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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 is to identify similarity relationships among sign 

language varieties by assessing similarities of lexical items. Similarities are calculated using the 

Levenshtein distance metric which measures the number of differences between signs.  

In this study, the methodology was refined for optimal efficiency through 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 be used in the word list. As a result of the 

study, I propose both an efficient coding system and a methodology that is replicable and 

relatively objective, easily merges multiple data sets, and identifies similarities among sign 

language varieties. The validity of the methodology is supported by similarity grouping results 

that highly correlate with intelligibility testing results of other studies. 

The word list data for this study comes from video data archived with SIL International that 

represents 50 sign language varieties from 13 countries, mostly in Latin 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 studies, the use of multiple research instruments that explore a broad range of 

sociolinguistic and linguistic factors in variation can reinforce conclusions by describing the 

language situation from a variety of perspectives. One relatively straightforward research 

instrument used to assess language relatedness is comparison of word lists. There are two general 

methodological approaches that have been applied to word list comparisons of spoken languages: 

comparing cognates (forms that have descended from a common historical form) and comparing 

similar forms regardless of the historical relationships.  

Within the approach comparing cognates, the historical-comparative method (Campbell 2004, 

16-27, 188-197) compares language varieties to identify shared innovations and groups the 

varieties based on these shared innovations. In the absence of a historical-comparative analysis of 

the varieties, phonostatistic and lexicostatistic methods can be used to determine the relatedness 

of the varieties being studied. Phonostatistic methods do this by measuring phonological 

differences between forms (Simons 1977). Early practitioners of lexicostatistics identified 

apparent/probable cognates based on phonetic similarity, and cognate percentages were used to 

determine language relatedness (similarity groups were based on both shared innovations and 

shared retentions) (Gudschinsky 1956, 180-81). 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 the forms (Sanders 1977, 32-37).  
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A variety of methods have been used to calculate the phonetic similarity of forms. 

McElhannon (1967) judged forms as similar if 50% or more of the phonemes corresponded. 

Deibler and Trefry (1963) calculated similarity by scoring comparisons on a scale of zero to four 

based on the number of phoneme differences between the two forms. Blair (1990) 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 

non-similar depending on the number of phone pairs in each category and the word length. Using 

this method, language varieties are grouped based on the overall percentage of similar forms. For 

a rough simplification of the scoring criteria, two forms are considered similar if at least half of 

the phones are identical or very similar, another 25% are at least somewhat similar, and only 25% 

of the phones can be different (Blair 1990, 31-33). In the past decade, the Levenshtein distance 

metric (minimum number of edits required to convert one form into another) has been used to 

calculate similarities between forms on a gradient scale using a more nuanced measurement than 

the similar vs. non-similar categorization (Heeringa et al. 2006). 

Sign language researchers using word list comparisons have generally followed the lexical 

similarity tradition since the early research from the late 1970's to the present. In the following 

three sections, I will briefly describe: an example of lexical similarity analysis in spoken 

languages, how previous studies have analyzed lexical similarities among sign languages, and a 

problem in previous studies that will be the focus of this study. 

1.1 Analyzing word lists for lexical similarity  

For an example of a lexical similarity analysis in spoken languages, Kluge (2000; 2005) 

describes a study of 49 Gbe language varieties in West Africa. For one set of similarity judgment 

criteria, Kluge followed Blairôs methodology (1990) with a few modifications based on a 

comparison approach by Schooling (1981) that ignores reduplication and apparently affixed 
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morphemes occurring in the same position. For an example of how this similarity criteria would 

consider words as similar or non-similar among selected Gbe language varieties for the item 

ñcowò, see Table 1 (Kluge 2000, 19). With focus on the morpheme ҹǫ, the Arohun, Ayizo, and Be 

variety forms are considered similar since they share two identical phonetic segments (ҹ and ǫ) 

and the additional affixed morphemes (bu and nҜ̼) in the Ayizo and Be variety forms are 

disregarded since they occur in the same position. The Dogbo and Be variety forms are 

considered non-similar since the additional affixed morphemes (nҜ̼ and xwe) do not occur in the 

same position. 

