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ABSTRACT

This study describes and evaluates a methodology for sign language word list comparisons.
The purpose of this sociolinguistic research tool islémtify similarity relationships among sign
language varieties bgssessingimilarities of lexical itemsSimilarities are calculated using the

Levenshtein distance metric which measures the number of differences betwsen sign

In this study, he methodlogy wasrefined for optimal efficiencyhrough an analysis of:
which parameters of a sign should be compared, which values should be included in each
parameter value inventory, and which items should beinghé word list As a result of the
study, Ipropose both an efficiesbding system andraethodology that is replicable and
relatively objective, easilynerges multiple data sets, and identifies similardi@®ng sign
language varietieg.hevalidity of the methodologis supported bgimilarity groupingresuls

thathighly correlate withintelligibility testing resultf other studies

Theword list data for this study comes from video data archived with SIL International that
represents 50 sign language varieties from 13 countniestly in Lain America and the

Caribbean.
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CHAPTER 1

INTRODUCTION

Research in language variation can offer helpful insights to organizations and individuals
involved in education planning, language policy, and language development. In language
variation studieshe use ofmultiple research instruments that explore a broad range of
sociolinguistic and linguistic factors in variation a@mforceconclusiondy describing the
language situation from a variety of perspecti@serelatively straightforwardesearch
instrumentused to assess language relatedness is comparison of wordHists.ardwo general
methodolodral approachethat have been appliedword list comparisons of spoken languages:
comparing cognates (forntisathave descende€idom a common historical forjrand comparing

similar forms regardless of the historical relationships.

Within the approackomparing cognateshehistoricatcomparativanethod(Campbell 2004,
16-27, 188197) comparedanguage varietiet® identify sharednnovationsand groups the
varieties based on these shared innovatiorhe absence of a historieedmparéve analysis of
the varieties, ponostatistiand lexicostatistictnethodscan be used to determine the relatedness
of the varieties being studied. Phonostatistic methods do this by measuring phonological
differences between forngSimons 1977)Early practitioners of lexicostatistics identified
apparent/probable cognates based on phonetic similarity, and cognhate percestagseato
determine language relatedness (similarity groups were based on both shared innovations and
shared retentiongisudschinsky 1956, 1881). More recently, some practitioners have proposed
that related forms should be identified purely on the basis of phonetic similarity, regardless of the

actual historical relationship between tbems(Sanders 1977, 327).



A variety of methods have been used to calculate the phaimilarity of forms.
McElhannon(1967)judged forms as similar if 50% or more of the phonecwe®sponed.
Deibler and Trefry{1963)calculated similarity by scoring comparisons on a scalerofteefour
based on the number of phoneme differences between the two Blaing1990)outlined what
has become a common methodology to assess lexical similarity. When comparing two forms, all
pairs of phones are classified into one of three categories; and forms are considered as similar or
nonsimilar depending on the number of phone pairs in eatdgory and the word lengtbising
this method, language varieties are grouped based on the overall percentage of simil&oforms.
a rough simplification of the scoring criteria, two forms are considered similar if at least half of
the phones are idengitor very similar, another 25% are at least somewhat similar, and only 25%
of the phones can be differgiitlair 1990, 3133). In the past decade, the Levenshtein distance
metric (minimum number of edits required to convert one form into anokiarbeen used to
calculate similarities between forros a gradient scale usiagmore nuancesheasurement than

the similar vs. nossimilar categorizatiofiHeeringa et al. 2006)

Sign language researcheising word listtomparisondiavegenerally followed the lexical
similarity tradition since the early research frim late 1970't0 the present. In the following
three sections, | will briefly describan example of lexical similarity analysis spoken
languages, howrevious studies have analyzed lexical similarideg®ngsign languages, arad

problemin previous studies thatill be the focus of this study.

1.1 Analyzing word lists for lexical similarity

For an example of a lexical similarianalysisn spoken languageKluge (2000; 2005)
describes a study of 49 Gbe language vari@ti®gest Africa.For one set of similarity judgment
criteria, Kluge followedB | ai r 6 s n{E90withdadelw ongdificationdbased on a

comparison approadby Schooling1981)that ignoreseduplication and apparently affixed



morpheme®ccurringin the same positioror an example dfiow this similarity criteria would
consider words asimilar or norsimilaramong selected Gbe language varidteshe item

fi ¢ o se@Tablel (Kluge 2000, 19)With focus on the morphem the Arohun Ayizo, andBe
variety formsare considered similar since yhehare two identicglhoneticsegmentg4 andg
and theadditional affixed morphemedbu andnk) in the Ayizo and Bevarietyforms are
disregarded since they occur in the sawstipn. The Dogbo and Be variefgrmsare
considered nosimilar since thedditionalaffixed morphemesr{Kandxwe do not occur in the

same position.

Table 1: Similarity grouping examplebased on Bl airdserbhexical similari

Similar words Non-similar words

"® (Arohunvariety) | x we /g (Do
‘@ou (Ayizo variety) | "@ @{Be variety)

" @{Be variety)

Usingthis criteriafor identifying similarforms, Kluge's Gbe study identifieithree main

clusters of the 4%hguage varieties.HE lexical similarity percentageanged from 74100%
between any twéanguage varieties within one of the three n@irstes, theaverage similarity
among all varietiewithin a clusterangedfrom 8291%, and the average lexical siliamity

betveen clusters ranged from-84% (Kluge 2005, 34)

1.2 Previoussign languageword list comparisonstudies

Over the last few decadatgzens obign language researchers have ysdentages of
lexically similar words irword list comparisons as a research instrumentdorlanguage
identification makingmeaningful contributions to crodisguistic and variation studiem
generalto evaluate lexical similaritthesestudieseachidentified a sebf signparameterso
compare and developed a scoring critani@ortunatelythe scoring criteria and the set of

parameters were often difemt in each study



In four of theprevious studies, three parameters have been used for comparison: handshape,
location, and movemenGuerra Currie et a(2002)and Aldersson and McEntédalianis (2008)
scored signs as similar if at least two out of the three parameters were identical. §RB0&d
grouped signs as similar if the locations were the same and either the handshape ontnoveme
parameter was also the same. For example, these three stadiésonsider the two signs for
fiwat er 0 Figuned asmsinilar since they diffein justthe handshape parameter and the

location and movement parameters are the same.

