the location
parameter, we can s8ign the minimal pair CHINESE and BORING.
Varying only the movement parameter, we obtain the minimal pair
NAME and SHORT. A fourth parameter, orientation, was suggested by
Battison (1973; Battison, Markowicz, and Woodward, 1975). Varying
only the orientation parameter yields the minimal pairs TRAIN and
SHORT.

As research proceeded under this view of sign structure, linguists
began to notice that the structure of signed and spoken words differed
in one unusual way. Unlike spoken words, in which phonemes are
arranged sequentially in their underlying structure, the phonemes of
signs are simultaneously present. As Stokoe noted (1960:37):

The sign morpheme, however, unlike the morpheme or word

of a spoken language, is seen as simultaneously, not sequen-

tially, produced. Analysis of the sign morpheme then cannot

be segmentation in time but must be aspectual.

The different sublexical structure of signs and words -- simul-
taneous versus sequential -- was taken as evidence for how languages

are differentially structured by their modality (Bellugi and
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Studdert-Kennedy, 1980). Klima and Bellugi (1979:39) succinctly present
the argument:

Thus the lexical items of ASL and all other primary sign

languages we know of appear to be constituted in a different

way from those of spoken languages: the organization of

signs is primarily simultaneous rather than sequential. ASL

uses a spatial medium; and this may crucially influence its
organization.

Recent phonological research by Liddell and his associates (Liddell,
1984a, 1984b; Johnson and Liddell, 1984; Liddell and Johnson, 1986) is
calling into question this view of the exceptional phonological structure
of signs. Liddell argues that signs can be sequentially analyzed into

Movements (M) and Holds (H). For example, a sign such as LIKE can

be represented as a three segment (HMH) sign, as in Figure 1.1.

Segnents H n H |

|
firtic, Features LJ_'

Hand Config. B B |
Pt.of Contact | | ""_1
Facing ]'
b o b o —1

Orientation ,
s 5 U

Figure 1.1. Autosegmental Analysis of LIKE.
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The initial H segment is defined by several features; only the
handshape parameter (open-8) is shown. The same is true for the
final H segment; again, only the handshape parameter (8) is shown.
In Liddell’s analysis, autosegmental feature spreading would account
for the features which describe handshape portion of the M segment.

Liddell’s model of ASL phonology has been developed in great
detail. Presenting evidence from word formation and compounds, and
drawing on work in spoken language autosegmental phonology, he
convincingly demonstrates that the phonological structure of signs is
more similar to that of spoken words than was previously thought.

Sandler (1986) has proposed an alternative autosegmental model
of ASL phonology. In her model, the opposition is not between
movements and holds but between movements and locations, with
handshape on a separate autosegmental tier; holds are represented as
a binary feature of location. Sandler’s model offers perhaps a more
satisfactory explanation for the massive handshape spreading which
seems to occur in ASL signs. Her model further suggeste that holds
are not present in the underlying structure of ASL signs, but may
occur phonetically (list rhythm), phonologically (at utterance
boundaries), morphologically (aspectual inflections on ASL verbs
insert holds), and pragmatically (at the ends of conversational
turns) (Wilbur 1987).

Wilbur (1982, 1986) has argued for a model of ASL phonology
which incorporates syllables. In an early presentation of her model,
Wilbur (1982) used a hierarchical model of syllable structure based

on the work of Cairns and Feinstein (1982). A later model (Figure
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1.2) incorporated Liddell’s hold and movement segments (Wilbur 1986).
In addition, Wilbur (1987) has explored the possible relations of the
alternative model proposed by Sandler to a syllable structure of ASL,

but reports that these early investigations have so far not led to a

useful model.
Syllable
(%sﬁ’/\(ch@
| Nucleus ( = M) 1'
(Hold) (Hold)
//
P | 5y
(Pre-Peak) Peak (Post-Peak)
|
{Satellite)

Figure 1.2. Syllable Model of ASL (from Wilbur, 1986),

Finally, Wilbur (1987) has insightfully brought out the relation
between location (holds or target positions) and movement. She points

out that path movement (as opposed to hand internal movement such as
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handshape change, flutter, wrist movement, and elbow rotation) is really
a change in location. Thus, location and path movement are in direct
opposition to each other because one is the dynamic counterpart of the
other. Similar oppositions can be noted for handshape and orientation.
Handshape change can be analyzed as the dynamic counterpart of hand-
shape; likewise, orientation changes such as wrist movement or elbow
rotation can be analyzed as the dynamic counterpart of orientation.

Wilbur extends this analysis by noting that reduced dynamic forms
also exist. For example, the tremored finger bend (flutter) used in the
sign WHO can be analyzed as a reduced dynamic form of handshape
change. Reduced dynamic forms also exist for location (tremored
contact, as in KNOWLEDGE) and orientation (tremored wrist or elbow
movement, as in LIGHT-YELLOW). Table 1.2 below gives Wilbur’s full
analysis.

Parallel to the work on ASL phonology has been research on the
phonetic level of sign formation, particularly the search for distinctive
features. Most of the work on this area has focussed on the handshape
parameter.

In an early approach growing out of a study on sign diglossia,
Woodward (1973a) defined 10 features which could be used to describe
40 handshapes. Woodward’s distinctive feature system is given in Table
1.3 below.

Lane, Boyes-Braem, and Bellugi (1976) described a distinctive
feature system which was tested empirically by having deaf subjects
view videotaped presentations of handshapes which had been masked

electronically with wvisual noise. The results were analyzed using
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clustering techniques similar to those used in studies of spoken
language phonetics. Their set of 11 distinctive features is described in

Table 1.4 below.

Table 1.2, Phonologically-related Static, Full Dynamic, and Reduced
Dynamic Forms (from Wilbur, 1987).

Static Full Dynamic Reduced Dynamic
Handshape Handshape Change Flutter/Repeat Bend
Location Location Change Tremored Contact
Orientation Orientation Change Tremor(Wrist/Elbow)

Kegl and Wilbur (1976) used Lane and his colleagues’ system to
devise a set of distinctive features based on articulation, perception,
and theoretical descriptive utility. Their system included two features,
[extended] and [closed], to describe maximally opposed handshapes.
Table 1.5 below shows how these two features are used to describe a
set of minimal feature specifications.

Finally, Mandel (1979, 1981) presented a detailed distinctive
feature system including natural constraints imposed by anatomy in his
discussion of phonotactics and morphophonology in ASL. An important
concept introduced by Mandel was the grouping of handshapes based on

the selected fingers and the unselected fingers. The selected fingers
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can be in any configuration but they must all be in the same configur-
ation. The unselected fingers may only be all extended or all closed.
The grouping of handshapes by selected and unselected fingers serves
to provide a foreground and background, or a figure and a ground,
which, Mandel suggested, may facilitate perception and production.

In a psycholinguistic study of identification and discrimination of
ASL handshapes, Stungis (1981) found that while binary models could be
supported, a model in which handshape features varied continuously in
two dimensions was more consistent with the data. The two-
dimensional model proposed by Stungis used the features [extension] and
[uniform breadth]). Defined in terms of production, as handshapes
decrease in [extension] digits fold toward the palm of the hand; in
perception, the perimeter of the image of the hand shrinks. Defined in
terms of production, as handshapes decrease in [uniform breadth], motor
commands to the five fingers are more various; in perception, the image
of the hand appears less symmetrical about the middle finger.

Noting the similarity between this model of continuously variable
visual distinctive features for handshape and models of acoustic distinc-
tive features such as that of Repp (1977), Stungis (1981:273) concluded
that "the same process of complex pattern recognition seems to extend
across the linguistic experience of subjects and the sensory modality of

stimuli."
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Table 1.3. Woodward’s (1973a) Handshape Distinctive Feature System.

Distinctive -

feature S E O CB 4 T AABB, 55 5GXDGGL
Closed + H o= == ot A m e m o= o= ok F o= o F
Thumb = = = = = = = % & + + + - - - + + +
Spread S R e A H e & A A e m e A e
Bent SRBES N ST SR T R R SR S
Fore - - = 4+ + + + = =+ + + + 4+ + + + + + +
Mid - = =+ + + = = =+ + 4+ + = = = = = = -
Ring P T R e S L e
Pinky SR R R S P FE P S = e =
Gontact: = &+ F == & i @A = = o m o= o =) =
Crossed’ = = = w0 = & 5% = aa s o momm &y oaw = e s =
Distinctive

feature I Y %¥ % 7 8 HN VR 3 KMW 6 F, 9 F M N,
Closed + + + + - =+ + ++ + + + + -+ - + + +
Thumb - + = + = = = = = = 4+ = = = = = = = = =
Spread -+ =+ + + = =+ = F + =+ = =+ + = -
Bent Lo W oA & S A E o = e e e
Fore - =+ + + + + + + F + A+ A+ A+ F - - -+ o+
Mid - = = = = 4+ 4+ 4+ + + + + + + + + + + + +
Ring B O O i - B T e
Pinky + + + + 4+ + - =R e S R
Contact - - - = + + = = = = = - - + + + + + - -
Crossed - = = = = = = = = 44 = + = = = = = = + +
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Table 1.4. Lane, Boyes-Braem, and Bellugi's (1976) Distinctive Feature
System.
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Table 1.5. Minimal Features Based on Kegl and Wilbur’s Distinctive
Feature System (from Wilbur 1987).

[+ extended, + closed]
[- extended, - closed]
[+ extended, - closed]
[- extended, + closed]

NWwono

1.2. Fingerspelling

Signs are only one means of representing meanings in the visual
medium. Signed languages often incorporate a kind of manual alphabet
called fingerspelling. Fingerspelling is often used for verbatim repre-
sentation of English words, phrases, or sentences. It is also used to
convey personal names, place names, names of months and holidays, and
words for which no conventional signs yet exist such as technical
English vocabulary. Fingerspelling is sometimes used to convey slang
expressions (N-O W-A-Y), and acronyms or other abbreviations (N-M
'New Mexico’, N-M-A-D ’'New Mexico Association of the Deaf’).?
People who closely follow English syntax in their signing frequently
fingerspell certain English function words, such as prepositions (O-F,
T-0), participles (B-E-E-N), and pronouns (H-E, S-H-E).

Fingerspelling can also be incorporated into an otherwise ASL
utterance in a manner analogous to code-switching. Like the use of
code-switching in spoken languages, this use of fingerspelling is often

done for stylistic purposes. A famous example comes from a 1918 film
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of George Veditz, a deaf man, deaf educator, and President of the
National Association of the Deaf. This film, "The Preservation of Sign
Language,” was made at a time when oralism was flourishing in Europe
and just beginning to make an impact on American deaf education.
Oralists condemned the use of signing and deaf teachers in the
education of deaf children. Veditz makes a powerful and impassioned
plea for deaf people to preserve their signed language. Speaking of
oralists, he says, in quite eloquent ASL, "A new race of Pharaohs that
knew not Joseph is taking over the land and many of our schools.
They say that signing is worthless and of no help in the education of
the deaf." Next, entirely in fingerspelling, he proclaims, "Enemies of
sign language, they are enemies of the true welfare of the deaf." The
impact which results both from the juxtaposition of ASL and English,
and the stylistic device of fingerspelling the entire sentence, is
dramatic.

Fingerspelling systems differ by country and by the signed
language with which they are associated (Van Cleve, 1987). The
American manual alphabet, a one-hand system, is shown in Figure 1.3.
Great Britain and Yugoslavia use a two-hand fingerspelling system. In
Denmark, in addition to fingerspelling, the more frequently used Mouth-
Hand System is based on syllabic representations of spoken Danish
(Padden and Le Master, 1985; Van Cleve, 1987). There are also systems
for representing non-alphabetic symbols such as hand representations of
Chinese characters.

A discussion of fingerspelling again raises the issue of languages

and modalities for representing languages. Recall that there are three
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primary modalities: spoken, written, and signed. In order to understand
the complex relations among languages and modes, it is instructive to
look at how languages which are primarily associated with one modality

can be represented in another modality.

afhadeh
EeLL &
cefmg R

.\.

Figure 1.3. American Manual Alphabet (from Wilbur 1987).
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If one were to ask what design questions would need to be con-
sidered if one wanted to represent a spoken language in the written

modality, the answer might take the form of Figure 1.4.

! What | Where
| )
I ' Invented
Words T
(Morphemes)

't
g

Y
Borrowed

Figure 1.4. Design Features.

The first design question that must be considerec is, "What will be
represented in writing?" A possible answer to this question is that
words will be represented. One language that answers the design
question this way is Chinese. Another possibility is to represent
syllables in written form; Japanese opts for this solution. Finally,
sounds may be represented; English, as well as the many other lan-

guages that use alphabetic writing, has chosen this method.
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The second design question concerns the origin of the written
marks. A range of solutions is possible, from outright invention of new
"marks"” -- orthographies -- to borrowing existing systems.*
The same design questions can be applied to the question of how
a primarily spoken language such as English can be represented in the
signed modality. The only difference relates to the second design
question: the "marks" in this case are signs. Generically, these systems
of representing knglish in the signed modality are called Manual Codes
for English or Manually Coded English (MCE). Some typical solutions
to this design problem are Signed English (Bornstein et al., 1973),
Seeing Essential English (Anthony, 1971), Signing Exact English
(Gustason, Pfetzing, and Zawolkow, 1972), Linguistics of Visual English
(Wampler 1971), and Cued Speech (Cornett 1967). The inventors of
Signed English, for example, have chosen to represent words (and
morphemes) of English, and to borrow extensively from ASL as their
source of signs. Thus, the Signed English word for "experience' is
borrowed from the ASL word EXPERIENCE. While this procedure of
borrowing heavily from ASL for the stock of signs results in similar
forms for ASL and Signed English words, it does not ensure that the
semantics of the two are the same. In English, "experience" can be
used in both a positive and a negative sense, but the ASL word
EXPERIENCE carries only a negative connotation. In some instances,
the question of where to obtain the stock of signs is more complex.
For example, the developers of the Signed English have chosen to
represent both morphemes of the English word "development” in Signed

English. ASL can be used as the source of the morpheme '"develop”,
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but there is no single morpheme in ASL which corresponds to the
English morpheme "-ment'".s Therefore, a sign for the morpheme
"-ment” had to be devised.

The same design question can be used to understand how a writing
system for ASL could be developed. Although many systems have been
proposed, none have become established within the deaf community.
Some were attempts at developing phonetic transcription systems
(Stokoe et al, 1965; Liddell and Johnson, 1986). A more recent
approach (Mclintire et al, 1987) attempts to develop a true phonemic
writing system.

Placed in this framework, fingerspelling is distinctive because it is
a tertiary system. That is, fingerspelling is a signed representation of
written English, which is itself an alphabetic solution to the represen-
tation of a spoken language. As will be shown in section 2 below,
many models of fingerspelling stop at this simple, historical/functional
characterization. An important point to keep in mind, though, is that
while this accurately describes the origins of fingerspelling, it may not
provide a valid characterization of how fingerspelling is learned by deaf
children who are also acquiring ASL as their native language, how deaf
or hearing adults perceive fingerspelling, or how fingerspelling produc-

tion is organized as a skilled motor activity.

1.3. Lexical Borrowing
Lexical borrowing is a process in which words from a foreign
language are incorporated into another language, typically with exten-

sive restructuring to make the foreign word more closely resemble the
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form of a native-language word. Along with this phonological restruc-
turing, the semantics of the borrowed word is often modified, so that
the resulting word has either a more limited or a wider scope of
meaning (Burling, 1970; Fromkin and Rodman, 1974; Hudson, 1980).

An extensive discussion of lexical borrowing in ASL as been given
by Battison (1978). Battison demonstrates that fingerspelled English
words often become ASL signs in a process which he compares to
lexical borrowing in spoken languages. When this happens, the
fingerspelled word is restructured according to the phonological
processes at work in ASL; frequently, the semantics of the resulting
loan sign are also different than the original, English word. A few

ASL loan signs are given in Table 1.6.

Table 1.6. American Sign Language Loan Signs.5

Loan Sign English Origin Meaning

#DO-I0O do "What's Happening?"
#ALL(a) all "All things on a list"
#ALL(b) all "All of an object"
#S0O so "So what?" (sarcastically)

It is important to note that at the time Battison was writing, the
prevailing conception of ASL phonology was still that signs were simul-

taneously organized. Fingerspelling, since it is a representation of
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written English letters, is sequential. Thus, the phonological restruc-
turing of fingerspelled words as they are assimilated into ASL was seen
as a process which maps a sequential underlying structure onto a
simultaneous one. The precise nature of this sequential-to-simultaneous
mapping was never adequately explored. In light of what is now known
of ASL phonology, a critical re-analysis of the loan sign data is in
order. Such a re-analysis might begin by examining how the sequences
of fingerspelling are mapped onto the sequences of sign segments
(Movements and Holds) during lexical borrowing. For example, it seems
that the fingerspelled word A-L-L becomes a three segment (HMH) loan
sign when it is incorporated into ASL as the loan sign #ALL.” The "A"
fingerspelling handshape is associated with the initial H segment; the
"L" fingerspelling handshape is associated with the final H segment.
Autosegmental feature spreading would account for the featural details
of the opening gesture associated with the M segment. Figure 1.5
below shows this analysis using the diagrammatic conventions employed

by Liddell.

2. Research on Fingerspelling
2.1. Background

The lack of a satisfactory exjloration of the sequential-to-simul-
taneous mapping process in lexical borrowing which was discussed above
is indicative of a widespread assumption in the field of ASL linguistics
that the study of fingerspelled words has little to tell us about the
structure of signed words. Until the recent studies of sequentiality in

ASL phonology, all indications were that signed words differed vastly
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from fingerspelled words (and spoken words) in their sublexical
organization. It now seems that signed words, spoken words, and
fingerspelled words may have a much more similar sublexical structure
than was previously thought. An understanding of the structure of
fingerspelling can indeed offer insights into the phonological structure

of signed languages.

Segnents H no H
arc r
frtic, Features . |
Hand Confiy. i f |
- - — S eEs
P, of Contact _]
. ke s
Facing
L s ] e e _%
Orientation
TR

Figure 1.5. Autosegmental Analysis of the Loan Sign #ALL.

People generally have no problem thinking of signing and finger-
spelling in similar terms: they are both examples of producing language

in the signed modality. The same is not true, however, for fingerspell-
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ing and speaking. Even though both systems are sequentially organized,
fingerspelling seems quite different from speech. First of all, finger-
spelling and speech differ in modality. Moreover, as was mentioned
above, fingerspelling can actually be considered a tertiary system, a
signed representation of written language. Some scholars have sug-
gested that fingerspelling is more like English cursive handwriting than
English print, since in handwriting, as in fingerspelling, the letters are
smoothly produced in one long, continuous flow.