Table 1: Similarity grouping example based on Blairôs lexical similarity criteria 

Similar words Non-similar  words 

Ὤǫ  (Arohun variety) 

Ὤǫbu  (Ayizo variety) 

ὬǫnὉӉ  (Be variety) 

xweǼǫ  (Dogbo variety) 

ὬǫnὉӉ  (Be variety) 

Using this criteria for identifying similar forms, Kluge's Gbe study identified three main 

clusters of the 49 language varieties. The lexical similarity percentages ranged from 71-100% 

between any two language varieties within one of the three main clusters, the average similarity 

among all varieties within a cluster ranged from 82-91%, and the average lexical similarity 

between clusters ranged from 64-70% (Kluge 2005, 34). 

1.2 Previous sign language word list comparison studies 

Over the last few decades, dozens of sign language researchers have used percentages of 

lexically similar words in word list comparisons as a research instrument for sign language 

identification, making meaningful contributions to cross-linguistic and variation studies. In 

general, to evaluate lexical similarity these studies each identified a set of sign parameters to 

compare and developed a scoring criteria; unfortunately, the scoring criteria and the set of 

parameters were often different in each study. 
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In four of the previous studies, three parameters have been used for comparison: handshape, 

location, and movement. Guerra Currie et al. (2002) and Aldersson and McEntee-Atalianis (2008) 

scored signs as similar if at least two out of the three parameters were identical. Bickford (2005) 

grouped signs as similar if the locations were the same and either the handshape or movement 

parameter was also the same. For example, these three studies would consider the two signs for 

ñwaterò shown in Figure 1 as similar since they differ in just the handshape parameter and the 

location and movement parameters are the same. 

Figure 1: Signs that would be considered similarðidentical in two out of three parameters 

 

 Hendriks (2008) used these same three parameters, but focused on the initial location of a 

sign for the location parameter. Hendriksô scoring criteria gave 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 Weerdt (2004, 30) compared four parameters (handshape, location, 

movement, and orientation), and identified four types of similarity in their scoring system: 

identical (four out of four parameters identical), similar (one small difference in just one 

parameter), related (differences in one or two parameters), and different (more than two 

parameter differences). Johnson and Johnson (2008) compared signs based on these same four 

parameters, and in some cases a fifth non-manual parameter. For each parameter that was 
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identical they gave one-fourth or one-fifth  of a point depending on whether four or five 

parameters were compared. Sasaki (2007) evaluated word lists based on five parameters: 

handshape, location, movement, orientation, and one/two hands. Sasaki used scoring criteria that 

categorized signs into three groups: identical, similar (four out of five parameters identical), and 

distinct. Xu (2006) compared signs based on the following five parameters: handshape, location, 

movement, palm orientation, and iconic motivation. In Xu's scoring criteria, at least three out of 

the five parameters needed to be identical to be scored as similar. In addition to the five 

parameters, Xu also considered iconicity and handedness when evaluating similarity. Hurlbut 

(2007) compared signs based on seven parameters, and weighted more heavily certain parameters 

considered to be of extra importance. Hurlbut scored signs as similar if at least two parameters 

were identical. 

Woodward (1977, 337-340; 1993) calculated lexical similarity and listed the percentage of 

similar forms between word list items of sign varieties. However, Woodward describes no 

scoring criteria used to identify similar forms or what if any parameters were identified for 

comparison. Parkhurst and Parkhurst (2007, 12) used a scoring criteria where one point was given 

if  signs were identical, half of a point if judged as similar, and zero points if judged as completely 

different, but did not identify specific parameters used for comparison.  

In the first word list comparison study using data gathered by our SIL International survey 

team during fieldwork in Guatemala in 2007, E. Parks and I (with input from Bickford), identified 

four parameters and developed parameter inventories to explore various scoring systems (Parks 

and Parks 2008). In that preliminary study, we chose scoring criteria that required an identical 

handshape in either the initial or final sign positions and an identical location 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 parameter values (2008, 24-25). The 
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word list comparison analysis of the Guatemala sign varieties provided a catalyst for the 

methodology proposal of this study. 