Figure 1: Signs that would beconsideredsimilard identical in two out of three parameters

&

\ | L) B

b — | A v
) \ 1 | 1

Hendriks(2008)used these same three parametersfooused orthe initial locationof a

sign forthe location parameterendriksdscoring criteriggave one point if all three parameters
matched, half of a point if two out of three matched, and zero points if less than two parameters

matched

Vanhecke and De Weer(004, 30)compared four parameters (handshape, location,
movement, and orientation), and identified four types of similaritizer scoringsystem
identical (four out of four parameteidentica), similar (one small difference in just one
parameter), related (differences in one or two parameters), and different (more than two
parameter differences)ohnson and Johns¢2008)compared signs based on theaeefour

parametersand in some casesfifth nonmanual parameter.ofeach parameter thatas



identicalthey gaveonefourth or onefifth of apoint depending on whether four or five
parameters were compar&hsaki(2007)evaluated word listeased on five parameters:
handshape, location, mement, orientation, and om@b hands Sasaki usedcoring criteria that
categorized signs into three groups: identical, simitaur(but of five parameteidentica), and
distinct Xu (2006)compared signs based on the follogviive parameters: handshape, location,
movement, palm orientatioandiconic motivaton. In Xu's scoring criteriagt least three out of
the five parameters neededa® identicato be scored as similain addition to the five
parameters, Xu also codsirediconicity and handednesghen eviuating similarity Hurlbut
(2007)compared signs based a@ven parameters, and weightedre heavilycertain parameters
considered to be of extra importance. Hurlleared signs as similar if at least two parameters

were identical.

Woodward(1977, 337340; 1993)alculatedexical similarity and listed the percentage of
similar forms betweeword list items of sign varietieslowever, Woodwardescribesio
scoringcriteriausedto identify similar formsor what if any parameters were identified for
comparisonParkhurst an®arkhurs{2007, 12)used a scoring crite where one point was given
if signswereidentical half of a point if judged as similar, and zgaintsif judgedascompletely

different but did not identify specific parameters used for comparison

In the first word list comparison study using data gathered by our SIL Ititeralesurvey
team during fieldwork in Guatemala in 2007, E. Parks and | (with input from Bickford), identified
four parameters and developed parameter inventories to explore various scoring @atksns
and Parks 2008)n that preliminary study, we chose scoring criteria that required an identical
handshape in either the initial or final sign positions and an identizida in either the initial
or final sign positions for lexical items to be considered as similar. We coded signs using an

inventory of 48 handshape parameter values and 23 location paramete(2@082425). The



word list comparison analysis of the Guatemala sign varieties provided a catalyst for the

methodology poposal of this study.

1.3 The problem

In generalprevious sign language word list comparistudiedack a detailed description of
anyparameter values that were usedode sigrparametersandin some studiethe criteria for
similarity judgmentsverelargely subjective(or not made explicit)Consequentlyit would not be
possibleto accuratelyreplicatethe resultof these studies givehe methodologydescription
availablein the reportsThe difficulty of evaluating and comparing various similaritiyezia sets
is accentuated by thedia of reporting of the raw datBlor is it currentlypossible to comparte
similarity percentage resulbetween studiesince the studies do not share a common similarity
criteria setthe number of parameter valussd possible distinctions within a sign parameter have
never been described, ati@ sets ofvord listitems have been differerlso, it is not possible
to add anyadditionalword list data fronothersign varietiedo an existingstudy and obtain
resuls for the combined data sehce the similarity criteria set is not sufficiently described and
the raw dataised to make similarity judgmeritsnot reportedAny of these factors could
conceivably affect the similarity percentages that are calculatadstudy, and thus the

percentages from different studies are not comparable.

In response tthe problems identifieffom previoussign language word list comparison
researchin this studyl propose a word list comparison methodoldggtjustifies which
parameters should be usetkarly defines a set of possible parameter values for each parameter
being coded and comparexhdusesa scoring systerbased on Levenshtein distancather than
lexical similarity judgmentswith the use o& computer softwarpackage dvelopedor
Levenshtein distance analysis of worddjsind anothgsrogram written specifically toonvert

sign language word list data for Levenshtein distance analysiproposed methodolodg/less



subjective and requisanuch less timéo analyzejs replicable by other researcheisrelatively
easy to learn, analows resultsto be comparedmongvarious studies thdollow the proposed

methodology.

With this research focus, in the next chapter | will desaripeesearch hypothesgssign
language coding system methodology including a description of sign parameters and possible
parameter values, and the Levenshtein distance similarity metric. In the third chapter, | will
discuss the procedure used for eliciting and coding sign déegword lists. The fourth chapter
will present the comparison resudisd an assessment of their validlhgsed on wordlist data that
has been archived with SIL Internationial the final two chapters, | discuss my interpretatbn
the results angropose arefined methodologyor sign language word list comparisdofiowed

by a conclusion and suggestions for future research



CHAPTER 2

HYPOTHESIS AND METHODOLOGY PROPOSAL

The main researoyoal for this study is to findn appropriate selection of parameters for
comparison, possible values that may be assigned for each parameter, and lexical items to include
in an optimalword list,so thatword list data can be efficiently analyzed to produce a similarity
matrix and a dendrografa tree diagramthat reflect redtionships between pairs of language
varieties and among clusters of language varidtiesrder todeterminean appropriate word list
comparisormethodologyto meet my research goélworked to adapt previous coding and
scoring systemd&he coding systa of this studyhad two stages of development. In the first
stage, | developeahn initial coding system andppliedit to the data setn the second stage,
based ombservations of the resultsing the initial coding systerhproposea final refined

codng system for application in futuségn language word list comparisstudies.