It is possible, however, as the studies to be reported in Chapters
Four and Five will suggest, to apply concepts and techniques derived
from recent investigations of speech to the examination of the struc-
ture of fingerspelling. In short, the phonetics of fingerspelling and of
speech can be studied in terms of kinematic and temporal variables
common to both.

The following sections review pertinent research literature on the
structure and acquisition of fingerspelling, with a view towards

identifying gaps in our knowledge which the present study will address.

2.2. Fingerspelling as a Research Tool

ASL researchers typically make only passing reference to finger-
spelling. Some researchers have used fingerspelling as a research tool
to study, for example, language perception or deaf children’s reading.
Few of these investigations directly examined the phonetic or phonolog-
ical structure of fingerspelling. Nevertheless, some information about

the structure of fingerspelling can be gleaned from such studies.
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Zakia and Haber (1971) report a study which examines the
processing of sequential letter and word recognition in deaf and hearing
subjects. Two significant pieces of information can be derived from
their study. First, they found that the normal rate for fingerspelling
words to a proficient reader was about 200 milliseconds per letter
(1971:111). Second, their results suggest that:

In reading fingerspelled words a highly experienced reader is

not attending to the individual letters, but rather the total

pattern of the finger configuration, or at least enough of

that pattern to identify the word. Fingerspelling teachers

recognize that those persons who attempt to form a word by

identifying each letter of a word never gain proficiency in

reading fingerspelling (1971:114).

Richards and Hanson (1985) conducted a study designed to examine
the visual (perception) and production similarity of the 26 letters of the
American manual alphabet. Forty deaf college students were asked to
base judgments of handshape similarity on either visual characteristics
or aspects of manual shape production. Results indicated that visual
and production similarity for the handshapes were essentially the same.

In a study by Locke and Locke (1971), deaf and hearing children
were asked to recall lists of letters paired on the basis of phonetic
(acoustic), visual, or dactylic similarity in an attempt to discern their
coding strategies. Results showed that hearing children tended to code
phonetically, while deaf children with unintelligible speech seemed to
code dactylically.

Finally, Hanson, Liberman, and Shankweiler (1984) reported a study
which found that deaf children who were classified as good readers

used both speech and fingerspelling codes in short-term retention of

printed letters, while deaf children classified as poor readers did not
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show influence of either of these linguistically based codes in recall.
Thus, although the children’s language system (in this case, English)
was accessed by different modalities, signed versus spoken, both seemed

to facilitate reading success.

2.3. Models of Fingerspelling

Most discussions of fingerspelling rely on a simple model which
characterizes fingerspelling as a correspondence of handshapes with the
printed letters of English words. According to this model, the produc-
tion of fingerspelling consists of the serial transmission of static
handshapes. Although fingerspelling unquestionably functions at some
level in this fashion, the model is wholly inadequate for understanding
how fingerspelling is acquired, and fluently produced and perceived. In
actual use, fingerspelling is presented in rapid and fluid succession.
With the possible exceptions of the beginnings and endings of words,
there seems to be no point at which the hand is fully static. The
overall effect of fingerspelling is a smooth flow from one handshape to
another, resulting not in a series of discrete signals but in one
continuous signal. The individual handshapes in this signal influence
each other in a way analogous to the way that the sounds which
comprise a spoken word affect each other.

Klima and Bellugi’s (1979:38) description of fingerspelling touches
not only on the inadequacies of a simple model of fingerspelling, but
also on the relation between the phonological structures of fingerspell-

ing and signed languages.







An internal organization of lexical units like that in spoken
languages —- basically sequential segments constituting lexical
forms -- is possible in the visual-gestural mode and in fact
exists in systems of fingerspelling. In the American manual
alphabet, for instance, the letters of English words are
represented by distinct configurations of the hand, and
meaningful units (English words as represented by their
letters) are conveyed by sequences of these configurations.
The fingerspelled word D-E-C-I-D-E, for instance, is
composed of six configurations of the hand in sequence. In
the hands of a proficient signer they are produced rapidly,
presenting a continuous signal and influencing each other in
production -- as do the sounds that make up a spoken word.
Thus, though a fingerspelled word is realized as an uninter-
rupted flow (the signal), like a spoken word it has as its
underlying structure a sequence of discrete elements. But
fingerspelling is a derived, secondary gestural system, based
on English.

Klima and Bellugi recognize that the rudimentary description of
fingerspelling as "distinct configurations of the hand" representing an
underlying structure of discrete elements must be refined in order to
accurately model the structure of fingerspelling as it is actually
produced. ['hey do not, however, attempt to go beyond this rudimen-
tary description. In addition, Klima and Bellugi place their discussion
of fingerspelling within the context of the issue of sequentiality versus
simultaneity in signed languages. Their conclusion is that since
fingerspelling is sequentially produced and signs are primarily simul-
taneously produced, the study of fingerspelling holds little promise of
contributing to our understanding of sign structure. Finally, Klima and
Bellugi relegate fingerspelling to a secoriary gestural system based on
English. Bornstein (1978:338) expresses much the same view of
fingerspelling.

Technically, the manual alphabet is not a Sign system. It is

really a variant of English print. Nevertheless, any reason-

able degree of skill requires one to function at a word rather

than a letter level. To read at a comfortable rate of
transmission one must be able to see words and sometimes
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brief phrases. When sending, there is usually no conscious
awareness of the individual letters.

Although Bornstein acknowledges that skilled performance of expressive
and receptive fingerspelling requires the user to operate at a word
level, he does not consider that a more linguistically sophisticated
model of fingerspelling than "a variant of English print" would further
our understanding of fingerspelling production and comprehension.
Likewise, Tweney (1978:100) stops short of providing an adequate model
of fingerspelling in his claim that "sign systems differ markedly from
fingerspelled encodings of wvocal languages, in which an alphabet is
represented by hand gestures. . . . Such systems are not sign languages
but, rather, manual encodings of vocal languages.” Leaving aside the
ambiguity of the term "sign languages" -- fingerspelling is, indeed, a
signed language -- Tweney is undoubtedly correct in saying that
fingerspelling (indirectly) represents a vocal language. The point is
insufficient, however, since it tells us very little about how fluent
fingerspelling is phonetically structured, produced as a coordinated
motor skill, and fluently perceived.

Like Bloomfield’s (1933:21) characterization of writing as a
secondary system for representing spoken English, the net effect of
these views of fingerspelling has been to draw attention away from
what was considered the linguistically less important derived system in
favor of studying the primary system. The result has been that in
comparison to ASL, fingerspelling -- its phonetic and phonological
structure, acquisition, production, and perception -- has received little

attention from ASL linguists and psycholinguists.
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A notable exception is the work of Akamatsu (1982, 1985).
Akamatsu notes that the traditional, cipher model of fingerspelling, in
which one hand configuration is associated with each letter of the
alphabet, is inadequate to describe actual fingerspelling usage and
acquisition data. She proposes an alternative model in which a
movement envelope encloses the space in which a word is fingerspelled.
The shape of the envelope at any given moment is determined by the
hand configuration being produced; changes in hand configuration cause
the envelope to expand, contract, or otherwise change shape. Move-
ment envelopes for various fingerspelled words are shown in Figure 1.6.
Akamatsu found support for the movement envelope model from
deaf children’s acquisition of fingerspelling. She grouped a corpus of
data from children aged 3;8 to 5;2 into three types: imitations, spon-
taneous utterances with clear hand configurations, and spontaneous
utterances with unintelligible hand configurations. The children’s
imitations, although inaccurate compared to adult forms, retained a
general gestalt of the word. Akamatsu states that (1585:128):
the HCs [hand configurations] differ, but the gross opening
and closing movements of the hand are preserved. Initial
and final HC segments are likely to be copied correctly.
Spontaneous utterances containing clear hand configurations pre-
served not individual hand configurations but whole words as repre-
sented by their envelopes; the resulting fingerspelled words often did
not resemble English words (see Figure 1.6). The final type of
utterance could be understood as words even though the individual hand

configurations were not clear. These words were similar to the second
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type of word except that the children fingerspelled the entire word

very rapidly.

Target Child

DOG d;" = DG =

OKOK 'M = 0101 -ﬂ -

CRIB - E CE5B l-\--/-(- g ]_

TRAFFIC

Figure 1.6. Movement Envelopes (from Akamatsu, 1985).

Akamatsu’s work is an important advance over the traditional,
cipher model of fingerspelling. In its present formulation, however, her
movement envelop model offers only a limited discussion of the

kinematic and temporal details of fingerspelling movement. The next
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question might be: In production, how do signers put letters into
envelopes; in perception, how do receivers extract letters from en-

velopes?

2.4. The Production and Perception of Fingerspelling

The nature of the models that are used to characterize finger-
spelling is important in many ways. One way is the predictions that
the models make about the production and perception of fingerspelling.

A simple, cipher model of fingerspelling, for example, represents
fingerspelling as the serial transmission of static handshapes cor-
responding in both the producer’s and the receiver’s conception to the
printed letters of the English alphabet. This model makes no prediction
regarding the shape of the resulting movement envelope, nor the
existence of transitions between handshapes. According to this model,
the total production and perceptual content of a fingerspelled word is
the sum of the individual letters.

Alternatively, a model of fingerspelling which incorporates
movement envelopes as does Akamatsu's, and which recognizes the
dynamic character of actual fingerspelling, suggests that learning to
fingerspell would involve learning both the static hand configurations
and the set of possible transitions. Such a model would further predict
that in production and perception, the significant organizing unit is
likely to be not the individual letter but some more abstract unit which
incorporates both handshapes (locations or targets) and the transitional

movements between them. In short, according to this model, the total
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production and perceptual content of a fingerspelled word is more than
the sum of the individual letters.

Padden and Le Master (1985:168) explicitly adopt the assumptions
of such a model in their study of deaf children’s acquisition of
fingerspelling.

When learning to fingerspell, the young child needs to master

several sets of skills. First, each of the 26 hand configura-

tions . . . must be mastered. The characteristic positioning

of the hand in a fixed central location for executing the

sequence of handshapes must also be learned. And finally,

the child needs to learn the set of possible transition

movements from one hand configuration to the next.

Moreover, such a model predicts that deaf children’s early produc-
tion of fingerspelling will not be organized in terms of letters, but in
terms of complex, holistic movements which are only later differen-
tiated into individual letters. As will be shown in the next section,
this is precisely what is found in deaf children’s acquisition of finger-
spelling.

A study by Hanson (1981) directly addresses the perception of
fingerspelling as whole words versus individual letters. In her experi-
ment, sixty fingerspelled words were presented to skilled deaf signers
of American Sign Language. Half were real words ranging in length
from five to thirteen letters. These words were matched by length
with 30 nonwords. Twenty of these were pseudowords such as
BRANDIGAN and CADERMELTON; two were impossible English words
such as FTERNAPS and VETMFTERN.

Hanson asked her subjects to view and recall the stimulus items.

Analysis of the results indicated a difference in ability to receive and

report words, pseudowords, and non-words. These results suggested
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that "words and pseudowords were not processed as individual letters.
Rather, processing of a given letter was influenced by other letters of
the item" (Hanson 1981:178). Impossible words, on the other hand, did
seem to be processed as individual letters.

One factor influencing the perception of fingerspelling may be

speed, although Ilittle empirical data are available on fingerspelling
speed. As noted previously, Zakia and Haber (1971) reported an
average rate of 200 milliseconds per letter. Bornstein (1965) reported
that the natural fingerspelling rate for ASL signers is about 354 letters
per minute, or 169 milliseconds per letter. In Hanson’s (1981) study of
fingerspelling perception, her stimulus materials were produced by a
deaf native ASL signer at an average rate of 369 letters per minute
(163 milliseconds per letter) for words and 339 letters per minute (177
milliseconds per letter) for non-words. Battison (1978) reported a
typical rate of 6 letters per second (167 milliseconds per letter).

It seems clear, however, that more than speed is involved in the
proficient production and reception of fingerspelling. Akamatsu (1982)
noted, for example, that when adult signers are asked how to learn to
comprehend fingerspelling, they emphasize paying attention to the
shape. Akamatsu reported that fingerspelling by deaf adults is often
unintelligible when broken down into individual segments, yet perfectly
intelligible when taken as a whole. A concern with shape, movement
envelopes, whole words, or some other unit which is "more than the
sum of its parts" is widespread in the literature on fingerspelling

production and perception.
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2.5. Learning to Fingerspell

These considerations about how the production and perception of
fingerspelling are organized become critical when we examine the
acquisition of fingerspelling, whether we are studying first language
acquisition by deaf children or second language acquisition by hearing
adults.

Researchers are only now beginning to study children’s acquisition
of fingerspelling. What little evidence is currently available about the
acquisition of fingerspelling suggests that children initially conceive of
fingerspelled words as complex signs. Only later do these two types of
"signs" -- fingerspelled words and actual signs -- diverge into two
distinct systems in the child’s grammar. As we have seen, Akamatsu
(1985) called this complex "sign" a movement envelope. She goes on to
note that children reproduce the gross features of the envelope before
they recognize the individual letters. Akamatsu reports a stunning
example of this (1985:131). A deaf native signer told Akamatsu that
when he was a child, his mother did the grocery shopping at a Safeway
store. As a child, he saw his mother fingerspell "Safeway"” often and
could produce a gestalt of the word; in Akamatsu’ model, he was
producing a movement envelope (see Figure 1.7). One day, when he
was about nine, he realized that this word could be broken down into
the English words SAFE and WAY. When he tried fingerspelling it, he
realized that the hand configuration pattern that his mother had been
using was in fact S-A-F-E-W-A-Y and that he had been producing an
approximation of it for years. His perception and production of

S-A-F-E-W-A-Y had for years been in terms of a form, a word, in
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which the internal structure referred not to individual English letters
but to a movement pattern. This suggests a model of fingerspelling
structure in which each fingerspelled word is a complex "sign". Like an
ASL sign, the fingerspelled word will have an internal structure

consisting of segments, but the segments will not correspond in the

learner’s grammar to English letters.

. T e Y

Figure 1.7. Movement Envelope for SAFEWAY (from Akamatsu, 1985).

This view is supported in Padden and Le Master’s (1985) of deaf
children’s acquisition of fingerspelling. Examining acquisition data
collected from six deaf children at ages varying from 2;3 to 7;11, they
found evidence to suggest (1985:166) that deaf children "construct a
theory about how fingerspelling works in ways independent of English
orthography and morphology." Attempts by young children to produce
fingerspelling all involved a sequence of at least three hand configura-
tions. For example, when a young child was asked for her name, she

fingerspelled E-U-B; when asked for her dog’s name, she fingerspelled
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U-B-A. Often in early fingerspelling, only the initial letter was
distinct; the following letters were not articulated, but the overall form
of the child’s imitation closely resembled true fingerspelling.

Very little research has been devoted to hearing adult’s second
language acquisition of fingerspelling. Guillory (1966) was one of the
first to recognize that the traditional model of fingerspelling as a
simple handshape/letter correspondence was not conducive to effective
second language learning of fingerspelling. As she noted (1966:1):

An old and common approach to fingerspelling was that the
interested hearing person obtained a manual alphabet card,
from which he learned the twenty-six different hand posi-
tions that represent the letters of the alphabet. Then he set
about spelling out words letter by letter. With constant
practice this person eventually learned to spell and see
words, but, in many instances, others using this method
continued to spell out each word and see only letters, never
whole words, when reading fingerspelling.

A simple comparison of first- and second-language acquisition of
fingerspelling is revealing. For children acquiring fingerspelling, the
problem seems to be to learn that fingerspelling corresponds to English
orthography. Their initial hypothesis is that fingerspelling is a complex
"sign". It is only later in their development that children begin to
conceptualize fingerspelling as a correspondence with English written
letters. For adult learners, the opposite is the problem. They must try
to forget that the units of fingerspelling correspond to individual
letters and must learn instead to perceive fingerspelling as whole
words. Guillory’s approach was to present students with fingerspelled
representations of common English phonetic combinations, such as A-B,

A-S, I-M, Q-U-E, and so forth in rapid and repetitive drills until the

students learned to see these sequences as holistic gestures. This
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approach is still one of the most popular methods for teaching adults
how to fingerspell. Variations of Guillory’s approach form the basis for
many fingerspelling activities currently used in second-language

classrooms (Mowl, 1983).

2.6. Fingerspelling Fluency

No empirical research exists examining fingerspelling fluency. The
production of fingerspelling is usually described only in subjective,
anecdotal terms, and even then only the grossest features receive
attention. For example, signed language and interpreter educators often
speak of "staccato"” or "jerky" fingerspelling; fingerspelling can also be
produced too smoothly, with not enough definition between the letters.
A common misconception among fingerspelling students is that fluency
correlates with speed. This is certainly not the case, however, and
often leads students to develop poor fingerspelling skills. The relation
between speed and fluency in fingerspelling is apparently quite com-
plex. Some native signers fingerspell rather slowly, yet we would
surely judge them to be "fluent"; others may fingerspell quite rapidly,
vet their production is fluent and easy to perceive.

Factors such as evenness or rhythmicity of movement and
coordination among the individual articulators are likely to be important
in the fluent production of fingerspelling. Until they are studied and
described in precise and quantifiable ways, however, our understanding

of what constitutes fluent fingerspelling will remain elementary.







2.7. Coarticulation in Fingerspelling

Daniloff and Hammarberg (1973) offer a concise definition of
coarticulation. According to them (1973:239):

The notion of coarticulation presupposes the existence of

segments, i.e. canonical forms of articulation. Coarticulation

results from the interaction of these canonical segments by
means of a mechanism ... which might involve "feature
spreading', i.e. the spreading of a feature inherent to one
canonical segment to another segment to which the feature is

not inherent. The result of this process is a "smoothing out"

of the transitions between the segments and thus turns a

sequence of entities into a continuum.

Daniloff and Hammarberg (1973) assume that these canonical
targets are represented at some level as invariant, ideal forms. These
targets serve as input to an articulation mechanism which is charac-
terized by mechano-inertial, anatomical, and neurological constraints.
Articulatory movements are the output of this articulation process.

Two types of coarticulation have been described: left-to-right or
carry-over coarticulation, and right-to-left or anticipatory coarticula-
tion. The English word ’spoon’ can be used to illustrate both types
(Daniloff and Hammarberg, 1973). In their canonical forms, /s/, /p/,
and /n/ do not have lip-rounding; /u/ is specified for lip-rounding.
When the word 'spoon’ is spoken, however, lip-rounding occurs in all
segments. Thus, anticipatory coarticulation occurs for the segments /s/
and /p/, while carry-over coarticulation appears on the segment /n/.