1.3 The problem 

In general, previous sign language word list comparison studies lack a detailed description of 

any parameter values that were used to code sign parameters, and in some studies the criteria for 

similarity judgments were largely subjective (or not made explicit). Consequently, it would not be 

possible to accurately replicate the results of these studies given the methodology description 

available in the reports. The difficulty of evaluating and comparing various similarity criteria sets 

is accentuated by the lack of reporting of the raw data. Nor is it currently possible to compare the 

similarity percentage results between studies since the studies do not share a common similarity 

criteria set, the number of parameter values and possible distinctions within a sign parameter have 

never been described, and the sets of word list items have been different. Also, it is not possible 

to add any additional word list data from other sign varieties to an existing study and obtain 

results for the combined data set since the similarity criteria set is not sufficiently described and 

the raw data used to make similarity judgments is not reported. Any of these factors could 

conceivably affect the similarity percentages that are calculated by a study, and thus the 

percentages from different studies are not comparable. 

In response to the problems identified from previous sign language word list comparison 

research, in this study I propose a word list comparison methodology that justifies which 

parameters should be used, clearly defines a set of possible parameter values for each parameter 

being coded and compared, and uses a scoring system based on Levenshtein distances rather than 

lexical similarity judgments. With the use of a computer software package developed for 

Levenshtein distance analysis of word lists, and another program written specifically to convert 

sign language word list data for Levenshtein distance analysis, the proposed methodology is less 



7 

 

subjective and requires much less time to analyze, is replicable by other researchers, is relatively 

easy to learn, and allows results to be compared among various studies that follow the proposed 

methodology. 

With this research focus, in the next chapter I will describe my research hypothesis, a sign 

language coding system methodology including a description of sign parameters and possible 

parameter values, and the Levenshtein distance similarity metric. In the third chapter, I will 

discuss the procedure used for eliciting and coding sign language word lists. The fourth chapter 

will present the comparison results and an assessment of their validity, based on wordlist data that 

has been archived with SIL International. In the final two chapters, I discuss my interpretation of 

the results and propose a refined methodology for sign language word list comparisons followed 

by a conclusion and suggestions for future research.
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CHAPTER 2 

HYPOTHESIS AND METHODOLOGY PROPOSAL 

The main research goal for this study is to find an appropriate selection of parameters for 

comparison, possible values that may be assigned for each parameter, and lexical items to include 

in an optimal word list, so that word list data can be efficiently analyzed to produce a similarity 

matrix and a dendrogram (a tree diagram) that reflect relationships between pairs of language 

varieties and among clusters of language varieties. In order to determine an appropriate word list 

comparison methodology to meet my research goal, I worked to adapt previous coding and 

scoring systems. The coding system of this study had two stages of development. In the first 

stage, I developed an initial coding system and applied it to the data set. In the second stage, 

based on observations of the results using the initial coding system, I propose a final refined 

coding system for application in future sign language word list comparison studies.  

In the initial coding system, I identified six parameters of a sign for comparison: initial 

handshape, final handshape, initial location, final location, palm orientation change, and joint 

movement. Signs were coded for each of the six parameters using a detailed inventory of unique 

values with descriptions of how to consistently apply the coding system. These sign parameters 

and the parameter coding values were not meant to be an exhaustive inventory of every possible 

phonetic component of a sign, but rather an easy-to-follow coding system that was sufficiently 

detailed to provide valid similarity grouping results for word list comparisons. This coding 

system was tested on a video data set of 50 word lists (most lists contained 241 lexical items) 

representing sign language varieties from 13 countries. Then, similarities among the language 

varieties were evaluated using the Levenshtein distance metric which calculates the similarities of 
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lexical items. In this chapter I discuss the methodological basis for the coding system, and then 

give a description of the values developed for each parameter of the initial coding system. 