In theinitial coding system, | identified siparametes of a sign for comparison: initial
handshape, final handshape, initial location, final location, palm orientatiogehand joint
movementSigns were coded for each of the six parameters using a detailed invanioigue
values withdescriptionof how to consistently apply the coding systdinesesignparameters
and theparametecoding valuesverenot meant to & an exhaustive inventory of every possible
phonetic component of a sign, but rather an-¢ad$gllow codingsystem thatvassufficiently
detailed to providealid similarity groupingresults for word list comparisonghis coding
systemwastested oravideo dataset of 50 word lists (most lists contained 2&dical items)
representing sign language varieties from 13 counffiesn, similarities among the language

varieties were evaluated usitige Levenshtein distance metric whidiculate the similarities of

8



lexical items.n this chapter | discuss the metlological basis for the codirsystem, and then

give a description of the valudsvelopedor each parameter of theitial coding sysem.

2.1 Methodology proposalfor the coding system

This sectiordescribes the basis for the proposed methodolbigya synchronic, not a
diachronic analysigsection2.1.), sigh parameterare selectethat reflect both the simultaneity
and sequentiality of sign language phonoléggtion 2.1.2), andcriteria aredeveloped to
identify signtokers (or utterancesin the word list video daten a consistent mannésection

2.1.3.

2.1.1 Synchronic aalysis

The proposed methodology is@nchronic aalysisof the elicited item3 the analysis
compares sign language varieti@®ne point in timavithout reference to historical development
In contrast, a diachronic analysis wodketermine whether items share a common historical.form
Therdore, this synchronic analysifbes not claim to identify signs that can be traced back to a
common ancestral form (cognates). In additiomakesno claims of genetic relationshipad
does notlistinguish between inherited or borronsgns (loans)Kessler(2001, 5)states,
"whether language elements share certain pti@gdrecause they are inherited from a common
ancestor language, or whether they share them through borrowing, the language and the elements
in question can be &hto be historically connectédSo despite not making these distincticing
resultsof this type of synchronic analysisuld prompt questiorend suggest areas of fodos

future studies of historicaklationshipsamongsignlanguage varieties

2.1.2 Phonological basis of coding system

The sign language coding system for word list comparisons$ teedbmmend is based an
phonological frameworkhat includesoth the simultaneity and sequentiality of sign language. In

9



early sign language linguistics, Stokoe e{#265)identified three parameters of a sign ttinaty
regarded for analytical purposes as occursingultaneously: place of articulation or location,
handshape, and movement. Theusggjality of sign language tescribedn the MoveHold
phonologicaimodel of Liddell and Johnsdd989, 208210). In this modelsigns argegarded as
consistingof sequences of segmentéie coding system | propose presupposes this richer
conception of sign language phonology, which recognizes both simultanegaumentiality in
the structure of a signan assumption that feeldin most subsequent theorizing about sign

language phonolog§Brentari 1998; Sandler 1989)

In the initial coding systerfor this study six parameters were chosen to describe both the
sequential and simultaneousopietic components of a sign. To represent simultaneity, both the
handshape anddation features were identifiedlo represent sequentiality, the handshapes and
locations were each identified twice, once at the initial position of the sign, and oncérslthe
position of the signThese parameters of handshape and location are two of the most common
parameters identified for transcription and analysis in previous word list comparisons and have
been the focus of many other sign language linguistic studliegher common parameter that |
wanted to include in the coding systarasmovement, but previous transcription systdans
movement have varied wideynd some aspects of movement can be captured by identifying
changes in handshape and locatioran éfort to focus on only a few easily distinguishable
aspects of movement, | chosetparameters to represesairiousmovements throughout the
duration of asigntokern palm orientation changenarking if the palm orientation changes by at
least 45 degreas not)and joint movemen(fingers, wrist, elbowor shoulde}. For the
handshape, location, and two movement parametexst of phonetic value inventories was
created with the goal of developing a wadifined and usefriendly coding system that also
described enough phonetic values to provide clear distinatibas comparingign language

varieties

10



Signs were codeblased on phonetiwot phonemiaontrast. | took this coding approach for
two reasonssign language linguists have not developed a stanaethodology for identifying
phonemic contrasgindelicitation sessions during fieldwork oftéwok placeunder time

constraints that would not have allowed a thoroughsitigation of phonemic contrast.

Non-manual mouthing features of a sign wereinoluded for comparison because written
words were used during elicitat vaded(samed parti ci
participantamouthedalmost every written wordvhile others used much less mouthjrand in
some cases hearing people waresent during elicitation and participamay havemouthed
words for the hearing audience even if the mouthing was not natural to their sign labmege.
to these factors, mouth movements in the data appear to have been strongly influenced by spoken

languages in idiosyncratic ways that make them unreliable for lexical comparison.

Distinctions were not made between #r@aded and twdanded signsThis approach
follows the argument made by Johns{@003, 61)thatvariation that is1ot likely to be
phonenically differentshould be disregardeBor exampleduring fieldwok in many
communities iappeared thahe difference between ofanded signs and twwanded signs was
oftenonly acontrast between citational and raitational forms without a change in meaning.
Some participants signed very formally during the eliicitasessions (preferring tattanded
signs) while others were much more casual and tended to prefbanded signdDisregarding
this type of variation in the coding system, | alstyacodedthe handshape of thdominant hand.
The nondominant hand wagnly represented in the coding system if it was a point of contact

(locationparameter valyeor the dominant hand.

2.1.3 Identifying a sigrtokenfor coding

In order forother researchete easily add to the existirgord listcorpus or replicate the

resultsof the study! developed théollowing criteriato identifyand consistently cabkign

11



tokersin the video data&Some signs had one easily recognizabkenand the parameter coding
was straightforward. However, in some cases, signs appearedidtieorphemicformswith
more than one distinct sigaken For these situationd, there was quick and smooth transition
betweerusttwo locationsthe signwas coded as orieken Other signs thappeared to be
multimorphemic signsvere codednto two s@arate sigriokersif the participant mada
significant pauséetween locationslo determine if a pause was long enough to separate a sign
into more than ontoken the pause duration wasmpared to the participasusuakigning
speed and tempo fortar elicited itemslf a sign containethree distinct locations fawvhat
appeared to bene sign, the sign wa®dedinto separatéokers so that there would be at most
two locationsn onetoken one initial and one final. For example, several sign tiege Latin
America have the signs for man or male, and woman or fensaleé as an affifor many
concepts relating to people or kinshég.boy, girl, son, daughter, grandfather, grandmother,
brother, sister, and othérdn other caseqarticipantanayfingerspellthe letter "o" or "a at the
end ofasigncorresponding to the last letter in thdtten Spanishword. Theseadditionalsign
componentsvere code@s separatmkers representing the iteranless there was total of only
two distinct loatiorsin the signwith a quick and smooth transition movemeint which case

the signwould be coded as orteken

A fingerspelled sign waisicluded in comparisons amdded as ontoken The first manual
alphabet form was coded as the initial handslzaygethe last manual alphabet form was coded as
the final handshap&he intermediary manual alphabet forms were disregasited many forms

in fast fingerspelling were blurreahd difficult todistinguish inthe video data.