Both types of coarticulation can appear in fingerspelling. For
example, the fingerspelled letter A is not specified for movement; the
fingerspelled letter Z is made with a zigzag movement. When the word

M-A-Z-E is fingerspelled, the movement of the Z spreads into the A

segment. Thus, anticipatory coarticulation of features associated with
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the letter Z is modifying the canonical form for the letter A. Like-
wise, the fingerspelled letter H is a two-fingered handshape; E is
canonically represented as a four-fingered handshape (the four fingers
resting on the thumb). In the fingerspelled word H-E, the letter E is
often made as a two-fingered handshape. In this example, carry-over
coarticulation from the featural specification of the letter H modifies
the articulation of the letter E.

Evidence for coarticulation in fingerspelling has been described
only sparsely in the literature on fingerspelling. For example, Richards
and Hanson (1985:319) mention in passing that "in skilled fingerspelling,
letters of words are neither produced nor recognized as isolated letters.
Rather, one finds evidence for coarticulatory effects in production.”

The most extensive discussion of coarticulation in fingerspelling
appears in the work of Reich (Reich, 1975; Reich and Bick, 1976, 1977).
Reich described several instances of the phonological restructuring of
fingerspelling such as is found in carryover and anticipatory coarticula-
tion. For example, Reich (1975) noted that Z2-fingered and 4-fingered
features can spread in both directions. The wrist twist of /g/ and /h/
also tends to affect both preceding and following letters. Other
features were changed in one direction or another. For example, Reich
describes forward assimilation (carry-over coarticulation) occurring with
thumb-tuckedness, wrist-bentness, finger-outness, and
finger-and-pinkie-togetherness.? Thumb-outness, finger-apartness, and
thumb-pinky-togetherness appear to undergo backward assimilation
(anticipatory coarticulation). This line of research is important because

it suggests that the same principles used to study the phonetics and
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phonology of sound-based languages can be brought to bear on the
study of signed language. The issue of coarticulation makes it clear
that the correspondence of handshapes with English print is far from
the most significant factor structuring fingerspelling. Notions of

segmentation such as targets and transitions intrinsic to the phonologi-

cal structure of fingerspelling must be developed and studied in fine
phonetic detail. As Reich noted: "we find the same phenomena in

fingerspelling that we find in the phonology of vocal speech" (1975:353).

2.8. Kinematics, Dynamics, and Articulatory Movements

"Motion may be defined as a continuous change of position" (Sears
and Zemansky, 1949:51). Kinematics is the study of the motion of an
object without regard to the forces acting on it; the study of motion
which considers the forces which cause the object’'s motion is called
dynamics (Meirovitch, 1985).

It should be noted that the word "dynamic" does not always refer
to dynamics in this technical sense. Often, the term is used in a lay
sense merely to mean that something is moving or changing. Previous-
ly, for example, it was noted that Wilbur (1987) characterized sign
movement as static, reduced dynamic, and fully dynamic. Used in this
sense, "dynamic" does not refer to dynamics -- the study of motion in
terms of the forces acting on a moving body -- but to the fact that
the handshape, location, or orientation of the sign is changing.

The two fields, kinematics and dynamics, are related in a way

analogous to the distinction between phonetics and phonology.
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What are the essential control structures that govern the
patterning of articulator motion in space and time? . ..
Obviously there are many surface features of a movement
that one might propose as significant candidates for con-
trolled variables. What then, fashions the constraints on the

choices one makes? . . . [D]ynamics can be viewed as the
simplest and most abstract description of the motion of a
system. . . . [Klinematics provides a surface description of

the movements of a system which are generated from a given
type of dynamical organization (Kelso, 1986:109-110).

Kinematics describes the surface structure of observed motion, while
dynamics describes the system -- the underlying structure -- which
accounts for these observed motions. "Relations among Kkinematic
variables are useful to describe the space-time behavior of articulators,
but it is dynamics that cause such motions'" (Kelso, Vatikiotis-Bateson,
Saltzman, and Kay, 1985:275). Just as phonological structure must be
inferred from phonetics, it is also possible "to infer the structure of
the underlying dynamics from the kinematics of articulator motions
during either discrete or rhythmic tasks" (ibid.).

Kinematics and dynamics can be readily related to speech by
studying the motions of articulators. Early kinematic studies of speech
used cineradiography to examine, for example, tongue movements (Kent,
1972; Kuehn and Moll, 1976); later techniques such as ultrasound were
adapted to provide a look at speech movements (Parush, Ostry, and
Munhall, 1983). Finally, Kelso and his associates have used sophis-
ticated motion tracking techniques similar to those described in Chapter
Three in several studies of speech articulatory movement (Kelso and
Tuller, 1984; Kelso, Vatikiotis-Bateson, Saltzman and Kay, 1985; Kelso,
Saltzman, and Tuller, 1986).

A dynamic approach to speech production is now beginning to

emerge in speech research. This approach relies on equations usedto







40
describe nonlinear, harmonic motion similar to that of damped springs
to model the forces at work in the production of speech (Browman and
Goldstein, 1986; Kelso, Saltzman, and Tuller, 1986; Kelso and Tuller,
1984; Kugler, Kelso, and Turvey, 1982). This approach has also been
extended into coordinated, non-linguistic movements (Kelso, Tuller, and
Harris, 1983). The dynamic account of speech production assumes that
dynamic variables such as tension and damping are controlled rather
than kinematic variables such as distance or rate.

Finally, Poizner and his colleagues (Poizner, Bellugi, and
Lutes-Driscoll, 1981; Poizner, 1983; Poizner, Newkirk, and Bellugi, 1983;
Poizner, Klima, Bellugi, and Livingston, 1986) have conducted several

series of studies which examined the kinematics of ASL movements.

3. The Nature of the Problem

While our understanding of the phonetic and phonological structure
of signed languages such as ASL continues to grow, we know very little
about other forms of signed languages such as fingerspelling. Based on
this review of the literature, research is required in two broad areas:

the acquisition of fingerspelling, and the structure of fingerspelling.

3.1. Learning to Fingerspell

Adult, second language acquisition of signed languages has gone
virtually unstudied by researchers. Until recently, acquisition of signed
languages (with the exception of Manually Coded English systems) has
proceeded only on an informal basis. Hearing adults who wanted to

learn ASL or fingerspelling, and especially the use of fingerspelling in
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lexical borrowing, had to rely solely on associating with deaf people.
With the growth of signed language classes in colleges and universities,
and with the burgeoning number of interpreter training programs around
the country, more and more adults are able to learn ASL and finger-

spelling in a formal, classroom situation.

Prior assumptions about the ease or difficulty of the task faced by
adults learning signed languages clearly are no longer sufficient. For
many years, it was assumed that adequate instruction in fingerspelling
consisted in nothing more than giving students a card indicating the
twenty-six handshapes of the manual alphabet.!?

Much more empirical research is needed on the complex language
learning situation faced by adults learning signed languages and
especially fingerspelling. As a first step, the following questions should
be considered:

15 Which language-learning tasks do students consider the

easiest and which are the most difficult? What can data
about the relative ease or difficulty of learning to produce

and comprehend signed languages and fingerspelling tell us
about the structure of fingerspelling?

3.2. The Structure of Fingerspelling

Simple, cipher models of fingerspelling which characterize it only
as a handshape-letter correspondence have been shown to be inadequate
for understanding how fingerspelling is learned, either by deaf children
or by hearing adults; how it is perceived and comprehended; and how it

is fluently produced.
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Models of fingerspelling such as Akamatsu’s (1982, 1985) have done

much to advance our understanding of the problems inherent in the
production, perception, and comprehension of fingerspelling. What is
now needed is detailed temporal and kinematic data taken from actual
fingerspelling on which to build, test, and revise models of fingerspell-
ing. Among the many questions which could be asked, the following
seem especially crucial:

1. What are the characteristics of fingerspelled letters and the
transitions between letters in fluent fingerspelling? What
can kinematic and/or temporal information about fingerspell-
ing targets and transitions tell us about the production and

perception of fingerspelling?

24 How can the speed of fingerspelling be studied? What are
typical speeds for fingerspelling?

3. What are the temporal and kinematic characteristics of fluent
fingerspelling? What can we learn about the production and
perception of fingerspelling by examining the production of
fluent versus non-fluent fingerspelling?

4, Is there any evidence for a dynamic view of fingerspelling
production?

The studies reported in chapters Two, Four, and Five address the
questions identified above. Chapter Two describes a study which sought
to determine whether hearing, adult college students feel that learning
to produce and comprehend fingerspelling is easy or difficult compared
to the other language-learning tasks which they face.

Chapters Four and Five describe studies of kinematic and temporal
aspects of fingerspelling. These studies relied on techniques of three-
dimensional motion tracking and analysis which are described in Chapter
Three.

Chapter Four examines temporal characteristics of fingerspelling

targets and transitions and presents the preliminaries of a dynamic view
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of fingerspelling production. Chapter Five follows up on the discussion
of dynamics started in Chapter Five by describing several kinematic and
temporal aspects of fluent and non-fluent fingerspelling. The findings
provide preliminary evidence that fingerspelling production can be
insfightfully understood within a dynamic framework. Finally, Chapter
Six discusses the implications of these findings and presents suggestions
for further research, offering conclusions concerning a unified view of
signed and spoken languages as a mapping between intentions and

actions.
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Notes to Chapter One

j Although the term sign language 1S more common, Signed language
will be used throughout this paper. It is more compatible with the
participle forms spoken and written, and it draws attention to the fact
that signing is not a language but a modality.

2. Efforts are presently underway, however, to devise an orthography
for ASL (Mclntire et al, 1987).

3. Fingerspelling will be glossed with capital letters separated by hvphens.

4, The discussion of writing and signing systems given here 1s not
meant to be thorough. [t is, rather, merely a broad overview, the
purpose of which is to bring out the similarities between writing
systems and systems of representing English in the signed modality.
For further and more detailed discussion of writing syvstems, see Gelb
(1963); Wilbur (1987) presents a comprehensive description of several
signed English systems.

D This is not to say that ASL cannot nominalize a verb. Newport
and Suppalla (1978) have described in detail just such a device in ASL.
The point is that this device cannot be used to correspond in any
simple way with the English morpheme "-ment".

6. Loan signs are conventionally transcribed with a pound sign (#)
followed by a gloss of the English origin.

i3 I'here are actually many loan signs #ALL; only two are given in
Table 1.7. Depending on which loan sign #ALL is being considered,
certain features in Figure 1.3, such as orientation and movement type,
will vary. These details are not important in the context of the
present discussion.

8. Of course, the term fluency can mean several things, and this no
doubt complicates the problem. When used to describe fingerspelling
production, fluency variously refers to smoothness, speed, and correct
handshape formation. Combined with these production factors is a
subjective evaluation of "ease of perception” which influences our
Judgment of whether or not a person is a "fluent" fingerspeller.

9. The names for the distinctive features are Reich’s own, and are
not described in any detail in his article. Thus, it is unclear how they
relate to the distinctive features discussed in section 1.1.

10. When the Department of Communicative Disorders at the Univer-
sity of New Mexico proposed the establishment of a baccalaureate
degree in signed language interpreting, the curriculum included a one-
semester course in fingerspelling. Representatives from the New Mexico
School for the Deaf, reacting to this proposal, wrote that such a course
was unnecessary, claiming that people can effectively learn finger-
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spelling by studying a fingerspelling card for a few weeks. The inter-
preter training program faculty now finds it difficult to include all the
material on fingerspelling acquisition and production in one semester
and will likely add a second course in fingerspelling in the near future.







Chapter Two

Learning to Fingerspell

1. Adult Acquisition of Fingerspelling

Although very little research exists on adult second language
acquisition of fingerspelling, experience makes it clear that the task is
extremely difficult. Students frequently express the opinion that
learning to produce and comprehend fingerspelling is one of the most
difficult tasks they face when learning a signed language. Professional
signed language interpreters who are not native users of ASL and
fingerspelling report that difficulties in understanding fingerspelling are
a frequent source of problems. Anecdotal evidence from the evaluation
of professional interpreters supports this perception. Evaluators for the
Registry of Interpreters for the Deaf national interpreter evaluation
often remark that problems connected with comprehending fingerspelling
are common in evaluations. One reason why these problems are so
serious is that fingerspelled words and phrases often contain critical
information. Inability to comprehend one fingerspelled word or phrase
can thus result in an interpreter missing the entire point of a conver-
sation.

Students learning a second spoken language face a number of
tasks. They must learn to speak the language and to comprehend the
language when spoken by others. These others may be native or non-
native users of that language. They typically must also learn to read

and write in that language.
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Signed language students face several similar and a few different
tasks. First of all, the language situation in the deaf community
requires that students of signed languages learn three distinct languages
or varieties: ASL, manual codes for English (MCE), and Pidgin Sign
English (PSE).! Signed language students have to acquire expressive
and receptive proficiency in a language (ASL) vastly different in
structure than their native language and one which additionally is
produced in another modality. They also must acquire proficiency in a
pidgin language and a signed representation of their native language.
Unlike the typical student of a second spoken language, however,
signed language students do not need to learn to read and write
another language, since ASL and PSE have no written forms. Finger-
spelling and loan signs cut across the language issue, sometimes
representing ASL (as in the case of loan signs) and other times English.
Similar to the native/non-native question is the issue of whether

the person signing to the student 18 deaf or hearing. This factor often
influences the linguistic and cultural background that the signer brings
to the communicative setting and potentially affects the nature of the
communication presented to the student. In the case of fingerspelling,
for example, deaf signers who are native users of ASL may choose
different lexical items to fingerspell than hearing or English dominant
signers. This factor also affects the student’s ability to receive the
message in a different way. For many students, interacting with deaf,
native signers is often accompanied by high levels of anxiety. If, as
Krashen (1985) suggests, an affective filter is in operation whenever we

attempt to understand or to produce a second language, then this
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factor could be quite important in learning to understand signed
language and fingerspelling.

Most literature and textbooks dealing with second language
acquisition of signed languages focus on teaching ASL and PSE.
Programs which offer instruction in signed languages frequently spend
most of their time and effort in developing skills in ASL or PSE.
Although it is widely accepted that skill in fingerspelling is critical, it
is often the weakest component in the signed language curriculum.

One reason for this may be the paucity of research on the
structure of fingerspelling. Battison’'s (1978) work on lexical borrowing,
for example, can be used to develop learning activities for teaching
students how to produce and comprehend loan signs. Without any
research on the production and comprehension of fingerspelling,
however, instructors are forced to discuss fingerspelling in only the
most subjective manner.

Another factor may also be involved. It is generally accepted by
teachers that one of the most difficult tasks faced by signed language
students is to learn to produce native-like ASL. It must be noted,
however, that many instructors had deaf parents from whom they
learned signed language and fingerspelling informally as children. Even
instructors who learned as adult, second language learners usually did
so in situations quite different from those faced by the current college-
level signed language student. The modern signed language curriculum,
with its separation of language instruction into ASL, PSE, MCE, and
fingerspelling modules, is a relatively recent phenomenon. Thus, we

simply do not understand the enormity of the task faced by signed
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language students. A reasonable solution would be to ask the students
what they feel is the relative ease or difficulty associated with the

various learning tasks in the signed language classroom.

2. Method
2.1. Subjects

Thirty college students enrolled in signed language courses at the
University of New Mexico took part in this study. All subjects had
completed enough signed language courses to provide them with
sufficient background to be able to rate the relative difficulties of
various learning activities associated with the signed language class-

rooms.

2.2. Materials

Twelve activities associated with learning signed languages and
fingerspelling were identified. These activities cut across the three
broad factors discussed above: language (ASL, MCE, PSE, or finger-
spelling); comprehension versus production; and, in the case of com-
prehensior,, whether the signer 1s hearing or deaf. The twelve acti-

vities, listed in Table 2.1, were used as items on a survey.

2.3. Procedures

Subjects were given a survey packet with a cover sheet describing
the procedures to be followed and a rating form (Appendix 1). They
were told that the survey was designed to determine which activities

related to learning signed languages students found to be most difficult,
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and which they found easiest. The subjects were not given any
indication that the experimenter was primarily interested in fingerspell-
ing. They were instructed to rank the activities from 1 to 12, with 1
being easiest and 12 hardest. Subjects were instructed to rank the
activities in terms of their intrinsic ease or difficulty and not to

associate activities with individual teachers or specific classes.

2.4, Results

The item rankings were analyzed in terms of their medians and
standard deviations. Table 2.2 provides complete descriptive statistics
for the 12 activities. Figure 2.1 displays the individual item means and
standard deviations.

Activity 2, "Understanding fingerspelling when produced by a deaf
person", was consistently ranked the most difficult. The next most
difficult activity was Activity 6, "Understanding ASL when produced by
a deaf person."” These two activities were compared by means of a
paired sample f-test to determine if the difference in ranking was
significant. The results (Table 2.3) indicate that Activity 2 was ranked

significantly more difficult than Activity 6: t = 2.63, p < .0l (one-tail).

3: Discussion

Students overwhelmingly feel that learning to understand finger-
spelling, especially when produced by a deaf person, is the most
difficult challenge that they face, even more difficult that what is
generally thought to be the most difficult task in a signed language

classroom, learning to produce ASL. In fact, the subjects felt that
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several activities were more difficult than this task. Understanding
ASL when produced by a deaf person was rated the second most
difficult learning activity, but not as difficult as understanding finger-
spelling when produced by a deaf person. Producing ASL was ranked
sixth in order of difficulty, after understanding fingerspelling, ASL, and
even after understanding MCE when produced by a deaf person.

These results indicate which activities students of signed languages
find difficult. A comparison of which learning tasks are grouped
together can provide wvaluable information about the nature of these
tasks. The original identification of tasks used three categories:
language, production/reception, and status of signer. Several questions
arise concerning the nature of these categories. Based on the difficulty
of learning signed languages, should we group languages regardless of
production/reception, or should we group together production/reception
in the signed modality regardless of language? In the first instance,
for example, producing and understanding ASL would form a separate
category from producing and understanding MCE. In the second
instance, producing ASL and MCE would form a distinct task from
understanding ASL and MCE.

A second question concerns the categorization of fingerspelling.
Where should fingerspelling be grouped? A plausible answer would be
that fingerspelling is the manual representation of English letters, and
thus should be grouped with MCE rather than with ASL.2 This impres-
sion may not be borne out when production and processing factors,
such as would affect the ease or difficulty of learning, are taken into

consideration.