2.1 Methodology proposal for the coding system 

This section describes the basis for the proposed methodology: it is a synchronic, not a 

diachronic, analysis (section 2.1.1), sign parameters are selected that reflect both the simultaneity 

and sequentiality of sign language phonology (section 2.1.2), and criteria are developed to 

identify sign tokens (or utterances) in the word list video data in a consistent manner (section 

2.1.3). 

2.1.1 Synchronic analysis 

The proposed methodology is a synchronic analysis of the elicited itemsðthe analysis 

compares sign language varieties at one point in time without reference to historical development. 

In contrast, a diachronic analysis would determine whether items share a common historical form. 

Therefore, this synchronic analysis does not claim to identify signs that can be traced back to a 

common ancestral form (cognates). In addition, it makes no claims of genetic relationships and 

does not distinguish between inherited or borrowed signs (loans). Kessler (2001, 5) states, 

"whether language elements share certain properties because they are inherited from a common 

ancestor language, or whether they share them through borrowing, the language and the elements 

in question can be said to be historically connected." So despite not making these distinctions, the 

results of this type of synchronic analysis could prompt questions and suggest areas of focus for 

future studies of historical relationships among sign language varieties. 

2.1.2 Phonological basis of coding system 

The sign language coding system for word list comparisons that I recommend is based on a 

phonological framework that includes both the simultaneity and sequentiality of sign language. In 
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early sign language linguistics, Stokoe et al. (1965) identified three parameters of a sign that they 

regarded for analytical purposes as occurring simultaneously: place of articulation or location, 

handshape, and movement. The sequentiality of sign language is described in the Move-Hold 

phonological model of Liddell and Johnson (1989, 208-210). In this model, signs are regarded as 

consisting of sequences of segments. The coding system I propose presupposes this richer 

conception of sign language phonology, which recognizes both simultaneity and sequentiality in 

the structure of a signðan assumption that is held in most subsequent theorizing about sign 

language phonology (Brentari 1998; Sandler 1989). 

In the initial coding system for this study, six parameters were chosen to describe both the 

sequential and simultaneous phonetic components of a sign. To represent simultaneity, both the 

handshape and location features were identified. To represent sequentiality, the handshapes and 

locations were each identified twice, once at the initial position of the sign, and once at the final 

position of the sign. These 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 studies. Another common parameter that I 

wanted to include in the coding system was movement, but previous transcription systems for 

movement have varied widely and some aspects of movement can be captured by identifying 

changes in handshape and location. In an effort to focus on only a few easily distinguishable 

aspects of movement, I chose two parameters to represent various movements throughout the 

duration of a sign token: palm orientation change (marking if the palm orientation changes by at 

least 45 degrees or not) and joint movement (fingers, wrist, elbow, or shoulder). For the 

handshape, location, and two movement parameters, a set of phonetic value inventories was 

created with the goal of developing a well-defined and user-friendly coding system that also 

described enough phonetic values to provide clear distinctions when comparing sign language 

varieties. 
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Signs were coded based on phonetic not phonemic contrast. I took this coding approach for 

two reasons: sign language linguists have not developed a standard methodology for identifying 

phonemic contrast, and elicitation sessions during fieldwork often took place under time 

constraints that would not have allowed a thorough investigation of phonemic contrast. 

Non-manual mouthing features of a sign were not included for comparison because written 

words were used during elicitation and participantsô exposure to oral training varied (some 

participants mouthed almost every written word, while others used much less mouthing), and in 

some cases hearing people were present during elicitation and participants may have mouthed 

words for the hearing audience even if the mouthing was not natural to their sign language. Due 

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 one-handed and two-handed signs. This approach 

follows the argument made by Johnston (2003, 61) that variation that is not likely to be 

phonemically different should be disregarded. For example, during fieldwork in many 

communities it appeared that the difference between one-handed signs and two-handed signs was 

often only a contrast between citational and non-citational forms without a change in meaning. 

Some participants signed very formally during the elicitation sessions (preferring two-handed 

signs) while others were much more casual and tended to prefer one-handed signs. Disregarding 

this type of variation in the coding system, I also only coded the handshape of the dominant hand. 

The non-dominant hand was only represented in the coding system if it was a point of contact 

(location parameter value) for the dominant hand. 