2.2 Handshape paramete values

In their study of American Sign Language, Liddell and Johnson identified over 150 hand

configurationgLiddell ard Robert E. Johnson 1989, 228his amount of distinction in a coding
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system seemed overly detailed fioe purpose ofvord list comparisongnstead, | based my

selection of handshape parameter values on a study of four distinct sign languages by Rozell
(2003) Rozelle identified an inventory of 68 handshapes antleedataset;22 of these

handshaps were identified in all four languages. Each sign language had a handshape inventory

ranging in size from 349 handshapgfozelle 2003, 80)

The initial listof handshape values included 102 handshapes iisted appendix of
Rozelle's dissertation and three other fairly common handsbapsgrveyteam had identified in
the Guatemala sign variety comparisfor a total inventory of 105 handshaypaues. Six of
these105 handshapes were never observetienideodata These six handshapes wer
combined with other handshape valtescrease the simplicity of the coding system by not
including values thzonly rarely occur and consequently do not have a significant imdftuen
similarity calculationsThe resiting inventory of 99 handshape valuséistedin Figure2
alphabetically by thbandshape valusode dong withan imaye representation of the handshape

value (Handshapé@mnages are used witlepmission and slightly modifietlom Rozelle(2003).
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Figure 2: Handshapeparameter value inventoryd 99 values with codes and images
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In Appendix B Table21 contains a list of the 99 handshape valuesiting to rank
frequency among the entire word list data. Four of the five most frequently occurring handshapes
of this database (coding values: 1, 5, S, ariie&t) match the rank of the pooled data of the four
sign languages analyzed by Roz¢#603, 108) Rankfrequencie®f handshape values fonly
the initial handsape parameter are listedTliable22, andTable23lists only thefinal handshape

parameter rankrequency results.

Theinitial handshape parametalues were identified at the same point in the videa dsit
the initial locationparameter values. Similarly, the final handshape and location parameter values
were identified at the same point in the video data timeline. If the handshape was the same at the
beginning and end of égs token the same&alue wa coded foboththe initial and final

handshapparameter value

2.2.1 Description of codes used for handshape values

The handshape value codesre written inLatin scriptfor ease of coding and analysis using
computersThe coding values we designed fouse by researchers familiar with written English
and ASL in order to avoid the necessity of memorizing abstract value dddegaluesvere
assignedhecodedisted inFigure2 based on thealue's similarity to the ASL manual higbet
or numbering system. For exampiee ASL manual alphabet handsha@ was assigned the
code "B".There is one irregular code that doesn't correspond to a letter of the ASL manual
alphabet: "ILY" which stands for the "Il love you" handshe%, used inASL and many

other sign langages.

Six mainvariations of finger configuration (dlexing of finger joints)weredistinguished in
the coding systerny the addition of suffixes to tHeasicmanual alphabet handshagmle These

six code suffixes for fingevariations are listed iable2. In the handshape descriptions, the
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termfibase joind refers to thanetacarpaphalangeal jointand the terninon-base joind refers to

theproximal and/or distal intgphalangeal joints

Table 2: Handshape coding suffixes for finger variations

Code suffixfor | Description Example
finger variation

"bent” only thebase joinof finger(s) ardlexed 7:?
Ubent:

"flex" only thenon-base joints) of finger(s) ardlexed
2
Lflex:
"flexgap” non-base joing are flexed in bottinger(s)and thumbput not &,
touchingeach other
Fflexgap:
"flex+" nonbase joins of finger(s)areextremdy flexed but not
completely flexed to palm, arfahger(s) arealso touching thumk @?
Fflex+:
"gap"” base joint is flexed iselected fingés) and thumks opposed,
but finger(s) and thumb are not touching each other ?
Ugap:
"little" only theindex finger is selected rather than all fingers, and th
otherfingersare completely flexed to pal(the termfi | i t t
does not refer to the little or pinky finger) Olittle:

The coding system identified four variatiocthse to the position of the thumBode suffixe
for thumb variatiorwere separated frothe manual alphabet code (and possible suffix for finger
variations) with a hyphen foll owed by a ATO

listed with examples ifable3.

Table 3: Handshape coding suffixes for thumb variations

Code suffix for thumb variation | Description Example

"Text" thumb extended W
A-Text

"-Tflex" thumb joint flexed
1-Tflex:

"-Top" thumb opposed :JD
U-Top:

"“Ttogo thumb together with side of paln ﬁ
BbentTtog:

Therearenine code suffixes thatre unique to only one maaalphabet codin the

handshapéventory These unique code suffixes #isted inTable4.
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Table 4: Unique code suffixes for handshapes

Unique code suffixeq Description Image
"Gspread" middle, ring, ad pinky fingers are extended and spraather
thancompletely flexed to palm as in "G" 2
"Olittlebent" only index finger is flexed at base joiml other fingers' joints | _
are completely flexed to palm \\
"Olittleflex+" only index finger is extremelydked and touching thumall =
other fingersjointsare completely flexed to palm \\';\‘
"Olittle-Tund" thumb tucked under flexed index fingeatl other fingersjoints ,
are completely flexed to palm \\

"Rhole" index and middle fingeraretouching andeitherthe index or
middle fingeris flexed to form a hole between them

base joint of index finger is flexed

"Wunspr" index, middle, and ring fingers an@spreadind touching each
other, rather than spreaak in "W"