Table 2.1. Signed Language Learning Activities.
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No.

4‘

10

11.

12.

Activity Label
Understanding Pidgin Sign English U-PSE-H
when produced by a hearing signer.
Understanding fingerspelling when U-FS-D
produced by a deaf person.

Producing American Sign Language. P-ASL
Understanding Manually Coded English U-MCE-D
when produced by a deaf person.

Producing fingerspelling. P-FS
Understanding American Sign Language U-ASL-D
when produced by a deaf person.

Producing Pidgin Sign English. P-PSE
Understanding American Sign Language U-ASL-H
when produced by a hearing person.
Understanding fingerspelling when U-FS-H
produced by a hearing person.

Producing Manually Coded English (any P-MCE
system).

Understanding Pidgin Sign English U-PSE-D
when produced by a deaf person.

Understanding Manually Coded English U-MCE-H

when produced by a hearing person.







Table 2.2. Descriptive Statistics for Learning Activity Rankings.

Activityx Mean Std Dev  Minimum Maximum N Label
1(10) 4,23 2.62 1.00 11.00 30 U-PSE-H
2(1) 10.70 2.15 4,00 12.00 30 U-FS-D
3(6) 7.23 3.35 1.00 12.00 30 P-ASL
4(5) 7.53 2.18 4.00 11.00 30 U-MCE-D
5(11) 3.50 2.46 1.00 10.00 30 P-FS
6(2) 9.23 3.29 1.00 12.00 30 U-ASL-D
T(12) 2.30 2.02 1.00 10.00 30 P-PSE
8(4) 7.80 2.48 3.00 11.00 30 U-ASL-H
9(3) 8.27 2.07 4.00 11.00 30 U-FS-H

10(9) 4,97 3.01 1.00 12.00 30 P-MCE
11(7) 6.27 2.16 2.00 10.00 30 U-PSE-D
12(8) 6.07 2.60 1.00 12.00 30 U-MCE-H

¥ The number in parentheses is the rank order of the item, from most
difficult (1) to least difficult (12).

Table 2.3. t-Test Results, Activities Two and Six.

Variable Number Standard Standard
of Cases Mean Deviation Error
Activity 2 30 10.7000 2.152 .393
Activity 6 30 9.2333 3.287 .600
t Degrees of 2-Tail
Value Freedom Prob.

2.63 29 .014
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Cluster analysis provides one way of exploring these questions.

The data from the survey were used as input into a cluster analysis

(see Appendix 2).? The results are displayed as a dendrogram, which
shows the hierarchy of the clusters being combined (Figure 2.2).

The results of the cluster analysis highlight several interesting

relationships. Each cluster can be identified on the dendrogram in
Figure 2.2. For example, the first cluster identified includes Activities
4 and 12, understanding MCE. The second cluster identified includes
Activities 6 and 8, understanding ASL. A three-cluster analysis
identifies the following groups: (1) understanding and producing MCE;
(2) understanding and producing PSE, and (3) understanding and
producing ASL. Thus, considered in terms of relative difficulty of
learning, the activities seem to fall into groups identified by languages
and not by reception or production.

Fingerspelling (understanding fingerspelling when produced by a
deaf person) appears at the fourth level and, interestingly, is grouped
with ASL. Producing fingerspelling clusters at a still later level and
again falls into the ASL group. At the top-most level, understanding
and producing MCE and PSE are combined into one group (Activities 4,
12, 10, 1, 7, and 11), and understanding and producing ASL and finger-
spelling are combined into another (Activities 6, 8, 3, 2, 9, and 5).

Thus, based on historical or functional relationships, we might be
led to consider fingerspelling and English toéether. since fingerspelling
1s an English letter/handshape correspondence and is typically used to
convey English words and phrases. Based on relative difficulty of

learning, however, which is more likely to tap into structural (linguis-
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tic), production (articulatory), and processing (psyvcholinguistic) charac-
teristics intrinsic to fingerspelling, we find that fingerspelling is
grouped with ASL. Like ASL, fingerspelling is judged to be difficult to
learn, especially to perceive and understand. ASL is a foreign language
for these subjects, so we would expect it to be difficult to understand.
Fingerspelling, however, is a manual representation of English; it cannot
be the case that these subjects find fingerspelling difficult to under-
stand because it is a foreign language. These results suggest that, in
order to better understand why students find fingerspelling so difficult,
more information is needed about how fingerspelling is organized during
production. Perhaps by knowing in more detail what students are
looking at, we can better understand why it is so hard to see. This

goal will be the focus of the following chapters.
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Notes to Chapter Two

1: Pidgin Sign English is a variety of signed language which shares
characteristics of both ASL and English (Woodward, 1973b).

24 Recall that the survey on which these results are based only
mentioned fingerspelling, not loan signs, further supporting the assump-
tion that fingerspelling should be grouped with MCE.

3. The correlation coefficients of the survey rankings were used as a
measure of similarity. The sign of the coefficient was retained, so the
clusters are for positively correlated variables only; that is, variables that
correlate negatively with a factor do not appear in the same cluster with
variables that correlate positively (Norusis 1986:B-85).







Chapter Three

The Measurement of Fingerspelling Movement

1. Background

As of this date, neither any in-depth kinematic nor dynamic
studies of fingerspelling articulatory movements have been undertaken.
The studies reported in Chapters Four and Five attempt to remedy this
deficiency by examining a few kinematic and temporal features of
fingerspelling. The present chapter provides a broad overview of the
equipment and techniques used in these studies. Section 2 describes
the hardware and software used. Section 3 provides a sample data
analysis of one data-file. Section 4 describes the procedures used in

the studies which are reported in the following chapters.

2. Equipment
2.1. Hardware

The production of fingerspelling and loan signs involves rapid,
complex movements of small articulators in three-dimensional space.
The speed and complexity of these movements place several require-
ments on the equipment used in their study. The equipment must be
able to make precise measurements of fine movements in three dimen-
sions. The sampling rate must be high enough to capture the rapidly
changing articulators. The frequency of a standard videotape, for
example, with a rate of 30 frames/second or 60 fields/second, does not

meet this requirement. The equipment must also provide an efficient
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way of analyzing and displaying the data. Again, videotape does not
meet this requirement, since it does not provide an efficient way of
converting images into kinematic data. Finally, the equipment must be
non-intrusive. Certain equipment, such as the accelerometers used in
biomechanics research, restrain the movements of the subject to such
an extent that very fine or complex motions cannot be studied.

Movement data were collected with a piece of equipment called
the Waterloo Spatial Motion Analysis and Recording Technique
(WATSMART). Appendix 3 gives a complete technical description of
WATSMART equipment. This section will serve as a general description
of the WATSMART hardware and software.!

WATSMART is a non-contact, three-dimensional digitizing system.
It is capable of recording high velocity kinematic motion as well as
high resolution displacements.

The WATSMART system configuration used in this study consisted
of four basic components: a set of infrared, light-emitting diode (IRED)
markers; two infrared sensitive cameras; a chassis containing the
WATSMART associated electronics; and an IBM-AT microcomputer
equipped with a 30 megabyte hard disk and 640K of RAM, used to
control the system, to buffer incoming data, and to store the raw data-
files.

Data acquisition with WATSMART requires the attachment of
small, infrared light-emitting diode markers to the articulators which
are to be monitored for movement. These markers emit light in a more
than 140-degree cone. Markers are attached to the subject and then

connected to a marker strober controller by approximately six feet of
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32-gauge shielded wire. The marker strober controllers are 83 milli-
meters long, 35 millimeters wide, and 9.5 millimeters thick; they weigh
1.2 ounces. The controllers serve as a power source for the IREDs and
also control the pulsing of individual IREDs. Each marker strober
controller can accommodate up to 8 markers; in this study only three
markers were used, and thus only one marker strober controller was
needed. The marker strober controller is connected to the WATSMART
chassis by a length of 26-gauge, telephone wire.

Each marker is strobed in sequence for a period of 65 micro-
seconds by the marker strober controller. Thus, only one marker is
actually active at any point in time. As the subject moves, the
instantaneous position of each marker is digitized at aggregate rates up
to 4700 Hz.

Movement of the IREDs is detected by two infrared sensitive
cameras. Each camera has a 33 degree by 33 degree square field of
view and can detect markers from 1.1 to 10 meters away without any
focus adjustment. The standard field coverage is 1.2 meters of width
and height for every 2 meters of distance between camera and marker.
Figure 3.1 below shows the field of view for a camera.

Each camera lens focuses an image of the IRED marker onto a
two-dimensional photosensitive sensor. The resulting signals are ampli-
fied, converted to twelve bit digital values by the circuitry inside the
camera, and transmitted to the camera system controller board in the
system chassis. The values are then transformed into two-dimensional
coordinates which are relayed to the host computer for storage. Data

is first buffered to the computer’s RAM in order to allow for high
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acquisition rates; at the end of each data-collection trial, the data are
stored on the computer’s hard disk. Trial length in seconds must be
taken into consideration since there must be enough memory on the
host computer to buffer the complete trial. Each camera requires four
bytes per marker per frame (the number of frames is determined by the
sampling rate) to buffer data. For example, using the present study as
a guide, a trial would require 4x3x250x2 bytes (6K) per second of host
computer RAM. A trial lasting 60 seconds would therefore require 6x60
bytes or 360K of available RAM. Since most trials last considerably
shorter than 60 seconds, and since the computer used to collect data
contained 640K of RAM, memory requirements did not pose a problem
in the present study.

The data were processed and analyzed on a Zenith 158 micro-
computer equipped with a 20 megabyte hard disk, 640K of RAM, an
Intel 8087 math co-processor, and a Hercules-type graphics card. The
techniques involved in the display, capturing, and integration of graphic

images into this document are explained in Appendix 4.

2.2. Software

Several programs can be used to collect and analyze movement
data with WATSMART. The software is of two basic types: programs
used to control the hardware and the collection of raw data; and
programs used to convert, analyze, and display the resulting data-files.

Appendix 5 lists all of the software used in this study.
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The programs used to control hardware and collect data include
WATSETUP, CALIBRAT, and COLLECT. WATSETUP is used to define
the WATSMART system defaults. It allows the experimenter to define
the environment for a given set of experiments. This includes estab-
lishing the number of cameras used to collect data; the maximum
number of IREDs; the camera orientation (whether or not a camera is
upright or inverted); the maximum noise level (the difference between
the highest and lowest camera reading for IREDs on the calibration
frame); optical linearization; and IRED strober voltage.

The data gathered by the cameras are measured in camera-units.
In order for the software to reconstruct three-dimensional coordinate
data measured in millimeters from the two-dimensional, camera-unit
data, the system must know the exact position and orientation of each
camera. CALIBRAT is used to determine these parameters.

During the calibration process, data is collected from a set of 24
IREDs of known three-dimensional values placed on a calibration frame
(see Figure 3.2). CALIBRAT uses the readings obtained from each
camera to reconstruct three-dimensional coordinates and to determine
the error for these reconstructed coordinates. Other diagnostics are
also performed, including a display of the dimensional coordinates, gain
value, and condition of each calibration frame IRED as seen by each
camera; a detailed breakdown of calibration error for each camera and
calibration IRED; and a display of the error between the calculated X,
Y, and Z coordinates and the actual X, Y, and Z coordinates of all

IREDs that can be seen by both cameras.







65

The COLLECT program allows the experimenter both to prepare
the hardware for data collection and to proceed with data collection.
The program provides parameters for defining the size of the buffer on
the host computer; the length of time to collect data; the data collec-
tion frequency in frames per second; filtering frequency; number of
IREDs per data frame; number of cameras used in the collection; and
various file-naming parameters.

The most important parameters set by the COLLECT program are
the collection time, collection frequency, and filtering frequency. The
collection time parameter allows the experimenter to determine the
length of time during which data will be collected. The collection
frequency determines the number of data frames per second.

The data frame is an important concept. A data frame consists of
a matrix of wvalues. The size of the matrix is determined by the
formula i X j, where i equals the number of IREDs and j the type of
data (2- or 3-dimensional). For example, if the data frame contains
three IREDs and two-dimensional data, then the data frame would
consist of 3x2 or 6 values. Each frame represents one "snapshot"” of
the IREDs; the number of snapshots per second is thus determined by
the collection frequency. A collection frequency of 250 Hz would result
in a raw data-file containing 250 6-valued frames per second.

The frame 1is also used to describe reconstructed, three-
dimensional data, and the output of any program which manipulates
three-dimensional data. These three-dimensional frames are described

further in section 3 below.
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Figure 3.2. WATSMART Calibration Frame.

Several programs are used for data conversion, manipulation, and
analysis of movement data collected by WATSMART. CONVERT is used
to reconstruct three-dimensional data using direct linear transformation
(DLT) techniques. The input to the CONVERT program is two-
dimensional data expressed in camera-units; the output is true
three-dimensional coordinates. The three-dimensional coordinates are
expressed in terms of distance in millimeters from an origin; the origin
is 2 to 3 millimeters from the front bottom left corner of the calibra-

tion frame.
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The CONVERT program assumes that at least two cameras can
view each IRED during all of the collected frames; if this is not the
case, the experimenter can optionally instruct CONVERT to use a linear
spline on all bad sections in the data.

CONVERT and the reconstruction process do not have to be
performed on the host computer; any IBM compatible computer can
perform the conversion process. The speed at which data reconstruc-
tion can take place is determined by the type of computer used and
whether a math co-processor is installed. Using the computer equip-
ment described above, the reconstruction procedure utilized in the
present study processed approximately 28 IREDs per second.

The output of CONVERT is saved to disk in the form of three-
dimensional data frames. Each frame consists of a matrix of wvalues
whose size is determined by the number of IREDs. For example, in the
present study the three-dimensional data frames are
3 (IREDs) X 3 (axes).

In movement analysis, the experimenter is usually interested in
actions with lower maximum frequencies than the collection rate. It is
thus necessary to filter out any higher frequency noise. After recon-
struction of three-dimensional data has taken place, the resulting data-
files are passed through one of several filtering programs. The
filtering programs use a second order Butterworth Filter with a forward
and backward pass to filter the data at a frequency determined by the
experimenter.

At this point, the data may either be analyzed and displayed, or

they may require further preparation, depending on the data analysis
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and display programs to be used. If KINEPLOT is to be used, the
three-dimensional filtered data-files must be processed by the TOFLOAT
program. This program converts the data-files from integer format to
floating point format which allows for greater accuracy.

KINEPLOT is an all-purpose analysis and display program which
allows the experimenter to display displacements, velocities, or accel-
erations on the computer screen or on various hard copy devices. Only
minor use was made of KINEPLOT in the present study to obtain initial
displays of the data.

If KINEPLOT is not used, the prepared data-files are immediately
ready for analysis and display. Several programs are available for
analyzing the data-files. The most important are SAVEVEL, SAVEACC,
and DIFFER.

SAVEVEL and SAVEACC calculate the first (velocity) and second
(acceleration) derivatives, respectively, of the three-dimensional
displacement data. The resulting files are saved to disk in the form of
three-dimensional data frames. DIFFER differentiates the X, Y, and Z
axes of any input file. If three-dimensional displacement data are the
input, the output is three-dimensional instantaneous velocity data; if
velocity data are input the resulting output file contains acceleration
data. Thus, DIFFER can perform essentially the same function as
either SAVEVEL or SAVEACC. However, it can also be used to
differentiate'acceleration data-files, thus obtaining the third derivative
(change in acceleration) of displacement, often called "jerk".

DISP and WATSWIND are the most important of the display pro-

grams. DISP plots three-dimensional data-files. The program allows
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the user to specify the input file. Options are used to choose which
axis to plot, which marker to plot, and scaling. Scaling can be either
automatic or defined by the experimenter. Any combination of files,
axes, or markers may be displayed and each individually scaled or using
a uniform scale.

An important feature of DISP is the ability to plot resultants for
the input data. For example, if velocity data are the input, the ex-
perimenter can use DISP to display not only velocity in the X, Y, or Z
dimension but also the resultant wvelocity. The program calculates

resultants by taking the square root of the sum of squares (formula 1).

(1)

R=v X%+ Yé+ Z¢

WATSWIND is used to select a portion of a data-file by determin-
ing new start and end points. This sometimes becomes necessary when
extraneous movements at the beginning or end of a collection trial
introduce aberrant values into the data-file. WATSWIND displays the
resultant-velocity profile of a displacement file and allows the ex-
perimenter to save the windowed portion of the file to disk.

An overview of program flow is given in Figure 3.3 below.

3. Sample Data Analysis
This section provides a general description of the process of data
analysis. To make the exposition easier to follow, the analysis of one

sample data-file will be described.
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File RO020.SMS is 30,256 bytes long and contains raw, two-
dimensional data. It was collected on May 17, 1987 and represents the
eighth trial in which subject SMS produced the fingerspelled word
B-U-T five times. The data was collected over a period of 5.0 seconds
at a sampling frequency of 250 Hz.

File R0O20.SMS is first processed with the CONVERT program to
reconstruct three-dimensional data. This process takes 3.5 minutes and
generates file C020.SMS, which is 22,756 bytes long and contains three-
dimensional data frames. A plot of C020.SMS using DISP is shown in
Figure 3.4 below; the plot displays the unfiltered, resultant displacement
over time of IRED marker 3.

Each data frame for C020.SMS contains a matrix of nine numbers
(3 markers x 3 dimensions). Since the sampling frequency was 250 Hz,
there are 250 frames per second; the sampling length was six seconds,
so C020.SMS contains 9 X 250 X 6 or 13,500 values. Table 3.1 lists
pertinent information about file C020.SMS and the wvalues for the first
18 frames of displacement data.