2.1.3 Identifying a sign token for coding 

In order for other researchers to easily add to the existing word list corpus or replicate the 

results of the study, I developed the following criteria to identify and consistently code sign 
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tokens in the video data. Some signs had one easily recognizable token and the parameter coding 

was straightforward. However, in some cases, signs appeared to be multimorphemic forms with 

more than one distinct sign token. For these situations, if there was a quick and smooth transition 

between just two locations, the sign was coded as one token. Other signs that appeared to be 

multimorphemic signs were coded into two separate sign tokens if the participant made a 

significant pause between locations. To determine if a pause was long enough to separate a sign 

into more than one token, the pause duration was compared to the participant's usual signing 

speed and tempo for other elicited items. If a sign contained three distinct locations for what 

appeared to be one sign, the sign was coded into separate tokens so that there would be at most 

two locations in one token: one initial and one final. For example, several sign varieties in Latin 

America have the signs for man or male, and woman or female used as an affix for many 

concepts relating to people or kinship (e.g. boy, girl, son, daughter, grandfather, grandmother, 

brother, sister, and others). In other cases, participants may fingerspell the letter "o" or "a" at the 

end of a sign corresponding to the last letter in the written Spanish word. These additional sign 

components were coded as separate tokens representing the item, unless there was a total of only 

two distinct locations in the sign with a quick and smooth transition movement - in which case 

the sign would be coded as one token. 

A fingerspelled sign was included in comparisons and coded as one token. The first manual 

alphabet form was coded as the initial handshape and the last manual alphabet form was coded as 

the final handshape. The intermediary manual alphabet forms were disregarded since many forms 

in fast fingerspelling were blurred and difficult to distinguish in the video data. 

2.2 Handshape parameter  values 

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

configurations (Liddell and Robert E. Johnson 1989, 223). This amount of distinction in a coding 



13 

 

system seemed overly detailed for the purpose of word list comparisons. Instead, I based my 

selection of handshape parameter values on a study of four distinct sign languages by Rozelle 

(2003). Rozelle identified an inventory of 68 handshapes among the data set; 22 of these 

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

ranging in size from 34-49 handshapes (Rozelle 2003, 80). 

The initial list of handshape values included 102 handshapes listed in the appendix of 

Rozelle's dissertation and three other fairly common handshapes our survey team had identified in 

the Guatemala sign variety comparison, for a total inventory of 105 handshape values. Six of 

these 105 handshapes were never observed in the video data. These six handshapes were 

combined with other handshape values to increase the simplicity of the coding system by not 

including values that only rarely occur and consequently do not have a significant influence on 

similarity calculations. The resulting inventory of 99 handshape values is listed in Figure 2 

alphabetically by the handshape value code along with an image representation of the handshape 

value. (Handshape images are used with permission and slightly modified from Rozelle (2003)). 
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Figure 2: Handshape parameter value inventoryð99 values with codes and images 
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In Appendix B, Table 21 contains a list of the 99 handshape values according 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, and A-Text) match the rank of the pooled data of the four 

sign languages analyzed by Rozelle (2003, 108). Rank-frequencies of handshape values for only 

the initial handshape parameter are listed in Table 22, and Table 23 lists only the final handshape 

parameter rank-frequency results. 

The initial handshape parameter values were identified at the same point in the video data as 

the initial location parameter 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 a sign token, the same value was coded for both the initial and final 

handshape parameter values. 

2.2.1 Description of codes used for handshape values 

The handshape value codes were written in Latin script for ease of coding and analysis using 

computers. The coding values were designed for use by researchers familiar with written English 

and ASL in order to avoid the necessity of memorizing abstract value codes. The values were 

assigned the codes listed in Figure 2 based on the value's similarity to the ASL manual alphabet 

or numbering system. For example, the ASL manual alphabet handshape  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 "I love you" handshape, , used in ASL and many 

other sign languages. 