-
&

"Tcross" thumb and index fingeare touching and crossing each other, ﬁ

"Y -MID" middle finger is fully extendedather than flexed as in "Y" YJ%
/

2.2.2 ldentifying variants of a handshape parameter value

For some handshape values, one value may be used to code a variety of slight handshape
variations.In most of these cases, thariationswere either not distinct enough be clearly and
accurately distinguished in the video data (due to low video quality, poor lighting and
backgrounds, and only one camera angle perspectithg handshape variationly occurred a
few times in the entire dataset and the value inventory would have been unnecessarily complex if
separate handshape values were identified and cAdether reason for combining certain
handshape variations was tin@nyparticipantsappearedto have different physical variatioims
thedegreeof flexing or extension possible in the thumb and finger joiftse handshape
observed in the video data did not exactly match one of the handshape values in the inventory, the
most similar handsape value existing in the inventory was chosen to repres8eiitable5 for
examples of how slight variations in handshapes were coded as one handshape value according to

the handshape value inventory.
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Table 5: Handshape values with variants

Handshape value code

Handshape variants

Description of variation

1

middlefinger maybe completely flexed to palm, or may be
only slightly flexed and touching thumb

completely flexed to palm

1flex index finger may be flexed at gnbne norbase finger joint, or,
both nonbase finger joints
7 ring finger may be flexed at only the base jointalbring
finger joints may be flexed
8 middle finger may be flexed at only the base joint, or all mid
/ finger joints may be flexed
A-Text thumb may be fully extended, or proximal infgralangeal
thumb joint may be flexed
B-Text thumb may be fully extended, or proximal infgralangeal
- 7 thumb joint may be flexed
D nonbase joints of thumb and the middle, ring, and pinky
fingers may be flexed, or only the base jomgy be flexed
F nonbase joints of thumb and index finger may be flexed, or
only the base joint may be flexed
ILY nonbase joints of middle and ring finger may be flexed, or ¢
2 the base joint mayebflexed
K thumb may touch the side of the middle finger, or touch at t
tip of the middle finger
Rhole nonbase joints of the index finger may be flexed and the
middle finger fully extended, or the ndrase joints of the
middle finger may be éixed and the index finger fully extend
Tcross middle, ring, and pinky fingers may be completely flexed to
ﬁ palm or extendedhumb may cross the index finger on eithe
the near or far side of the index finger
Y-MID ?7[% thumb and pinky finger mayebfully extended, or may be
o

G

2.3 Location parameter values

Theinitial coding system identifietlvo location parametessithin onesigntoken- an initial

and a final locationin their study of American Sign Language, Liddell andh3oin(1989, 274

276)identified 56 body locations, 38 nalominart hand locations, and 14 spatial locations for a

total of 108 locationg-or the purpose ofvord list comparisos evaluatingimilarities among

sign language varietiekhypothesized thahis level of coding detaivould not significantly

enhance similaty results, andvould actually hindeconsistent application of the codiagstem
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At alowerlevel of distinction, a total of 62 locations were identifiedRipzelle's study of four
distinct sign language&ozellefound 18 body locations and six spatiatations that were
common to all four languages. The location inventory sizes of each langunagel from 34 to

46 locationgRozelle 2003)

Theinitial coding systenof this studycontained31 valuedor the location parameter25
body locaipns, and six spatial locationse&Figure3 for a diagram of theokation values and

brief coding valuelescriptionswritten in parentheses
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Figure 3: Location parameter value inventoryd 25 bodyand 6 spatial location values

Body Locations

THead (top of head)
‘{BHead (back of head)
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In Appendix B Table24 lists the 31 location values biya rankfrequency occurrence results
from the entire database, ahdble25 contains the rankrequency results for both the initial and

final location parameters separately.

Location parameter values were based on the posititreafominant hand at the bexging

and end of a sigtoken While coding location value$ focused on identifying whemhanges in
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the speed of movement occurrdord list items were usually elicited a few seconds apart so that
the participant's hands wiol come to a resting position between signd thenitial and final
locations would be easily observéidthe dominant hand remained in only one location
throughout a sigtoken the same location parameter value was coded for both initial and final
location parameters. # multimorphemic form wagiven for a particular itepor if several

variant forms were given in quick successiandthe dominant handid not return to a resting
position between signs, coding judgments were mageettictthe natiralinitial or final location
parameter valuef eachsigntoken In some cases, due to video quality or camera angles, it was
difficult to determine if the dominant hand made contact with a body location. If the dominant
hand appeared to be near a bazbation, but the video data was not conclusive on whether

contact was made or ndtgcoded thebody location rather than the spatial location.

In some cases, when the dominant hand made contact with only one bdidy lacd the
movement was repetitivé was difficult to decide ithe body location value should be coded as
the initial or final location paramete®eeFigure4 for two examples of this si@gion. h the sign
f or fchur cthedsideofiths mbadandnant lfad) would be coded as anfal location;n
t he sign, f P thdipmm of ghe mowominant handyvould be coded as the initial

location.
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Figure 4: Examples of body contact coded as initial or final location parameter

"church" "paper"
body contact coded as final location body contact coded as initial location

To differentiate the body etdact location as the initial dinal location between these two
examplestheacceleratiorof thedominanthandmovemenbefore and after contact withe
body locationvasobservedo determine the parameter choitethe signf or A chur cho, th
dominant handéccelerategust prior tobody contactsothe body contadbcation valuei SHa n d 0
(side of handyvas coded in the final locationjpaa met er and ASNO (neutral s
the initial location parametein the sign® r A pthepl@ninant hand began to accelerate just
after making contact with the body locatieothe body locatior P a lwasd@oded ithe initial
location parameteand ASNO (neutral spacelheassumptidtne f i nal
underlyingboth judgmentésst hat moti on normally accelerates d
movement: movements that decelerate or are slaveeegarded as transitional movements, not

part of the lexical specification of the sign.