C020.SMS is filtered at a frequency of 1 Hz using BFILTER; the
process takes approximately 30 seconds and yields a filtered data-file,
B020.SMS, which is 45,280 bytes long. File B020.SMS can now be used
to obtain accurate displacement data. Figure 3.5 below displays filtered

displacement data.
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Figure 3.4. Unfiltered Displacement Data.
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Subdirectory: MAY15
Input File: C020.SMS
Output File: 3D020.SMS
Data Type: 1

Date: 5-15-87

Time: 9:55:18
Cameras: 2

Ireds: 3

Frames: 1250

Freq: 250

Filter Cutoff Freq.: 1

frame #1

1 237.5 213.2
2 287.6 2221
3 213.4 294.5
frame #2

1 235,86 212.9
2 286.6 222.3
3 213.8 293.9
frame #3

1 236.0 212.7
2 286.4 222.2
3 2137 293.2
frame #4

1 235.0 2L2.1
2 286.7 221.8
3 214.4 292.5
frame #5

1 239.9 212 2
2 286.5 2 R |
3 214.0 292.4
frame #6

1 236.9 211.2
2 286.3 2211
3 214.3 291.6
frame #7

1 239.6 21147
2 286.1 2211
3 214.0 291.3
frame #8

1 239.5 21143
2 286.5 220.9
3 214.9 290.9
frame #9

1 243.1 211.0
2 286.1 220.7

3 214.5 290.3

117.0
116.5
135.7

116.9
115.2
136.2

115.3
115.6
136.9

116.1
115.6
137.6

115.5
115.4
1371

115.5
115.7
137.7

114.7
115.4
137.6

114.8
115.5
138.5

115.0
114.8
138.6

WATSCOPE Channels
WATSCOPE Frames:
WATSCOPE Freq: 75
WATSCOPE Gain: 4

¥ i
0
00

Comment: bt-5 reps

Start Frame: 1

Stop Frame: 1250
Start Ired/Chan :
Stop Ired/Chan :

frame #10

1 248.9
2 286.3
3 214.7
frame #11

1 234.0
2 286.1
3 214.4
frame #12

1 242.2
2 285.9
3 214.0
frame #13

1 239.5
2 285.9
3 214.0
frame #14

1 236.1
2 285.9
3 213.4
frame #15

1 245.0
2 285.5
3 213.8
frame #16

1 239.5
2 285.5
3 213.4
frame #17

1 243.2
2 285.5
3 213.2
frame #18

1 242.4
2 285.3
3 213.0

1
3

211.1
220.3
289.8

210.4
220.5
289.4

210.4
219.9
289.1

210.2
219.9
288.8

209.8
219.6
288.3

210.2
219,6
288.4

210.1
219.2
288.1

208.9
219.2
287.7

209.6
2192
287.5

114.1
115.8
138.9

114.9
115.5
138.2

114.2
115.3
138.2

114.0
114.6
138.3

114.2
115.3
138.1

113.5
114.6
138.6

114.3
114.6
138.6

114.5
114.6
137.9

113.7
114.4
138.3
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Figure 3.5. Filtered Displacement Data.

File B020.SMS can now be analyzed further by processing it with

SAVEVEL and SAVEACC.

Each program takes approximately 15 seconds

to perform the analysis and writes two more data-files, V020.SMS and

A020.8MS, each 45,280 bytes long.

These files can be displayed using

DISP to obtain information about velocity, acceleration, and timings.

Figure 3.6 displays the resultant velocity of IRED marker 3 over time
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Figure 3.6. Velocity Plot.

DISP can also be used to display complex relationships among

data-files, axes, and markers. Figure 3.7 shows both the displacements

(BO20.SMS) and the velocities (V020.SMS) for marker 3, the index

finger. Again, resultant displacements and velocities have been plotted
rather than displacement or wvelocity in any one axis. The plots have
been superimposed so that the relative timings can be seen; thus, it is
possible to note when the peak wvelocities occur relative to displace-
ment. Figure 3.8 is an edited version of Figure 3.7 and identifies these
points. Both velocity and displacement have been scaled independently

so that all data points from both files will appear on the plot. Because
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of this, however, it is not possible to compare velocity and displace-
ment values. In Figure 3.8, horizontal tick marks indicate the points of

peak velocities and vertical tick marks indicate velocity minima.

FTARE: @ I file b0.sns 2. draw
T1IME s: B.Hﬂg i axls p . 1red 3
s 387.8 ; olour 1

E. m ' - E ézqgegoaime aashc. quit
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Figure 3.7. Displacement and Velocity Plot.
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Figure 3.8.

Displacement and Velocity Plot (Edited Version).

DISP can also be used to obtain precise values for all displayed
data. For example, Figure 3.8 above revealed that peak velocity occurs
approximately one-half to three-quarters of the way through the move-
ment. To find out the precise timing of the peak velocity the follow-
ing procedure can be used.

Using DISP, the experimenter positions the computer’s cursor on
the displacement plot. The arrow keys can then be used to move

through the data frames, one frame at a time. Frame number, time in
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seconds, and displayed value can be observed in the upper left corner
of the DISP display. Moving the cursor to the first displacement valley
reveals that it occurs at time 0.476. The following displacement peak
occurs at time 0.772. Thus, the total time taken by the subject to
move the index finger was 0.296 seconds. Switching to the velocity
plot, the same procedure reveals that the velocity peak for this
movement occurred at time 0.660, or 0.184 seconds into the movement.
Thus, it is possible to calculate that the velocity peak occurred 62% of
the way through the displacement movement.

With these procedures, the number of values to be computed and
analyzed accumulates quickly. In the present study, a total of 175
seconds of data were collected. Each second of three-dimensional data
consists of 250 frames with nine values, or 2,250 values per second.
Thus, a total of 393,750 displacement values were collected. Since each
displacement file often is processed to obtain a velocity and an
acceleration data-file, and since each of these three files can also be
used to calculate resultants, the present study contains well over one

million data points.

4, Methods and Procedures for Chapters Four and Five
4.1. Subjects

Three adults served as subjects for the collection of fingerspelling
and loan sign data. All three were deaf and had deaf spouses. Two of
the subjects were female; one was male. All three were right hand

dominant signers.
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4.2. Stimulus Materials
Data was collected for eight simple fingerspelled and loan sign
words. Table 3.2 below summarizes the data collection for these
studies. Column one lists the word that is being produced; column two
lists the subject; column three gives the data collection time; column
four lists the repetitions or other variables associated with that set of
trials; and the last column lists the number of trials. In the
Rep/Variables column, a number represents the number of times a
particular word was repeated. For example, in the fourth row, the loan
sign #TOO-BAD (TB) was repeated five times. In some instances, words
were fingerspelled at three rates: slow, normal, and fast. In other
instances, the subjects were instructed to start fingerspelling a
sequence of letters slowly and to speed up gradually over a specified

length of time.

4.3. Room and Camera Arrangement

All movement data were collected in the Kinesiology Laboratory at
the University of Colorado at Boulder. Unfortunately, it was not
possible to adjust the room and camera arrangements.

Because of the fixed camera positions, strict restraints were placed
on what words could be used as data and on the arm and hand
positions of the subjects. In order to collect data, the cameras must
be able to view the IREDs during most of the- articulatory movement.
If for any reason a marker is obscured from the view of a camera, loss
of data results. The splining procedure available in CONVERT can

compensate for some loss of data, but the experimenter must ensure
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that gaps resulting from obscured markers are of as short a duration as
possible. In an optimal experimental situation, the cameras would be
repositioned for each trial, although this would also mean that the
calibration procedure would have to be performed for each trial.

In the present study, the cameras were positioned overhead at a
distance of approximately two meters from the subject. Subjects were
allowed to sit, resting their right arm on a table; from this position,
they could watch the experimenter signal when to start fingerspelling.
This did not provide an ideal arm position for completely natural
fingerspelling; however, since the words which the subjects were asked
to fingerspell were very simple, it is doubtful that these constraints
affected the actual fingerspelling movements in any significant way. It
was the impression of the experimenter and the other subjects, who
were present throughout the entire study, that the fingerspelling which

was produced was natural and comprehensible.

4.4, Marker Placement and Attachment

Three I[RED-markers were used in this study. Marker 1 was
attached to the subject’s thumb; marker 2 was attached to the fleshy
portion of the hand between the thumb and the index finger; and
marker 3 was attached to the middle section of the subject’s index

finger. Figure 3.9 below shows the location of the markers.
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Table 3.2. Data Overview.

Word Subject Time Rep/Variables Trials
#TB SMS 2.5 1 i
#TB TLS 25 1 5
#TB BAH 2.5 1 6
#TB SMS 6.0 5 5
#TB TLS 5.0 5 5
#TB BAH 5.0 5 5
BUT SMS 25 1 5
BUT TLS 2.5 1 5
BUT BAH 2.5 1 B
BUT SMS 5.0 5 b
BUT TLS 5.0 5 5
BUT BAH 4.0 5 5
BO SMS 10.0 RC 2
OB SMS 10.0 RC 2
BO TLS 10.0 RC 2
OB TLS 10.0 RC 2
BO BAH 10.0 RC 2
OB BAH 10.0 RC 3
SHE SMS 2:5 SLOW 2
SHE SMS 2:5 NORM 2
SHE SMS 2:5 FAST 4
SHE TLS 2.5 SLOW 2
SHE TLS 2.5 NORM 2
SHE TLS 2.5 FAST 3
SHE BAH 25 SLOW 3
SHE BAH 2.5 NORM 2
SHE BAH 25 FAST 2
SUE SMS 2.5 SLOW 3
SUE SMS 2.5 NORM 3
SUE SMS 28 FAST 3
SUE BAH 2.8 SLOW 2
SUE BAH 2.5 NORM 2
SUE BAH 2:5 FAST 3
COCONUT BAH 6.0 - 2
COCONUT SMS 6.0 3 3
BANANA BAH 6.0 - 3
BANANA SMS 6.0 3 2

RC = rate change
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Figure 3.9. Marker Locations on the Hand.

Markers were attached to the subjects with a tacky, putty-like
material commonly used for temporarily hanging pictures or posters on
walls. A "ring" was formed from the material and wrapped around the
subject’s index finger and thumb. A small portion of the material was
then also pressed firmly onto the marker, and this was in turn pressed
onto the ring. Marker two was attached only by pressing a small
amount of the material onto the marker and then pressing the marker
against the skin. The connecting wires were held in place with tape at
the subject’s wrist and routed from there to the strober controller,

which was allowed to rest on the table.
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4.5. Sampling Times and Rates
As described in Table 3.2 above, data sampling times varied from a
minimum of 2.5 seconds to a maximum of 10 seconds. All data were

collected at a sampling frequency rate of 250 Hz.

4.6. Calibration

The entire set of data was collected over a two-day period. Each
time the WATSMART equipment is turned on or moved, the calibration
procedure must be performed, and so two calibrations were necessary
for the present study.

The WATSMART technical manual recommends that, when the
cameras are at a distance of one to two meters from the calibration
frame, the calibration error should be less than 3.0 millimeters. As the
distance increases, the calibration error also increases. In the present
configuration, the cameras were approximately two meters from the
calibration frame. The associated calibration errors of 4.69 millimeters
for the first day of data collection and 3.97 millimeters for the second

day were within acceptable limits.
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Notes to Chapter Three

1. Much of the information contained in sections 2.1 and 2.2 come from
the WATSMART technical description documentation; Installation and
Setup Guide; User’s Guide; Programmer’s Guide; and Data Analysis
Software Documentation, all copyright 1986 by Northern Digital Inc.,
Waterloo, Ontario, Canada.







Chapter Four

Targets and Transitions

1. Models Revisited

We have seen that a cipher model of fingerspelling which charac-
terizes the structure of fingerspelled words as merely a sequence of
static handshapes corresponding to English printed letters is inadequate
to explain how fingerspelling is produced, perceived, and comprehended.
Fingerspelling must be described phonetically, in terms of its constitu-
tive gestures, their sequential transmission, and their influence on each
other.

Akamatsu’s (1982, 1985) movement envelope model, while an
advance over the cipher model, is still primarily formulated in terms of
static hand configurations and their serial concatenation; it leaves
unanswered the essential question of how the movements of movement
envelopes are organized.

The critical question for a movement envelope model of finger-
spelling is how to incorporate movement. The question was put in
Chapter One: How are letters put into movement envelopes? Assume
for the moment that a fingerspelled word consists of a series of
canonical handshape targets with transitional movements between the
targets. Thus, the fingerspelled word BANK consists of four targets,
corresponding to the fingerspelled letters B, A, N, and K, and the
transitions between them (the transition between B and A, A and N,

and so forth).
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Like Akamatsu's movement envelope model, this model of finger-
spelling recognizes that fingerspelling is more than a series of discrete,
static handshapes. The hand configurations of fingerspelled letters
function as articulatory targets. They serve as goals, or modulation
points, along a moving trajectory. The articulatory motions of finger-
spelling, according to this view, are movements towards and from these
targets.

This preliminary model of fingerspelling in terms of targets and
transitions is admittedly too simple. Several problems must be con-
sidered if it is to be developed into an adequate model. First is the
problem of characterizing the targets. Two alternatives may be
proposed: characterizing targets in terms of spatial locations or in
terms of hand configurations.

The spatial location alternative is not unreasonable. Spatial
locations for movement can be accurately perceived and attained (Kelso,
Holt, and Flatt, 1980; Wallace, 1977). In addition, spatial locations are
known to be important in both the lexicon and the grammar ASL
(Stokoe, 1960; Klima and Bellugi, 1979; Poizner, Newkirk, and Bellugi,
1983).

Spatial locations as articulatory targets have also been posited in
the organization of speech articulation (MacNeilage, 1970), but they do
not seem as significant as configurations of articulators. A convincing
demonstration of this is the fact that we can understand speech
produced under extraordinary conditions, such as when someone talks
while holding a pipe between his teeth. Obviously, the spatial locations

are quite different than would be produced under normal circumstances,
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vet we have no problem understanding the speech. Bite-block experi-
ments have confirmed that although articulators may not attain their
canonical locations, the overall goal of the system -- comprehensible
speech sounds =-- can still be attained (Fowler and Turvey, 1980; Kelso
and Tuller, 1983; Lindblom and Sundberg, 1971).

In the case of fingerspelling, the coding of spatial locations may
turn out to be more similar to speech than it is ASL. Defining finger-
spelling targets in terms of their spatial locations would be exceedingly
complex; in addition, it would imply that productions made at different
spatial locations (the letter A produced close versus farther from the
body) would be different letters, which they clearly are not.

Related to this is the question of what makes a target. Targets
are not only handshapes; orientations and, as we will see below, even
movements are important features of targets. Even in the case of
handshapes, quite detailed phonetic features of individual articulators
must be specified. Finally, we cannot overlook the relations, both
spatial and temporal, among articulators. Configurations of articulators,
and the relations among configurations, are clearly more important in
the characterization of fingerspelling targets than actual, three-
dimensional spatial locations.

A second problem in characterizing targets is the identification of
a canonical form. It is unlikely that invariant handshapes can be
identified. The articulatory gestures of fingerspelling are subject to
the same coarticulatory effects that we find in speech, where the
search for invariants has also been a problem. Various models of

coarticulation attempt to deal with the problem of invariance in
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different ways. In the articulatory model of speech proposed by Henke
(1966), input is assumed to be a string of segments characterized as a
specific set of articulatory goals. The targets are invariant,
environment-independent shapes and positions of articulators. Although
the articulators move toward these targets, however, the precise form
may not be attained. Factors which affect the precise targets which
are reached include the past positions and shapes of the articulators
and the timing of the sequential inputs.

Fowler (1980, 1984) proposes a different approach to understanding
how speech is segmented in spite of coarticulation. According to
Fowler, listeners "segment the speech stream along its coarticulatory
lines into overlapping phonetic segments" (1984:361). Segments are
perceived, not at the point where a segment’s salience predominates the
signal, but at the point where the one segment ceases to dominate the
signal and another takes over.! Coarticulation thus does not smear the
discrete character of segments, but preserves the coherence of the
temporally extended parts of individual phonetic segments.

The phenomenon of coarticulation provides strong counter-evidence
to a conception of speech or fingerspelling targets as static structures.
As Anderson (1974:5) notes, "In fact, the wvocal organs are all con-
tinually in motion, and at any given point in time, they are likely to be
executing gestures associated not with one but with several of the
segments of an utterance. That is, the organs do not simply adopt a
static position, hold it briefly, and then move to another position, but

rather, during the period associated with one segment, they are already

moving into position for a segment to follow."
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The same phenomenon is true for fingerspelling. If we observe
actual fingerspelling, it appears that there is no period during which
the hand forms a static handshape. A simple examination of a dis-
placement plot bears this out. In Figure 4.1 below, for example, the
smooth displacement curve indicates that the index finger is in constant
motion; lack of motion (and thus evidence for a substantial period
during which the hand was forming a static handshape) would appear on
the plot as a long, horizontal portion of the curve. No evidence for
long periods of stasis exist in any of the data collected.

The characterization of transitions seems to be easier. We might
assume at first that transitions are merely the movements to and from
targets. Unlike targets, transitions are not the critical components of
fingerspelling. The targets are what correspond to English letters; they
are, in this sense, the significant information. Transitions are predic-
table from linguistic or physiological constraints, and thus are less
informative than targets.

Similar arguments have been presented concerning transitions
versus targets in speech. Anderson (1974:5) summarizes these argu-
ments by noting that speech can be represented in such a way that
"the utterance is a sequence of a finite number of discrete, homogen-
eously characterizable, atomic segments, rather than as a continuum.
For instance, each segment is characterized in terms of a state of the
vocal organs, and the transitions between these states are assumed to
be predictable in terms of very general linguistic and physiological

laws."
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Problems arise, however, for such a characterization of transitions.
In first- and second-language acquisition and in fluent perception of

fingerspelling, it is not the individual letters that need to be attended

to but the "whole word" or movement envelope. For deaf children

learning to fingerspell, for example, the movement envelope constitutes
an important production and perceptual unit even before they have

knowledge of the correspondence between fingerspelling handshapes and

English letters.

Figure 4.1. Displacement Plot, Marker Three.
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An analogous situation arises in the acquisition of speech.
Children often acquire units which are not equivalent to, and most
often larger than, the units manipulated by adults. It is only later in
the child’s development that these wholistic units are segmented
(Peters, 1983:89).

Second, fingerspelling is a rhythmic activity. Factors such as
tempo and evenness are as important in fingerspelling as they are in
speech and serve as evidence that movement is often directly manipu-
lated in fingerspelling. Jerky versus smooth fingerspelling is easily
detected and often is used to characterize fingerspelling as fluent or
non-fluent. This suggests that parameters associated with movement
between targets may serve as points of control, a prediction previously
noted by Turvey (1980:53): "speaking and signing, like movement in
general, are necessarily rhythmical suggesting, perhaps, that their
formational aspects are nontrivially determined by strictures of cyclicity
such as mutual synchronization." The issue of synchronization and
dynamic control will be considered in detail inthe following chapter.
For now, it is sufficient to note that movement between targets may be
a factor that is critically and directly controlled. Thus, a view which
considers transitions as entirely predictable movements to and from
targets will not be adequate.

What this implies is that, in some instances, transitions may
function as "targets." We know that this is the case for two finger-
spelled letters, J and Z, where movement is the criterial feature. It
may also be true that certain distinctive fingerspelling movements

become target units to be produced. An example of movements which




I
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may function as targets can be found in the two characteristic gestures
of J-O-H-N (the orientational changes assocciated with the J to O and
the H to N gestures). In loan signs, examples abound: the character-
istic movements of #EARLY, #CONN (abbreviation for Connecticut),

#BACK, #TOO-BAD, and so forth.

2. The Salience of Targets and Transitions

The model described above poses interesting questions about the
relative informational locad of targets versus transitions. Consider the
relative timings of targets and transitions. If the targets of finger-
spelled words are only briefly achieved, then much of the time spent in
fingerspelling is in transitional movements. If we ask which unit is
likely to be more salient, the targets or the transitions, a reasonable
answer would be that the temporally longer transitions may carry a
substantial portion of the information in a fingerspelled word. Further,
if transitions in fingerspelling are salient and informative, this could
explain why it is so often noted that proficient fingerspelling com-
prehension depends on seeing more than just individual letters. Perhaps
the additicnal information so necessary to perception of fingerspelling
is contained within the transitions between letters.

In fact, there are sound theoretical reasons to predict that transi-
tions in fingerspelling and in speech are informative and not mere
noise. This will be discussed in the next section. For now, it will be
worthwhile merely to determine whether transitions are temporally

longer than targets.







93

A representative corpus of data for simple fingerspelling and loan
sign movements was selected. This corpus consisted of data-files
containing the words B-U-T and #TOO-BAD, produced five times each
by subjects SMS and TLS.2 An overview of the corpus of data appears
in Table 4.1.

For these simple words, movement of marker 3 (the index finger)
can be used to locate target positions. In the fluent production of
these items, no point could be located during which the articulators
were not in motion; that is, there is no point in the data where the
displacement remain stable over time. Therefore, the following method
was used to measure the timings of targets and transitions.

The method is illustrated in Figure 4.2. below. First, displacement
peaks were located, corresponding to maximally open and closed hand
positions, B and T respectively (points p: and pz:). Next, displacements
of 1 millimeter in each direction (approaching and leaving) relative to
this peak were located and their times noted (times ti, tz, t3, and ti).2
These times were then used to calculate the timings for both targets
and transitions. To calculate the timing for the first target, the
formula was Ttarget = tz = ti. The timing for the first transition was
calculated with the formula Tians = ts - ta.

Timings for targets and transitions across words and segments
(targets and transitions) are given in Table 4.2 below. A two-way
(Segment X Word) analysis of variance was performed on the data. The
results are shown in Table 4.3 below. Transitions lasted an average of
314 milliseconds; targets lasted for an average of 91 milliseconds. This

difference was significant, Fq, 201y = 473.294, p < .001,
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These results do not prove that transitions are more perceptually
salient than targets. Indeed, the results must interpreted with caution,
since the identification of targets and transitions was ad hoc. The
results do, however, suggest that transitions form a significant portion

of the phonetic structure of fingerspelling and will likely have to be

considered in models of its articulatory organization.

These results also are meaningful for second language learners. If
learners are looking for static, canonical, and unambiguous hand con-
figurations, then it is little wonder why understanding fingerspelling is

so difficult. They are looking for something that simply isn’t there.

Figure 4.2. Target and Transition Measurement.







Table 4.1. Target/Transition Data Overview.

Subject Word # of Files
SMS TOO-BAD 5
SMS BUT 5
TLS TOO-BAD 4
TLS BUT 5

Table 4.2. Target and Transition Timings.

Variable Label Mean Std Dev Cases

Segment Targets .0912 .0512 156
Word TOO-BAD .0784 .0431 77
Word BUT .1038 .0556 79

Segment Transitions .3140 .1160 136
Word TOO-BAD .3091 y1311 67

Word BUT .3188 1211 69
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Table 4.3. Analysis of Variance Results.

Sum of Mean Signif
Source of Variation Squares DF  Square F of F
Main Effects 3.631 2 1.816 238.249 .000
SEG 3.607 1 3.607 473.294 .000
WORD 024 1 .024 3.132 .078
2-way Interactions .004 1 .004 590 .443
SEG WORD 004 1 .004 590 .443
Explained 3.635 3 1.212 159.030  .000
Residual 2.195 288 .008
Total 5.830 291 020
i Dynamic Modeling of Phonetic Structure

The model of fingerspelling being developed here suggests that
transitions are critical, informative components of the overall signal.
The notion that transitions are salient, informative units of the speech
signal has also been proposed. Fowler (1984) hinted at this in her
suggestion that it is not the points of maximum prominence that are
perceptually salient, but the points where a segment can first be
detected; while maximum prominence may be a feature of targets, initial

detection of a segment could occur during transitions.
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An early suggestion that transitions are important appears in Dew
and Jensen (1977:115-118):

I'ne speech production mechanism 1is a target-oriented
system. . . . The act of production is regarded as a process
of adjusting from one target to the next, and the adjustment
between targets is referred to as a transition. ... The
transitions between targets are not merely simple by-products
of the articulatory act but often constitute significant cues
in themselves about their intended targets by virtue of their
trajectories.

The notion that speech must be understood in terms of the coor-
dinated production of articulatory trajectories can be extended even
farther. A framework based on dynamic modeling of speech is
beginning to emerge which has direct implications for models of
fingerspelling. Browman and Goldstein (1985:35) concisely present the
basic tenets of the framework:

Much linguistic phonetic research has attempted to charac-
terize phonetic units in terms of measurable physical
parameters or features. Basic to these approaches is the
view that a phonetic description consists of a linear sequence
of static physical measures, either articulatory configurations
or acoustical parameters. The course of movement from one
such configuration to another has been viewed as secondary.
We have proposed an alternative approach, one that charac-
terizes phonetic structure as patterns of articulatory move-
ment, or gestures, rather than static configurations. While
the traditional approaches have viewed the continuous
movement of vocal-tract articulators over time as '"noise"
that tends to obscure the segment-like structure of speech,
we have argued that setting out to characterize articulator
movement directly leads not to noise but to organized
spatiotemporal structures that can be used as the basis for
phonologic || generalizations as well as accurate physical
description. In our view, then, a phonetic representation is
a characterization of how a physical system (e.g., a vocal
tract) changes over time.

A fundamental concept of the dynamic view is that speech is the
coordinated activity of a multi-degree of freedom system (Kelso, 1986).

At issue, then, is how this complex system is controlled. According to
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the dynamic view, functional groupings of muscles and joints form
coordinative structures, ensembles of articulators that work coopera-
tively as a single, task-specific unit (Kelso, Tuller, Vatikiotis-Bateson,
and Fowler, 1984). According to proponents of the dynamic view,
coordinated movements are not controlled in an algorithmic, servo-
mechanical way, where a master "program" compares a system's state
against some master plan, perhaps stated in terms of spatial targets,
and adjusts it accordingly. Rather, they claim that these systems
"consist of ensembles of coupled and mutually entrained oscillators and
that coordination is a natural consequence of this organization”" (Kelso,
Tuller, and Harris, 1983:140).

The dynamic view of speech production has several implications
for a model of fingerspelling. First, the view characterizes speech at a
level of organization, that of articulatory trajectories, which can be
applied quite generally. Coordinative structures have been located not
only in speech, but across speech and manual activities (Kelso, Tuller,
and Harris, 1983); in non-linguistic (finger-tapping) and linguistic
(writing) manual activities (Haken, Kelso, and Bunz, 1985; Viviani and
Terzuolo, 1980); and even in animal behavior (Fukson, Berkinblit, and
Fel’dman, 1980; Pearson, 1976). Thus, the search for coordinative
structures indicative of a dynamic organization of fingerspelling is
entirely appropriate. In fact, such an organization is actually predicted
by the dynamic view, which suggests that "there may be nothing
special, a priori, about neural structures and their ’wiring’ that
mandates the existence of coordinative structures. Rather, it suggests

that the functional cooperativity, not the neural mechanism per se, is
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fundamental” (Kelso, Saltzman, and Tuller, 1986:33). That is, the
dynamic system itself is the underlying structure; language, whether at
the level of neural processes or overt, phonetic representations, merely
instantiates this underlying system.

In summary, the dynamic model seeks to explain speech production
in terms of control and cooperativity. Control of individual articulators
takes place by limiting the degrees of freedom of a complex system;
cooperativity results from the entrainment of articulators characteristic
of coordinative structures. Control and coordination are factors which
are critical in fluent fingerspelling; they will be explored, with a view
towards determining whether support can be found for a dvnamic model

of fingerspelling, in the following chapter.
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Notes to Chapter Four

15 Fowler’s proposal closely resembles a computer model of speech
perception based on principles of interactive activation being developed
by McClelland and Elman (1986).

2 Severe marker obstruction occurred on the data-files for subject
BAH's production of B-U-T, as identified by WATSMART system
software during the data reconstruction process. Therefore, nc data
from this subject was included in this study.

i3, [t should be pointed out that this measurement is being made on
marker 3 (index finger) at a point distant from the tip of the finger.
lhus, 1 millimeter of displacement, using this measurement, would be
equivalent to a much larger displacement at the fingertip.







Chapter Five

Towards a Dynamics of Fingerspelling

8 Background

Dynamics, as it is applied within the field of speech production
and human movement in general, seeks to describe how complex systems
are controlled. One source of evidence for dynamic control is the fact
that systems with many degrees of freedom act in a cooperative,
coordinated fashion.

Data will be presented in this chapter which provide preliminary
support for a dynamic theory of fingerspelling production. One way to
demonstrate that fingerspelling is controlled dynamically is to look for
evidence of cooperativity among the articulators used to produce
fingerspelled words. [In section 3, two lines of evidence will be
presented which suggest that such cooperativity exists. First, however,

we will examine some kinematic features of fingerspelling.

2. Fingerspelling Speed

In the context of fingerspelling, three types of speed seem
relevant. First, speed of fingerspelling can be measured by dividing the
distance travelled by the elapsed time. This will be called the average
speed of fingerspelling. Another measure of speed of fingerspelling is
the mean of the maximum instantaneous wvelocity of the articulators;
this measurement will be called the mean peak velocity. Finally, the

speed fingerspelling may be measured by calculating the number of
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letters produced in a certain amount of time. This type of speed will
be referred to as the rate of fingerspelling.

Prior estimates of the speed of fingerspelling have relied solely on
the rate of fingerspelling method. Rates reported in the literature have
averaged from approximately 160 to 200 milliseconds per letter.
Measuring the rate of fingerspelling in the present data will provide
both a check of previously reported estimates using more precisely
measured data and, if the rates are found to be similar, confirmation
that these data are representative of natural fingerspelling.

Four data-files of the fingerspelled word B-U-T were used as the
corpus of data for measuring average speed. The corpus included two
data-files from subject SMS and two from subject TLS. Average speed
was calculated by dividing the resultant distance that marker 3
travelled by the elapsed time.

The measurement of average speed is sensitive both to the sizes
of the articulators and the placement of the markers. Thus, smaller
articulators or placement of markers closer to the hand (larger articu-
lators or placement of markers closer to the fingertips) will result in
smaller (larger) average speeds. Both of these factors varied con-
siderably for these data. Subject SMS, a female, had smaller hands
than TLS, a male. Also, precise placement of the markers -- for
example in terms of relative distance from the fingertips -- was not
taken into consideration. Results are reported by subject.

Peak velocity was measured directly from the velocity plots gen-
erated by DISP for subjects’ SMS and TLS production of the finger-

spelled word B-U-T. Seven data-files were used with a total of 56







103
velocity peaks. The individual peak velocities were grouped according
to subject.

Results for average speed are given in Table 5.1. For subject
SMS, the average speed was 28.485 mm/sec. As expected because of
hand size and marker placement, subject TLS’s average speed was

faster, 47.763 mm/sec.

Table 5.1. Average Speed.

Subject Mean St. Dev. Max Min
SMS 28.485 11.204 48.028 10.897
TLS 47.763 15.571 75.392 26.302

Overall results for the mean peak velocity measurement are given in
Table 5.2 below. The mean peak velocity for both subjects was

242 mm/sec.

Table 5.2. Average Peak Velocity.

Mean St. Dev. Max Min

242.23 60.02 514.59 129.77
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Peak velocities were compared across subjects to determine
whether the subjects’ peak velocities differed significantly. Results of
the t-test are given in Table 5.3 below. Subject SMS had a mean peak
velocity of 219 mm/sec. Subject TLS’s mean peak velocity was

significantly faster (t = 4.32, p < .001) at 274 mm/sec.

Table 5.3. t-Test Results, Overall Peak Velocity.

Number Standard Standard
Subject of Cases Mean Deviation Error
SMS 38 219.3268 60.664 9.841
TLS 27 274.4570 42.249 8.131
t Degrees of 2-Tail
Value Freedom Prob.
-4,32 62.99 .000

The results of the analysis of fingerspelling speed must be inter-
preted with caution. Since the measurement is sensitive to hand size
and marker placement, it is difficult to compare the speeds reported
across subjects. In addition, speed within subjects varies considerably.
The range for subject SMS was from approximately 10 to 48 mm/sec;

for subject TLS, the range was approximately 26 to 75 mm/sec.
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The results indicating that the mean peak velocities of the
subjects were significantly different need to be explored further. Is
this finding consistent across productions, or the result of one atypi-
cally fast or slow production? The means of each production are given
in Table 5.4. A one-way analysis of variance was performed to compare

the means of the seven sets of peak velocity data-files, and a post hoc

Scheffe’s test was applied to determine the source of the difference.

Table 5.4. Mean Peak Velocity by Production.

Standard Standard
Subject Count Mean Deviation Error
SMS(1) 9 182.0022 22.1752 7.3917
SMS(2) 10 257.6880 92.2738 29.1795
SMS(3) 10 228.1690 29.7181 9.3977
SMS(4) 9 204.2033 46.8454 15.6151
TLS(1) 9 242.7278 14.6458 4.8819
TLS(2) 9 318.1644 41.0206 13.6735
TLS(3) 9 262.4789 21.4676 7.1559
Total 65 242.2271 60.0191 7.4445

The results indicate that of the seven productions, the only sig-
nificant difference occurred between one production of subject TLS
(number 2, see Table 5.4) and three productions of subject SMS

(numbers 1, 3, and 4, see Table 5.4). Thus, the peak velocities of the







106
subjects were much more similar than the figures in Table 5.3 would
lead us to believe.

The measurement of fingerspelling rate was made by dividing the
number of letters produced by the total time taken. Three data-files
were used (trials 19 and 20 of TLS, and trial 22 of SMS). To find the
total time, the time of the first maximum velocity peak for marker 3
was subtracted from the time of the final maximum wvelocity peak for

the same marker.! Results are given in Table 5.5 below.

Table 5.5. Fingerspelling Rates.

Trial Rate Time

SMS22 5.102 2.940

TLS19 4.524 3.316

TLS20 4.438 3.380
0.36 0.238 Std Dev
4.69 3.212 Mean

The mean rate of 4.69 letters per second is equivalent to a mean
fingerspelling rate of 213 milliseconds per letter. This rate replicates
remarkably well the average rate of 160-200 milliseconds per letter

reported in the literature.
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3. Cooperativity in Fingerspelling Production

In the change in perspective from a kinematic description to a
dynamic explanation of fingerspelling, we cease to look at the surface
characteristics of the motions and begin instead to search for more
abstract sources of control in the complex system of movements at
work in fingerspelling. One place we could begin to search for
controlled parameters is speed, especially fingerspelling rate and peak
velocity.

One method for exploring the issue of control is to compare and
contrast data from productions of fluent and non-fluent fingerspelling.
Areas of control should appear in fluent fingerspelling but not in non-
fluent fingerspelling. As we have seen, a common belief, especially
among beginners, is that fluent fingerspelling is somehow faster than
non-fluent fingerspelling. We could predict, therefore, that fluent
fingerspelling will be characterized by faster fingerspelling rates and
average peak velocities than non-fluent fingerspelling.

As fingerspelling data was being collected for these studies, the
experimenter made entries in a log concerning any special conditions
pertaining to each trial. Some of these entries commented on the
subject’s fingerspelling fluency. In particular, it was noted that in four
trials the subjects produced noticeably non-fluent fingerspelling. Often,
these productions were the first trials in a new task. The non-
fluencies were not severe disruptions and did not result in "slips of the
hand" (Fromkin, 1980); that is, the resulting productions did not
incorporate anticipation, perseveration, or metathesis of segments.

They did, however, result in a noticeable lack of control.2 These
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non-fluent productions consisted of trial 13 of subject SMS (finger-
spelled B-U-T, one repetition); trial 18 of subject SMS (fingerspelled
B-U-T, five repetitions); and, trials 16 and 17 of subject TLS (finger-
spelled B-U-T, four repetitions for trial 16 and five repetitions for trial
17)s

To test whether fingerspelling rate is a controlled variable, the
rates of the fluent and non-fluent productions were compared. The
method used to calculate the fingerspelling rates was explained above,
The same fluent productions were used. For the non-fluent produc-
tions, three data-files were used (trials 16 and 17 of TLS, and trial 18
of SMS). Results are given in Table 5.6 below.

There is very little difference between fingerspelling rates of
fluent and non-fluent fingerspelling (t = 0.98, p = 0.384). In fluent
word production, 4.69 letters were produced each second, resulting in
an average sending rate of 213 milliseconds per letter. For the non-
fluent words, 4.41 letters were produced each second, or 227 milli-
seconds per letter.? Rate of fingerspelling does not appear to be one
of the parameters wunder control in fluent versus non-fluent
fingerspelling.

In order to examine peak velocity, data from non-fluent finger-
spelling (trials 13 and 18 of SMS, and trials 16 and 17 of TLS) was
compared to a set of fluent productions which was selected from
neighboring trials (trials 18 and 22 of SMS, and trials 19 and 20 of
TLS). The values are given in Table 5.7 below. The results show that
fluent fingerspelling has significantly slower peak velocities (246

mm/sec) than non-fluent (343 mm/sec), t = 5.56, p < .001.
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Table 5.6. Fluent versus Non-Fluent Fingerspelling Rates.

Fluent Non-fluent Trialx
Rate Time Rate Time

5.102 2.940 4,433 3.384 SMS18

4.524 3.316 4,732 2.536 TLS16

4,438 3.380 4.067 3.688 TLSIT
Std Dev 0.36 0.238 0.33 0.597
Mean 4.69 3.212 4.41 3.203

¥ Trial numbers are for non-fluent data only; fluent trial numbers are
the same as those listed in Table 5.5.

Table 5.7. t-Test Results, Peak Velocities.