In a two-handed sign, ithehandsmade contacthe body location valuat the point of
contacton the nordominant hand was codéar the location parametddowever, in two
situations, contact with the nalominant hand was not considered the most salient location value
of the signtoken. In the first situation,lie nondominant hand was not codedaalcation

parameter if imade contact with the arm of the dominant haiha point closer to the body than

22



the wristarea.ln the second situation, the dominant hand made contact witilotkdominant
hand while the nolominant handvas lying against a head or totsody location.Figure5

shows examplesf thesesituatiors.

Figure 5: Location coding examples where nomdominant hand contact is disregarded

"tree" "sleep"
location parameter value: SN (neutral space) location parameter value: Cheek

- (‘\—J I
t

In the sign for "treg" he | ocation par amimepagnofwanul d not
dominant hand), even though thalmof the nondominant hand touch the elbowthe arm of
the dominant hand. Insteadyth the initial and finalocation parameter values would be coded as
"SN" (neutral space)the location of the dominant harld.the sign for "sleep'the body location
iCheeko wo udthdrthanghe baatibe af contact with the sttmminant handi Pa | mo .
In both of thesexamples, the nedominant hand was not judged as the most salient location
value the nondominant hand walativelydistantfrom the location of the dominant harat

contactwas madeavith amore central bodyolcation value

2.4 Joint movement parametervalues

According to Sandler and LiliMartin (2006, 197)path and irgrnal movements are "the
main kinds of movement found in lexical signs." Path movements can be characterized into one
of four main types: straight, arc, "7", and circle movements; and internal movements come from
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changes in the handshape or palm orientg@ndler and LilleMartin 2006, 197)In the initial

coding system, | did not categoriteesetwo movement types directly, but they were represented
indirectly bythe combination ofwo movemenparametersthe joint movement parameter and

the pain orientation change parameteraddition, some aspects of movement were represented
indirectly by coding both the initial and final positions of the handshape and location parameters.
This section focuses on the joint movement parameter, and in s2&iatiscuss the palm

orientation change parameter.

Five joint movenent parameter values were identiffedthe initial coding system: Fingers,
Wrist, Elbow, Shoulder, anddttd (ho movement at allHandinternal movemats would usually
be coded as "Fingers" or "W8t", and pat movements would be coded as "Elbow" dnd@der".
Whenmore than one joint was movintpe smallesgmost distaljoint was encoded.His resulted
in the followingparameter value sequence basedaingpriority: Fingers > Wrist > bow >
Shoulder.In Appendix B Table27 lists the five joint movement features according to rank

frequency from the entire database.

The joint movement parameter valueulbautomatically be coded asifigers" if the initial
and final handshape parameter valuastheen coded wh different values. Howevegint
movement would also be coded"&igers" ifthe fingers only slightly wiggled or trilled while

maintining the same handshape value. See the sign for "coidfgjure6 for anexample.
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Figure 6: Joint movement parameter coding example for "Fingers" value

"colors"
joint movement parameter value: Fingers

The sign for "yesshown inFigure 7 is an example of a sign where the joint movement

parameter would be coded as "Wrist".

Figure 7: Joint movement parameter coding example for "Wrist" value

"yes"
joint movement parameter value: Wrist

7 \
The sign for "never" shown iRigure8 is an example of a sign where the joint movement

parameter would be coded as "Elbow".
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Figure 8: Joint movement parameter coding example for "Elbow" value

"never"
joint movement parameter value: Elbow

The sign for "chicken" shown iRigure9 is an example of a sign where the joint movement

parameter would be coded as "Shoulder".

Figure 9: Joint movement parameter coding example for "Shoulder" value

"chicken"
joint movement parameter value: Shoulder

If it was difficult to distinguishf a movementat the beginning of the sign was actually part
of the sign or just a transitional movemehgduration of time thelominanthand remained at
thefinal locationwas compared tthe duration of movementf the movement was much shorter
in durationthan the holdand there was no acceleration just prior to the, lileédmovementvas
considered transitionabr presigntokenmovement, and the joint movement paraenefalue

was coded atfHold".
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2.5 Palm orientation parameter values

The palm oientation parameter categorized movenastne of two parameter values. If the
palm orientation of thdominant hand changed by 45 degreemare among any two positions
in the entire sigoken the parameter was coded with the "P+" valiihe dominant hand palm
orientation did not change by at least 45 degrees, the parameter was coded withvide€Rn
Appendix B Table26 shows the two palm orientation change values in order offraglkiency

from the entire database.
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CHAPTER 3

PROCEDURE

The coding system described in the previous chapter was appliedddist video data that
was ollecdedand archivedby SIL International sign language survey teams between November
2007 and January 201Dhevideodatasetrepresents 50 sign langge varieties from 13
countries, mostly in Latin America and the Caribbédast word lists contained 24 1xieal
items.In this section] discusghe participantsword list elicitation procedureoding procedure,
and how similarities among language varieties were calculated using the Levenshtein distance

metric

3.1 Participants

In various regions of each couptdeaf community members encountered at deaf association
or club gatherings, schools, and religious meetings volunteered to participate in thAstudy.
much as possible, the survey teams screened participants to elicit word lists from people who
wereacive members of the deaf communityere deaf or hard of heariflgadgrown upin the
elicitationcity region andhad not traveled internationallWithin a country or region, the survey
team tried to include amgualrepresentationf both males and femad andyounger and older
generation. Using these guidelines, the participaotshis studyare fairly reliable
representatives of their sign language communifitbough most of the word lists represent
sign language varieties from Latin America angl @aribbean, word lists from the United States
were included sincAmerican Sign Languadeas had a wide influence in much of the Americas.
Word lists from Ireland and Northern Ireland were also included siwemted to see what type
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of similarity scoresvould be calculated between sign languagrieties that were generally
considered to be quite differesuhd hadelatively lesshistoricalconnections with varieties in the
Americas Some basicnetadata of the 50 participamépresenting 13 countriese listed

alphabetically by countrin

Table6.
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Table 6: Participant metadata

Country Country | City of Gender | Age | Deaf family | Age started
ID residence members sighing