Standard Standard
Category Mean Deviation Error
Fluent 245.7689 62.506 11.813
Non-fluent 343.0659 67.139 12.921

% Degrees of 2-Tail
Value Freedom Prob.

-5.56 52.39 .000
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These results seem counter-intuitive, until we realize that the
faster peak velocities of non-fluent fingerspelling may be the result of
a lack of control; that is, they may indicate uneven, jerky movements.
If this is true, then the important factor for determining whether peak
velocity is controlled in fingerspelling is not the absolute value of the
mean peak velocities but the degree of variability among peak veloci-
ties. Low wvariability in fluent fingerspelling, and high wvariability in
non-fluent fingerspelling, would be evidence that peak velocity is a
controlled factor.

The following method was used to measure the degree of vari-
ability in peak velocities. First, peak velocities for each marker were
measured on the velocity plots of each data-file; the mean peak
velocity for each marker was calculated. Next, variability of peak
velocities was derived by taking the absolute value of the difference of
individual peak velocities and the mean; this calculation was repeated
for each marker across all the data-files. The formula is given in (2)

below.

(2)

PUuar- z |PUi N W'

The resulting values were used as the measure of variability. Mean
values for fluent and non-fluent fingerspelling are given in Table 5.8
(mean values given in mm/seconds). A t-test indicates that fluent
productions were characterized by significantly less variability in peak

velocities, t = 5.97, p < .001.
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Table 5.8. Peak Velocity Variability, Fluent versus Non-Fluent.

Standard Standard
Category Mean Deviation Error
Non-Fluent 36.9655 43.979 3.640
Fluent 14.1147 14.503 1.176

t Degrees of 2-Tail
Value Freedom Prob.

5.97 175.04 .000

The data presented above can be understood in terms of rhythmic
control. Cooperativity among articulators results in an overall evenness
to fingerspelling motions; the peak velocities of an individual articulator
over time tends to show little variability. In non-fluent fingerspelling,
where such cooperativity is lacking, the variability of peak velocities is
much greater, resulting in an uneven, jerky production.

Control of peak velocities is one indication that cooperativity
among articulators is present in fingerspelling. Further evidence of
control, and one which is an even a stronger indication of an underly-
ing dynamic organization to fingerspelling, is the temporal synchronicity
of individual articulators. The phenomenon is best illustrated by
examining velocity plots of fluent and non-fluent fingerspelling.

Figure 5.1 below shows a plot of trial 14 (SMS), an example of

fluent fingerspelling. The important feature to notice is the timings of
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the articulators at their peak wvelocities. Although the peak velocities
of each articulator do not coincide precisely, a high degree of temporal
co-occurrence can be observed. When the subject’s index finger is
moving its fastest, so are the thumb and the hand (although, in most
cases, the hand movement is minimal).

Figure 5.2 provides an interesting comparison. This is a plot of
trial 13 (SMS), an example of non-fluent fingerspelling. A higher
degree of non-synchronicity among individual articulators can be
observed; the peak velocities do not overlap to the extent that was
seen in Figure 5.1.

The difference is even more striking when velocity plots of
repetitions are observed. Figure 5.3 shows trial 20 of subject TLS
producing fluent fingerspelling. The synchronicity of the peak veloci-
ties of individual articulators is again apparent. In non-fluent repet-
itive fingerspelling, however, the same temporal variability described
above appears. Figure 5.4 is a plot of non-fluent fingerspelling from
trial 17, the non-simultaneity can be clearly observed. It should be
noted that Figures 5.3 and 5.4 represent plots of the same subject
fingerspelling the same word; the production occurred within 30 seconds
of each other. The only difference is that trial 20 was fluent and trial
17 was non-fluent. Such synchronicity, if it is a significant feature of
fluent fingerspelling, provides initial evidence of cooperativity among
articulators and thus of an underlying dynamic organization to

fingerspelling.
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Figure 5.1. Fluent Fingerspelling (one repetition).
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Figure 5.2. Non-fluent Fingerspelling (one repetition).
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Figure 5.3. Fluent Fingerspelling (five repetitions).
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Figure 5.4. Non-fluent Fingerspelling (five repetitions).

A measure of temporal synchronicity was devised which evaluated
the degree of synchronicity of the articulators. Figure 5.5 below
illustrates the technique used. The timings of the peak velocities for
each of the three markers was noted. These times correspond to ti,
t2, and ts. The standard deviation of these three times was computed
and used as a measure of temporal synchronicity. Thus, if the velocity
peaks for all three markers occurred at exactly the same point in time,

the temporal variability would be zero (perfectly synchronic); as the
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timings of the three velocity peaks vary, the standard deviation
increases. This process was repeated for each set of peak velocities in
the trial.d The set of temporal synchronicity values was then grouped
according to fluent or non-fluent productions and a t-test applied to

determine whether the two groups were significantly different.

Figure 5.5. Measurement of Temporal Synchronicity.

The results for the measure of peak velocity timings are given in
Table 5.9 (times are given in seconds). In fluent fingerspelling, the
timings of the peak velocities of each articulator showed an average
temporal variability of 18.6 milliseconds. For the non-fluent finger-

spelling data, the articulator timings showed an average variability of
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40.3 milliseconds. A t-test indicates that the fluent and non-fluent

groups are significantly different, t = 3.77, p < .001 (one-tail).5

Table 5.9. t-Test Results, Peak Velocity Timings.

Standard Standard
Category Mean Deviation Error
Fluent .0186 .010 .002
Non-fluent .0403 .028 .005

t Degrees of 2-Tail
Value Freedom Prob.

=3.77 30.80 .001

3.1. Discussion

The results reported in this chapter support three broad con-
clusions. First, it is clear that speed, at least simply considered, is not
an important point of control in the underlying organization of
fingerspelling. When measured in terms of rate of letter production,
the fluent words in this study were not produced significantly faster
than the non-fluent words. Moreover, the fluent rate of 213 milli-
seconds per letter accords well with the average speed reported by

other researchers. Thus, although these data were collected under
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laboratory conditions, the data seem to be entirely representative of
normal fingerspelling.

When speed is measured in terms of the mean peak velocity of a
moving articulator, the situation becomes more complex. In this case,
fluent fingerspelling is different than non-fluent fingerspelling, but in
the wrong direction. Rather than moving faster, the index finger in
fluent fingerspelling moved with an average maximum velocity of 246
mm/sec, significantly slower than it moved in non-fluent fingerspelling
at 343 mm/sec.

Secondly, the results point to peak velocity as a possible point of
control. Interpreting these results in terms of the model proposed in
Chapter Four provides further support for the notion that transitions
are significant features of fingerspelling. Peak velocities occur at the
point where an articulator’s acceleration changes sign -- that is, where
positive acceleration becomes negative and vice versa. For fingerspell-
ing data, these points occur midway through a motion; in terms of the
model, they are the nucleus of the transitions in these simple words.
Thus, these results provide cne more source of evidence that transitions
are likely to be a significant aspect in the organization of fingerspell-
ing. This conclusion is supported by other lines of evidence suggesting
that "acceleration and its effects are likely candidates for perceptual
importance”" (Shaw and Cutting, 1980:77; see also Runeson, 1974;
Summerfield et al., 1980).

Finally, both the peak wvelocity and the temporal synchronicity

findings provide preliminary evidence for an underlying dynamic

organization of fingerspelling production. One consequence of a
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dynamic view is that "real systems . . . consist of ensembles of coupled
and mutually entrained oscillators and that coordination is a natural
consequence of this organization" (Kelso, Tuller, and Harris, 1983:140).
Cooperativity, in this case, appears as the result of individual ar-
ticulators working together in a functional grouping -- a coordinative
structure. When such cooperativity is not present, we predict that
articulators will act in an independent, uncoordinated fashion. The
data presented here support this prediction. In non-fluent finger-
spelling, individual articulators act relatively independently of each
other. Dynamic control is evidenced by the mutual entrainment or
"mutual synchronization" (Turvey, 1980:53) of many independent
articulators. In fluent fingerspelling, we see this when individual ar-
ticulators are controlled so that they act as a unit both temporally and
kinematically. In the terminology of dynamics, this phenomenon may be
understood as the lowering of degrees of freedom in a complex, multi-
degree of freedom system; the result is that the complex system is
"coordinated to produce functionally-specific ordered behavior or
spatiotemporal patterns"” (Kelso and Schoner, to appear). In terms of
the linguistics of fingerspelling, ensembles of independent articulators
become functionally grouped and operate in a cooperative, coordinated

manner in the service of a phonological goal -- the production of com-

prehensible words.
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Notes to Chapter Five

1. This is not an ideal method for determining precise timings, since
the peaks occur midway through the first and the last movements; in
other words, this method systematically underestimates the time. It
was used because locating the exact points where fingerspelled words
begin and end with any degree of reliability was not possible. In any
event, the degree of error is likely to be very small, since the data
analyzed consisted of several repetitions of the same word.

2. Since the experimenter was the only person observing the subjects
and WATSMART data carries no visual record, there is no way to test
the reliability of the fluent/non-fluent distinction. It should be noted
that the experimenter is a certified interpreter, a trained evaluator of
interpreters for the Registry of Interpreters for the Deaf, and a
fingerspelling instructor -- in short, he is accustomed to making
judgments of fluency of fingerspelling. The original log entries were
made merely as a record of relevant factors in the data collection and
not for a studied variable; thus, they are unlikely to be biased.

a: The timings were calculated by dividing the total time taken into
the number of letters produced. For all but trial 16 of TLS the
numerator was 15 (five trials of a three-letter word); trial 16 used a
numerator of 12 (four trials of a three-letter word).

4, The method used here measured overall temporal variability and
was not able to distinguish between random versus consistent timing
differences. The distinction is between synchronicity and entrainment.
"Synchronicity is that state which occurs when both frequency and
phase of coupled oscillators are matched exactly; entrainment refers to
the matching of frequencies, although one oscillator may lead or lag
behd the other" (Kelso, Tuller, and Harris, 1983:159). For example,
consider the case where one articulator consistently reaches a peak
velocity 50 milliseconds before another. Since the difference is
consistent, it should not be considered a lack of ccordination. The
current method would, however, treat this as tzmporal variability on
par with the type of random wvariability which should be viewed as
uncoordinated. It should be noted that while this may pose a problem
for future studies which examine more complex words, there is no
evidence of such phase differences in the present data. Thus, for these
simple fingerspelled words, this method seems entirely adequate.

B The probability reported in Table 5.9 is for a 2-tail test; however,
since a prediction in one direction was theoretically motivated (non-
fluent groups would show more variability), a 1-tail test is appropriate.







Chapter Six

Future Directions in Fingerspelling Research

L. The Linguistic Study of Fingerspelling

The linguistic study of ASL has flourished in the last two decades,
contributing significantly not only to our knowledge of the grammar of
this signed language but also to our general understanding of the
human capacity for language (Bellugi and Studdert-Kennedy, 1980;
Newport and Meier, 1985; Poizner, Klima, and Bellugi, 1987). Yet, one
form of signed language, fingerspelling, has gone virtually unnoticed by
researchers. We have very little empirical data on the acquisition,
perception, and production of fingerspelling.

What could have caused this lack of interest in fingerspelling?
Two explanations, one political and the other theoretical, are plausible.
Early linguistic research on signed language was preoccupied with
establishing ASL as a language in its own right, unrelated to any
spoken language, and not a mere derivative of English. Fingerspelling
clearly relates at some level to a spoken language -- it is a derivative
of English indirectly, through the secondary medium of written English.
Thus, the linguistic study of fingerspelling did not fit within the agenda
of the times.!

The second explanation concerns the prevailing theoretical
assumption at the time that the sublexical structure of signed languages

is primarily simultaneously, rather than sequentially, organized.

Fingerspelling is clearly sequential. Even if the political climate could
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have supported a study of fingerspelling, the theoretical framework
implied that fingerspelling is essentially different from signed languages
and thus of little interest.

Times have changed, and both the political and theoretical
climates are more conducive to the linguistic study of fingerspelling.
ASL has firmly taken its place as a legitimate language; in fact, many
colleges and universities offer ASL in fulfillment of their foreign
language requirements (Wilcox and Wilbers, 1987). The advent of
sequential analyses of signed language phonology now motivates a
theoretical re-evaluation of the structure of fingerspelling.

The common conception of fingerspelling is that it consists only
of a sequence of handshapes which correspond to English letters. This
simple cipher model of fingerspelling, while describing a necessary
feature (the handshape/letter correspondence), is clearly inadequate to
explain how fingerspelling is acquired by young deaf children or hearing
adults. Hearing adults learning signed languages in a college setting,
for example, feel that learning to understand fingerspelling is one of
the most difficult tasks that they face. According to the students
surveyed in this study, learning to understand fingerspelling is even
more difficult than learning to understand ASL. The implication of this
finding may not be immediately obwvious, but it is tremendously impor-

tant. Learning to fingerspelling is more like learning another language

than learning a code for English.

Why is fingerspelling so difficult to perceive? In order to begin
answering this question, we need a much more detailed understanding of

the phonetic structure of fingerspelling; to know why fingerspelling is







124
so hard to see, we need to know more about what people are looking
at. Fingerspelling is not merely a sequence of static, canonical forms,
but a continuous signal in which the fingers are constantly moving
towards targets which are rarely, if ever, unambiguously achieved.
Even a simple exploration of the kinematics of fingerspelling demon-
strates that most of the time spent in motion is not in a canonical
handshape. The implication for comprehension is clear. If students are
trying to perceive static, unambiguous handshape -- the forms that they
were probably taught in class -- then it is little wonder why they find
fingerspelling so difficult. They are looking for something that is not
there. Deaf children acquiring fingerspelling as part of their first-
language acquisition, on the other hand, do not approach the task with
the preconception that fingerspelling is so organized. Consequently,
they perceive fingerspelling more as complex "signs" -- much the same
as the normal route of language development in hearing children, who
first acquire whole units (words, phrases, and formulaic expressions)
and only later begin to manipulate the parts.

Studying what people are looking at in kinematic terms is
equivalent to describing fingerspelling at the phonetic level. We will
not want to stop at this level; an understanding of how fingerspelling
is organized and controlled as a system is the next logical step. The
kinematic studies reported here also were intended to pcint the way

towards the development of a dynamic model of fingerspelling.







2. Motion Analysis: Implications for the Study of Fingerspelling

The measurement of fingerspelling movements presents the
researcher with many special challenges. Under ideal conditions, words
would be chosen which clearly incorporaite the movements under
investigation. These movements would be monitored and the resulting
movements measured. Several obstacles were encountered in the
present study which obviated operating umder such conditions.

First, as noted in Chapter Three, the laboratory arrangements
could not be adjusted. This required selecting words which could be
adequately monitored under the existing arrangement. In addition,
certain constraints imposed by the equipmemnt itself had to be taken
into consideration. Since WATSMART is an optical monitoring system,
it was critical that all three markers be visible to both cameras. Even
though WATSMART software can perform splining procedures to
interpolate for missing data, substantial obistruction of the markers
necessarily results in loss of data. This als®, therefore, limited which
words could be used and where the markers could be placed.

Part of the problem is the fact that WATSMART is not a truly
non-intrusive system; the markers themselvers imposed certain limita-
tions. The markers had to be attached to thie subject’s hand and the
wires connecting the markers to the host computer had to be taped to
the arm. The base of the markers was a plastic cup appruximately 10
millimeters in diameter. Together with ther mounting material, this
formed a substantial addition to the subject’s fingers. Although motion
was not restricted by the attachment of markers, words had to be

carefully chosen so that they would not be: formed in a way which
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would either be impaired by the markers or risk obscuring or detaching
a marker. Of course, naturalness also has to be considered; not only
did the subjects have equipment attached to them, but they were in a
laboratory situation.

A second and more serious limitation of WATSMART is the lack of
a visual record. WATSMART data consist only of two-dimensional
coordinates, represented as values in a data-file. These values can be
plotted and manipulated in various ways (filtered, differentiated, and so
forth), but they do not represent a visual record of the motion.
Without a visual record of the item produced, it was difficult to know
exactly when a fingerspelling movement (as opposed to random move-
ment) began and to relate the very precise values obtained from
WATSMART with a signer’s sense of what "really counts” in finger-
spelling. In addition, several studies could not be conducted because
certain variables, such as timings of specific gestures {orientation
changes, for example), could not be identified from the data plots
alone. It should be noted that the problem was not that the data itself
was inadequate, but rather that without a wvisual record of the actual
movement the data could not be properly interpreted.

Other tracking systems exist which may be able to overcome these
limitations. One such system relies on high-speed (frame-rates of 60,
200, or 2000 Hz), shuttered video-cameras which track multiple targets
(Greaves, Wilson, and Walton, 1985). The targets can be identified by
any of three methods: explicit, active light sources (such as light-
emitting diodes); cooperative by passive targets (such as retro-reflective

tape); or totally passive targets (parts of the image which are
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inherently bright or dark with respect to the background). With this
system, precise kinematic data can be collected, while still allowing the
researcher to view the actual movements either at actual or slow-
motion speeds.

A second system translates hand and finger movements directly
into electrical signals (Foley, 1987). The subject wears a specially-
equipped glove which contains fiber-optic cables running the length of
each finger and thumb, sandwiched between two layers of cloth. An
LED sends light down the cables to a phototransistor at the other end.
The fiber-optic cables are specially treated so that light escapes when
the fingers flex; the greater the movement is, the more light is lost.
The phototransistor converts these light signals to electrical signals
which are then transmitted to a computer. Coupled with another device
on the back of the glove which can sense absolute position and
orientation, the glove provides a direct, non-intrusive way of tracking
fingerspelling movements. This system present an added advantage to
the researcher. Computer graphic images of the hand can be generated
on a Macintosh computer using data supplied by the glove. These
images can then be used as is, or manipulated on various ways (with
the addition of noise, deletion of portions of the movements, etc.) in
further psycholinguistic perceptual studies of fingerspelling. Such a
device has been used recently to develop a communication aid for use
by deaf and deaf-blind persons which translates fingerspelling motions
(finger angles) to synthesized-speech (Kramer, 1987).2

The ability both to track high-speed movements in three-dimen-

sions and to view the same movements on videotape opens the door to
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several further psycholinguistic studies. A few of them will be

discussed in the next sections.

3. Future Directions
3.1. Learning to Fingerspell

Acquisition of fingerspelling, especially learning to understand
fingerspelling, is not easy for hearing adult learners. It is not the
same as learning a static handshape/letter cipher for English. What is
it about fingerspelling that makes it so difficult?