Chile Chile-01 [ Puerto Montt | female [ 20 | no 3
Chile Chile-02 | Punta Arenas | female [ 21 | no 1
Chile Chile-04 | Iquique female | 30 | no 18
Chile Chile-05 [ Santiago male 38 | no 16
Dominican Republic| DomR-01 | Santo Domingo| male 25 | no 10
Dominican Republic| DomR-02 | Santo Domingo| male 20 | no 7
Dominican Republic| DomR-03 | Barahona male 42 | no 21
Dominican Republic| DomR-04 | Santo Domingo| male 35 |yes 11
Dominican Republic| DomR-05 | La Romana male 18 |yes 6
Dominican Republic| DomR-06 | La Romana female | 16 | no 8
Dominican Republic| DomR-08 | Santiago male 27 | no 8
Dominican Republic | DomR-09 | Moca male 35 | no 14
Dominican Republic| DomR-10 | Puerto Plata female | 36 | no 12
El Salvador ElSal03 | La Libertad male 27 | no 11
El Salvador ElSal08 | San Salvador | female | 23 | yes 3
El Salvador ElSal12 | Ahuachapan female | 19 |yes 7
Honduras Hond01 [ Tegucigalpa male 27 | yes 15
Honduras Hond05 | Juticalpa female |19 | no 10
Honduras Hond-10 | San Pedro Sulal male 28 | yes 4
Honduras Hond11 | El Progreso male 24 | no 7
Ireland Ire-01 Dublin male 50 |yes 10
Jamaica Jam01 Kingston male 26 | no 12
Jamaica Jam02 May Pen male 25 | no 7
Jamaica Jam03 Portmore male 50 |no 1
Jamaica Jam06 Mandeville male 27 | no 6
Jamaica Jam07 Montego Bay [female | 28 | yes 5
Jamaica Jam08 Brown's Town | female |25 | no 3
North Ireland Nlre-01 Belfast male 22 | no 3
Panam Pan01 Panar female |44 |no 32
Panam Panr06 David male 40 |yes 17
Paraguay Prgy-02 Asuncion male 28 | no 5
Paraguay Prgy-03 Coronel Oviedo| male 52 | yes 17
Paraguay Prgy-04 Caaguazu male 37 | no 14
Paraguay Prgy-05 Ciudad del Este| female | na | na na
Paraguay Prgy-06 Ciudad deEste | male 28 | no 6
Paraguay Prgy-07 Itaugua female | 45 | yes 17
Paraguay Prgy-08 Asuncion female | 41 | yes 1
Paraguay Prgy-09 ltaugua female | 37 | yes 5
Per Peru01 Arequipa female | 18 | no 8
Peri Peru05 Chiclayo male 19 | no 9
Pel Perul8 Lima female | 23 | yes 1
Per Peru22 Trujillo female | 28 | yes 5
Saint Vincent StVin-01 [ Kingstown female | 33 | no 3
Trinidad Trin-01 San Fernando | male 27 | yes 6
Trinidad Trin-02 Port of Spain male 33 | no 3
Trinidad Trin-03 Port of Spain | female | 47 | yes 3
United States USA-01 Hartford female | 32 | yes 1
United States USA-05 Los Angeles female | 21 |yes 1
United States USA-06 Los Angeles male 42 | yes 1
United States USA-07 Los Angeles male 23 | no 14
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3.2 Elicitation procedure

With each of these participantsward list containing up to 243 iteswaselicited using a
Powerpoint presentation on a notebook comp@ae video camera was setdipectly in front
of the participant, and index cards were inserted intadhgera viewetween eacRowerpoint
slide tovisually identify each word listtem in the videoTheelicitationslides for each item
usuallycontainedboth writtenspoken languageords(either in English or Spanish depending on
the most common spoken language of the regiad)an image~or all but 41litemsthat were
difficult to accurately represent visuallthe slidesncluded images sindée visual
representations tended to h&dgilitate accurate elicitationandwritten English or Spanish
literacy was often lovin the deattommunitiesFor 40 items that had clearly opposite
contrasting conceptsvo contrastingmages weréncluded in the slidavith an arrow to identify
whichitem wasbeing elicited As in the study byOsugi et al(1999, 92)the survey team®und
this comparisortechniqueof contrasting concepts to be effective and easily understood by
participantduring elicitatiors. Similar to the approach of Parkhurst and Parkh{Z@07, 11)
participants were encourageditludeanyvariantsor synonyms for each item to try to avoid
the problenoutlined by Renscf1992, 13wheresimilar forms actually existdamongsign

varieties butthe similar forms did not happen to dlicited

A basic set o241items were included in mostord lists in this studyThe list catained
lexical items from a variety aframmatical word classes (houns, verbs, adjectives, quantifiers,
interrogatives, and others) and semantic domainisn@als, food, household items, weather, time,
family, numbers, physical characteigst religious tems, emotions, physical activities)d
other9. In comparison t@revious word listcomparison studies, tliems of this study most
closely resemble the items used by Bickf(#805, 3437). Two additional items were included
in the four Peru word lists. For two of the 50 word lists not all of the items were elitigad:

Prgy-07 word list containsnly the first 112 items, and the Ho®d word list containsnly the
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first 215 items from the 24item list. One United States word list (US@L) contains 210 items
elicited in a slightly different order than the othe3ee Table20in Appendix Afor a list of the

word list items in the order that they weypically elicited.

From all 50participantsacombinedtotal of 15,720 sigriokers were elicited from 11,831
itemelicitations. For 736 of the itemelicitatiors, only one sigtokenwaselicited;due to
multimorphemic forms or multiple variants for one itdmo signtokers were elicitedor 22% of

the items, and% of the items prompted three or more sigkers.

3.3 Word list video datacoding procedure

The word list videos werannotatedising the ELAN media annotation softwékéax Planck
Institute for Psycholinguistics 20L1An ELAN template wasisedwith eighttiers The first tier
labelediglos® was created asparent tier with a controlled vocabulary containing the wistd
items. Six dependent tiers were created corresponding to tharsixieterso be codedinitial
handshape, finaldndshapénitial location, final bcation,palm orientation change, and joint
movementControlled vocabulariesontaining thgparameteralueswere created for each of
these tiers so that coding erroreda typing or spelling would be avoided, andpaeameter
values could be easily accessed from a dimpn menuAn eighth tier was created for
comments to markemsthat may be of interest in future studi@sgerspelling notes on
elicitation misundestandingghomonymsgcopying ordescribing the elicitation imayeand
marking variant$or sociolinguistic variablg if an explanation was givgmariants based on
region, gender, agetc). A screenshot ofoding sigrtokenparameterin ELAN is shownin

Figure10.
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If the participandid not recognize the item being elicited and gave no sign, the sign was

code

d

Figure 10: Annotating word list videos using ELAN
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misunderstanding of the item due to written language homonyms or an unclear elicitation image,

t he

S

i gn wa slf participantd only desciibed?ad ibem or the elicitation image, and

the explanatory sitgs were clearly not meant to represent the lexical item, these signs were coded

as "???"l

n the analysis, if par ametnwasomitedfrem c oded

comparisons.
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3.4 Assessing similarity using Levenshtein distance

The algorithm usedh this study to calculate similarity among sign language varieties is
called the Levenshtein distance (string edit distance) metric. In essence, it measures the amount of

difference between lexical items by calculating the differencesiimgs

In cortrast to Blair's approach of assessing lexical similarity in which pairs of words are
considerd to be similar or not similat,evenshtein distance measurements provide a more
nuanced assessment of how different the worddraeeldition,Levenshtein disince calculations
can berapidly and objectively calculated by computer programs without the neaddsearch

analyst to make pair by paimilarity judgmens.

In this section, | describe how Levenshtein distance calculations are madbelydvave

been applied to spoken language studies, andthewwereapplied in this study.

3.4.1 Calculating Levenshtein distance

In spoken languages, preparation for Levenshtein distance calculations, each phonetic
segment of a word issaigned a unique character cagpjcally symbols irthe International
Phonetic Alphabet. Depending on the level of distinction desired in the compéhnissa codes
could include diacriticsOnce each word igpresented as string of characters representing the
individual phonetic agmentspairs of character strings acempared to assess the difference (or
Levenshtein distance) betwetne lexical items. Levenshtein distances are calculations of the
minimum (most efficient) number of edits that would be necessary to make twotehatangs
identical. There are three possible types of edits that may be necessary: insertions, deletions, and
substitutionsThe Levenshtein distance (sum of edite)ssallynormalizedby lengthto correct
skewing that would occur in the calculatidnawerage Levenshtein distandesed on word
length. f only the raw number of edits were averaged to calculate Levenshtein distance, longer

words would hae larger influence on distances than shorter wdtdsmalizationby lengthcan
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be done a varietyfavays,Heeringa et ali2006, 53yecommendlividing the number of @its by

thelength of the longest alignment between the two wdtdsisequently, theormalized

Levenshtein distance betweenrds from two different languagarieties could range from zero

(identical character strings) to one (completely different sjifgy each lexical item. If a word

list contains multiple variants for one lexical item, the Levenshtein distance would be the average

distance of all comparisons of variafis each word lispair. The Levenshtein distance between

two language varietiger an entire word list is the average of the distances calculated for each

word list item.

As an example of how Levenshtein distance would be calculated between two forms in a

spoken languagd,able7 shows the edits neededdiobange one pronunciation/form of

"afternoon” in English¥ 0 f dn)i nt o

anot her pr onUWhitd280,idon/ f or m

Table 7: Levenshtein distance between two pronunciations of "afternoon”

Beginning form

Edit

Resulting form

Paftdndan

del et e

Pftdandn

insert r

Pftdarndan

substift

bftdarnnurn

Levenshtein distance (number of edits) = 3

Levenshein distance (normaliz = 3/8 = 0.375

In contrastto this example where the Levenshtein distance between the two forms is 0.375, a

Blair style lexical similarity judgment would only have two possible values: similar or not

similar, and theéwo formsfrom Table7 would be considereds similarsincesix of the eight

phones are identical

Over the last decade, several studies have analyzed differences among language varieties

using Levenshtein distance. Investigating Nisu language varieties spokennaryChina, Yang

(2009)found that Levenshtein distance results complemented the findings oidaisto

comparative analysis and had a high correlation with intelliiligsting resultsAccording to

Yang(2009, 28) while comparative analysis identifies specific differences and intelligibility tests
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reveal the effect of the differences on comprehension, Levenshtein distances "clarify the degrees

of difference betwae v ari et i es o.

3.4.2 Levenshtein distance applied to sign language word list comparisons

To calculate Levenshtein distances for sign language tetaaluefor each of the six
parameters coded for a sitgrkenis assigned a singleharacterand the six paramets are
treated as if they were a phonetic spelling by arranging them in a fixed sedeentt® initial
coding system of six parameters, each sidgenwas represented as a string of six characters.
Since all sigrtokers were coded with the same numbgparameters, there were no edits due to
insertions or deletionshe calculation of necessary edits to a character string were only based on

substitutions (when parameter values were not ideritcal given pair of forms

For an example of how the tenshtein distance would be calculated for the lexical item
Afcato between two sign var i-04and ERledSHgur€h i | e an

shows the images of the initial afidal positions of each sign
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Figure1l: Cal cul ating the Levenshtein distance bet we

Table8 lists the parameter values for each sign with the last coflnowing the tally of

Levenshteirdistance edits

Table 8: Levenshtein distance between two signs for “cat”

Chile-01 | Chile-05 | Value difference | Edits

Initial handshape parameter value 5 B-Text Yes 1
Final handshape parameter value A BbentText | Yes 1
Initial location parameter value Fore Fore No 0
Final location parameter value Fore Fore No 0
Palm orientation change parameter va P- P- No 0
Joint movement parameter value Fingers | Fingers No 0
Levenshtein distance (normalize@)6 = 0.333

Comparing these two sigrnsince thanitial and finalhandshape parameter valuestasth
differenteach would require one ediio edits would be needed for the location or movement
parameters since there were no differences between the parameter values. Sodhealored
Levenshtein distance for thisroparison would be two. In this study, Levenshtegtasthces were

normalized (dividinghe number of edits bgix for the number oparameters compargdo the
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