First, we need to know what students are looking for -- what is
their perceptual strategy for comprehending fingerspelling? We know
that looking for individual letters is probably not the best strategy;
fingerspelled words are better understood as something "more than the
sum of their parts." Still, a whole unit cannot be seen unless one has
seen at least some of its constitutive parts. In other words, the
problem may not be that students must see whole words and not the
parts that make up the whole word, but that they are expecting the
wrong parts. Expecting to see perfectly formed, largely static hand-
shapes is tantamount to searching for the wrong part. Transitional
movements, as we have seen, may carry a substantial portion of the
information load in fingerspelling.

The temporal entrainment results support this conclusion.
Perceptual judgments oi" fluency are made at points where changes in
sign (from negative to positive and vice versa) in an articulator’s

acceleration occur. Acceleration changes sign (positive/negative)
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midway through a movement between two targets -- at the center of
the transition.

A preliminary discussion of the problem with fingerspelling
students has led to a similar conclusion. When they critique theirs and
other’s fingerspelling in an effort to discover what makes it difficult to
understand, they report two general problems: lack of letter definition,
and lack of word definition (in multi-word utterances). In both of
these cases, but especially in the case of letter definition, the problem
is not that they expect the fingerspeller to stop moving after each
letter; rather, there is a sense that the movements between letters
lacks "snap" (again, we must resort to subjective terms).

Future studies should continue in two directions. First, students
and proficient fingerspellers could be used to obtain reliable ratings
about the ease or difficulty of understanding various styles of finger-
spelling. Then, these different styles could be analyzed to find the
kinematic variables that seem to consistently identify good versus poor
fingerspelling. Although fluency was not a major focus of this paper,
studies of fluent versus non-fluent fingerspellers afford the potential
for contributing enormously to our understanding both of production
and perception of fingerspelling. Naturally, studies of this type require
the capability of viewing the actual movements that are being tracked

and analyzed.
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3.2. Models of Fingerspelling

The model of fingerspelling presented in this paper is tentative at
best. Several studies can be suggested which would extend and revise
this model.

One of the most serious limitations of the study appears to be the
ad hoc determination of targets and transitions. Again, this was neces-
sitated mainly because of equipment limitations. Future studies should,
however, attempt to remedy this situation by determining in a more
principled way where targets begin and end. High-speed videotape,
such as the system described above, could enable the researcher to do
this by presenting single frames from various points along the trajec-
tory to a group of viewers. Similarity or identification procedures
could be used to determine when the salience of the handshape reached
the level where the subjects could accurately identify the target.
These points could then be used as the beginning and end points of the
target, and the portion between them as the transitions.

Another limitation concerns the restricted data used in this study.
Although the procedures used in this study collected 2,250 data points
per second, these data represent only three subjects producing a
restricted set of fingerspelled words.

Finally, this study has claimed that a dynamic model of finger-
spelling is possible, and preliminary evidence was offered that supports
this claim. Future studies should focus on testing predictions which
the dynamic model makes concerning the organization of fingerspelling.

One prediction made by dynamic models is that a challenge or

perturbation to one or more members of a functional grouping of
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articulators, a coordinative structure, will be responded to by other,
non-mechanically linked members of the group. The bite-block experi-
ments cited in Chapter Four offer evidence that such an organization is
present in speech (Kelso, Tuller, Vatikiotis-Bateson, and Fowler, 1984).
Experimental data indicating that fingerspelling articulators react in the
same way would provide evidence in support of the dynamic model.

An interesting corollary to this type of experiment could be
conducted using fingerspelling and speech. There is a popular method
of communicating, called Simultaneous Communication or Sim Com, in
which signers both speak and sign -- or fingerspell -—- at the same
time3. It has often been suggested that Sim Com is more than the
mere simultaneous production of a language in two modalities, another
case, if you will, of the whole being more than the sum of its parts.
Simultaneous communication imposes new and unique processing demands
on its users (Baker, 1978).

Dynamic modeling offers both a way to understand Sim Com and a
test of the prediction that coordinative structures -- in this case
incorporating functional groupings of articulators across linguistic
modalities -- behave cooperatively. The prediction is that the speech
articulators and the fingerspelling articulators will form a coordinative
structure and act as a unit. In the words of dynamic theory, "when an
individual speaks and moves at the same time, the degrees of freedom
are constrained such that the system is parameterized as a total unit"
(Kelso, Tuller, and Harris, 1983:151). A perturbation to one of the

speech articulators or one of the fingerspelling articulators would result
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in a cooperative reaction from other, non-mechanically linked, ar-
ticulators.

Another prediction of dynamic theory is that certain variables will
remain invariant across transformations in the production. In speech,
evidence has been offered that relative timing among articulators
remains constant across substantial changes in duration and amplitude
of articulator activity such as occur when a speaker varies her speaking
rate and stress pattern (evidence from linguistic but non-speech tasks,
and from non-linguistic motor tasks also exists, see Viviani and
Terzuolo, 1980; Grillner, 1975). Future studies of fingerspelling should
focus on varying fingerspelling rate and stress patterns in the search

for invariant patterns of organization.

3.3. The Search for Unity

The British physicist, Paul Davies, has remarked that "all science
is the search for unity" (Davies, 1984:6). The science of dynamics, and
the allied field of synergetics, has provided researchers with powerful
tools for exploring unity across a wide range of physical, biological,
chemical and biochemical, sociological, and linguistic systems (Abraham
and Shaw, 1982; Haken, 1977, 1985). Signed languages, not only
commonly recognized natural and "primary"” languages such as American
Sign Language but also representations in the signed modality like
fingerspelling, provide researchers with a unique setting into which we
can extend the search for unity.

Similarities in organization between human linguistic movements

such as speech or writing, and non-linguistic movements such as finger-
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tapping or walking, are one source of evidence for a unity of structure
at a very deep level. There is yet another gap in this evidence,
however, which research on signed languages can bridge. The study of
the dynamic organization of linguistic movements to date has focussed
on movements which are only secondarily significant. The motions of
the vocal tract articulators are not meaningful in themselves, but only
in the way that they structure sound for a listener. Those other
human movements which have been studied, on the other hand, to the
extent that they are meaningful at all, are not linguistic.

Signed languages are different. Here, the motions are not only
linguistic, but they are also meaningful primarily as motions. Whereas
a listener is not concerned with the movement of a speaker’s glottis
but only with the sounds which result, one who watches signs or
fingerspelling is concerned with the motions themselves.

"If nature operates with ancient themes, as we suspect, then the
same laws/strategies should appear at every level of description, and
despite differences in material structure” (Kelso and Scholz, 1985:146-
147). It has been common in the past to conceive of signed languages
as very different than spoken languages. Throughout most of history,
signed languages were not even thought to be languages. This view
was discarded only in the face of massive evidence to the contrary.
Later, linguists claimed that signed and spoken languages were critically
different in their phonological structure. Spoken languages, they
argued, are primarily sequential in their underlying organization, but
signed languages exhibit a simultaneous sublexical structure. As we

have seen, even this conception is now being questioned. Indeed, the
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entire course of thinking which contrasts signed and spoken languages
has been one of positing differences, only to find that on closer
inspection the differences are insignificant, or, considered on a more
abstract level, do not even exist.

"Whether spoken or signed, language is activity and might,
therefore, reflect the organizational style that characterizes the control
and coordination of acts” (Turvey, 1980:41). This study has attempted
to do more than merely provide a fine-grained look at the phonetic
structure of fingerspelling. It was motivated by a belief that dif-
ferences attributed to the material structure of language may only
reflect the level of abstraction of our linguistic theories. Thus, this
study also was intended to rationalize and explore a more abstract view
of signed and spoken languages. According to this view, language is
understood not just as a mapping between meanings and sounds, but
more generally as a mapping between intentions and actions. In both
signed and spoken languages, human actions produce motions which
communicate intentions. Dynamics, as the simplest and most abstract
description of the forms of motion produced by a system (Maxwell,
1877), can serve as a powerful tool in the search for a unified theory

of language.
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Notes to Chapter Six

1. The only linguistic study conducted during this period that related
to fingerspelling was Battison’s (1978) study of loan signs, where it was
shown that words from one language (fingerspelled English) are

borrowed into another (ASL).

2 Addresses for manufacturers of both of these systems are in
Appendix 6.

3 Since it is not possible to produce two languages simultaneously,
even when dual modalities would seem to support it, signers must be
using English in order to do Sim Com.

e
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Sign Language Survey
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SIGN LANGUAGE SURVEY

The following survey is designed to collect information about which
aspects of learning a signed language students find easiest, and which
they find more difficult.

Please evaluate the activities described below by ranking them on a
scale from 1 (EASIEST) to 12 (MOST DIFFICULT). Each number from
1 to 12 can only be used once! That is, you must pick which activity
is the MOST DIFFICULT and assign it number 12, then the next most
difficult will be 11, and so on, until you arrive at the EASIEST
activity, which will be number 1. Of course, you can start with the
EASIEST and work towards the MOST DIFFICULT if you want. But
remember, it is important to assign each number from 1 to 12 ONLY
ONCE.

Please do NOT put your name on this form. Also, please try to answer
the questions in a way which reflects your evaluation of how inherently
difficult the task is. That is, do not allow specific classes or
instructors to affect your evaluation of the task itself.

Thank you for your time and assistance. 1 will make the results of
this survey known to Phyllis Wilcox and Chris Monikowski.







10.

11.

12,

Activity Rank

Understanding Pidgin Sign English
when produced by a hearing signer.

Understanding fingerspelling when
produced by a deaf person.

Producing American Sign Language.

Understanding Manually Coded
English when produced by a deaf
person.

Producing fingerspelling.

Understanding American Sign
Language when produced by a deaf
person.

Producing Pidgin Sign English.

Understanding American Sign
Language when produced by a hearing

person.

Understanding fingerspelling when
produced by a hearing person.

Producing Manually Coded English
(any system).

Understanding Pidgin Sign English
when produced by a deaf person.

Understanding Manually Coded
English when produced by a hearing
person.
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Appendix 2

Survey Cluster Analysis
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Survey Correlation Matrix

P00
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Agglomeration Schedule using Average Linkage (Between Groups)

Clusters Combined Stage Cluster lst Appears Next
Stage Cluster 1 Cluster 2 Coefficient Cluster 1 Cluster 2 Stage
1 4 12 .523700 0 0 4
2 6 8 .449500 0 0 b
3 1 7 .377000 0 0 6
4 4 10 .337700 1 0 8
5 3 6 .283900 0 2 7
6 1 11 . 280850 3 0 8
7 2 3 .210067 0 8 9
8 1 4 .091911 6 4 511
9 2 9 .055700 7 0 10
10 2 5 -.024820 9 0 i1
11 1 2 -.292228 8 10 0







Appendix 3

WATSMART Technical Specifications







Camera Specifications

Resolution:

Absolute Accuracy:

Pyramidal Field of View:

Optics:

Frequency Responsivity:

Programmable Gain:

Distance:

Power Requirements:

Size:

Weight:

Aggregate Maximum Sampling Rate:

Strober Units

Size:
Weigut,:

Maximum Number:

IRED Markers

Type:
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- 1:4096 or 0.00025 of field
- corrected to 0.002 across field

- 33 degrees vertical and
horizontal (45 degree diagonal
angle)

- f1.25 lens with 22 mm focal
length

- infra-red light spectrum
- half-power wavelength range 900
nm to 980 nm

- auto-ranging, 5 ranges from 1 to
16

- dependent on emission power of
IRED marker

- compensates for optical power
loss up to 4 times the minimum
distance

- distance varies inversely
- 20 VDC, 15 W; 5 VDC, 2.3 W

- 146 mm high, 320 mm long, 85
mm wide

2.98 kg

4,700 markers/second per camera

9.5 mm by 35mm by 83 mm

1.23 ounces

eight strobers (64 markers)

single LD242-3 Light emitting
diode







Emitting Angle:

Range:

Maximum Strobing Frequency:

Controller Chassis

Size:

Weight:
Power:

Style:

Internal Power:

Strober Voltage O/P:

Safety Classification:

Cabling

Camera to Controller:

Controller to Strober:

Controller to IBM-AT:
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- half power in 120 degree cone,
10% power in 180 degree cone

- .75 to 4 meters visible at half
power angle. Closer at 180 degree
emission

- 400 Hz/marker without heat
sinking at maximum optical output
before damage occurs

- 168 mm high, 537 mm wide, 421
mm deep

- 18.1 kg
- 110-130 V, 60 Hz, 300 W

- similar in appearance to IBM-AT
system unit

20 VDC, 60 W (for 4 cameras)
+5 VDC, 45 W (for 4 cameras)
+15 VDC, 3 amps max

0 to +13.4 VDC
- variable - dependent on type of
marker and strobing frequency

electro-medical rating

Risk Class 2G

CSA standard C22.2 No. 125-1979
CSA standards C22.2, Nos. 0, 66,
107, 142, 143; Cl No. 6.8

- plug is hospital grade

- 32 ft standard

- D-sub 25 pin connectors

- 22 gauge cable (Jelden 9515 or
eguivalent)

- 26 gauge minimum, maximum
length 25 ft or 22 gauge, max
length 40 ft

- 2 feet, D-sub 25 pin connector







Calibration Frame

[/O Base Address:

I/0 Range:

Recommended Computer
Configuration
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- User selectable via dip switches

- Base address to base address +
16 decimal

- IBM-AT, 640K, 21 MB hard disk,
1.2 MB floppy disk

- IBM Color Graphics Adapter
(CGA) or Enhances Graphics
Adapter (EGA) and color monitor

- 80287 floating point math
processor

- DOS 3.2
- parallel printer port, graphics
printer
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Appendix 4

Capturing and Editing Graphic Displays
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The discussion of movement data in this dissertation relied
critically on the display, capturing, editing, and integration of graphic
images into the textual documentation. This appendix describes the
techniques used.

All graphic displays of movement data used programs written for
use with the WATSMART system, either commercially available from
Northern Digital or from the University of Waterloo (equipment and
software addresses are listed in Appendix 6). These programs were
written to display images on CGA or EGA graphics boards and monitors.
(CGA and EGA are two popular display standards for IBM PC and
compatible computers.) Although the display programs do not require a
math co-processor, the plotting function is greatly enhanced if one is
present. For example, using DISP to plot data with a math processor
takes about five seconds; without the math co-processor, the same data
takes approximately one minute to plot.

In order to integrate these graphic images into the text, the
commercially available program INSET was used. INSET allows a user
to capture images generated by any program and store the image as a
special file. Using a graphics editor built into INSET, this image can
be edited in several ways, including line drawing, image resizing, and
addition of text.

To integrate these graphic images into text, the user places a
special tag into the word processor file at the point where the
insertion should take place. INSET works with most popular word
processors. INSET provides a preview function which makes it easy to

adjust the word processor document to ensure that the graphic image
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fits precisely. Using the word processor’s print function, the user then
prints the document. INSET remains memory-resident; when the tag is
located, INSET takes control of the printing function and inserts the
graphic image. When this is completed, INSET turns control back over
to the word processor, which continues to print the document.

The same technique was used draw all of the figures, and to
capture and integrate charts generated by a commercial charting
program into the text.

One further problem had to be solved in the present study. As
mentioned, the programs used to plot WATSMART-collected movement
data expect to display to a CGA or EGA system. The computer used to
perform the data analysis was instead equipped with a Hercules-clone
graphics display. A set of programs which emulate a CGA display on
the Hercules card was used to run the plotting programs. Two
problems associated with this technique were encountered. First, a
slight ghosting of the display occurs with the use of the CGA emulator;
this only occurred as the display was being generated and did not
present a substantial problem. However, because of the way the
programs emulate a CGA on the Hercules board, when the resulting
plots were captured with INSET resolution suffered to such an extent
that the images could not be used. Therefore, all images reproduced in
this document were displayed on a Zenith 158 equipped with a CGA.
The plots were captured with INSET and stored. These images were
then loaded on a Zenith 158 equipped with a Hercules card; INSET
converted the images to match the display. The final, converted

graphics file could then be integrated into the text document.
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Appendix 5

List of Software
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The following programs are supplied with the WATSMART system.

WATSETUP.EXE

CALIBRAT.EXE
CONVERT.EXE

COLLECT.EXE
FILTER.EXE
VIEWDATA.EXE
DUMPDATA.EXE
TOFLOAT.EXE

GENFILT.EXE
KINEPLOT.EXE

program to setup the WATSMART system con-
figuration

calibration program

program to convert two dimensional camera units
to three dimensional coordinates in millimeters
main collection program

program to filter three dimensional data

program for displaying three dimensional data
graphically

program for viewing two or three dimensional data
as ASCII numbers.

converts data from the regular WATSMART data
format to floating point format

filters floating point format files

generates graphs from floating point format data
files. These graphs can also be produced on a
hard copy device.

The following programs were developed for use with the WATSMART
system by Bill Eickmeier at the University of Waterloo, Canada.

BFILTER.EXE

WATSWIND.EXE

SAVEVEL.EXE

SAVEACC.EXE

DIFFER.EXE
DISP.EXE

performs a second order dual pass Butterworth
filter on converted data files

allows the users to window displacement data to
determine a start and end point through the use of
resultant velocity profiles of the IREDs
differentiates the X, Y, and Z displacement axes
and stores the X, Y, and Z velocity wvalues
calculates the 2nd derivative of the X, Y, and Z
displacement axes and stores the X, Y, and Z
acceleration values

differentiates the X, Y, and Z axes of any file
displays plots of data files, with options to view
all markers and axes, including resultants

The following programs were used bv the author to facilitate the
displaying and printing of plots generated by some of the above

programs.

SIMCGA.COM and
SETCGA.COM

INSET

See also Appendix ¥,

Public domain programs which allow a Hercules
Graphics Card to simulate a Color Graphics
Adapter.

A commercial program which allows the user to
capture, edit, and enhance images and integrate
them into a word processor document. INSET is
copyright 1985, 1988 by the American Programmers
Guild, Inc.







Appendix 6

Equipment Addresses







American Programmers Guild, Ltd.

12 Mill Plain Road
Danbury, CT 06811

Motion Analysis Corporation
93 Stony Circle
Santa Rosa, CA 95401

Northern Digital, Inc.
403 Albert Street
Waterloo, Ontario
CANADA N2L 3V2
Phone 519-884-5142

VPL Research, Inc.

656 Bair Island Road
Suite 304

Redwood City, CA 94063
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Appendix 7

Subject Consent Form







CONSENT

[ understand that the project in which I am taking part will
examine the motions involved in fingerspelling. All names will be kept
strictly confidential. I have read and understood this form and am

willing to participate in the project.

Signature

Date
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