Six main variations of finger configuration (or flexing of finger joints) were distinguished in 

the coding system by the addition of suffixes to the basic manual alphabet handshape code. These 

six code suffixes for finger variations are listed in Table 2. In the handshape descriptions, the 
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term ñbase jointò refers to the metacarpal-phalangeal joint, and the term ñnon-base jointò refers to 

the proximal and/or distal inter-phalangeal joints. 

Table 2: Handshape coding suffixes for finger variations 

Code suffix for 

finger variation  

Description Example 

"bent" only the base joint of finger(s) are flexed 

Ubent:   

"flex"  only the non-base joint(s) of finger(s) are flexed 

Lflex:  

"flexgap" non-base joints are flexed in both finger(s) and thumb, but not 

touching each other 
Fflexgap:  

"flex+" non-base joints of finger(s) are extremely flexed but not 

completely flexed to palm, and finger(s) are also touching thumb 
Fflex+:  

"gap" base joint is flexed in selected finger(s) and thumb is opposed, 

but finger(s) and thumb are not touching each other 
Ugap:  

"little"  only the index finger is selected rather than all fingers, and the 

other fingers are completely flexed to palm (the term ñlittleò 

does not refer to the little or pinky finger) Olittle:  

The coding system identified four variations due to the position of the thumb. Code suffixes 

for thumb variation were separated from the manual alphabet code (and possible suffix for finger 

variations) with a hyphen followed by a ñTò for thumb. The four thumb position variations are 

listed with examples in Table 3. 

Table 3: Handshape coding suffixes for thumb variations 

Code suffix for thumb variation  Description Example 

"-Text" thumb extended 

A-Text:   

"-Tflex" thumb joint flexed 

1-Tflex:   

"-Top" thumb opposed 

U-Top:   

"-Ttogò thumb together with side of palm 

Bbent-Ttog:  

There are nine code suffixes that are unique to only one manual alphabet code in the 

handshape inventory. These unique code suffixes are listed in Table 4. 
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Table 4: Unique code suffixes for handshapes 

Unique code suffixes Description Image 

"Gspread" middle, ring, and pinky fingers are extended and spread, rather 

than completely flexed to palm as in "G" 
 

"Olittlebent" only index finger is flexed at base joint, all other fingers' joints 

are completely flexed to palm 

 
"Olittleflex+" only index finger is extremely flexed and touching thumb, all 

other fingers' joints are completely flexed to palm 

 
"Olittle-Tund" thumb tucked under flexed index finger, all other fingers' joints 

are completely flexed to palm 

 
"Rhole" index and middle fingers are touching, and either the index or 

middle finger is flexed to form a hole between them 

 
"Tcross" thumb and index finger are touching and crossing each other, 

base joint of index finger is flexed 
 

"Wunspr" index, middle, and ring fingers are unspread and touching each 

other, rather than spread as in "W" 
 

"Y-MID"  middle finger is fully extended, rather than flexed as in "Y" 

 

2.2.2 Identifying 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, the variations were either not distinct enough to be clearly and 

accurately distinguished in the video data (due to low video quality, poor lighting and 

backgrounds, and only one camera angle perspective) or the handshape variation only occurred a 

few times in the entire dataset and the value inventory would have been unnecessarily complex if 

separate handshape values were identified and coded. Another reason for combining certain 

handshape variations was that many participants appeared to have different physical variations in 

the degree of flexing or extension possible in the thumb and finger joints. If the handshape 

observed in the video data did not exactly match one of the handshape values in the inventory, the 

most similar handshape value existing in the inventory was chosen to represent it. See Table 5 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 

  

middle finger may be completely flexed to palm, or may be 

only slightly flexed and touching thumb 

1flex 

  

index finger may be flexed at only one non-base finger joint, or 

both non-base finger joints 

7 

 

ring finger may be flexed at only the base joint, or all ring 

finger joints may be flexed 

8 

  

middle finger may be flexed at only the base joint, or all middle 

finger joints may be flexed 

A-Text 

  

thumb may be fully extended, or proximal inter-phalangeal 

thumb joint may be flexed 

B-Text 

  

thumb may be fully extended, or proximal inter-phalangeal 

thumb joint may be flexed 

D 

  

non-base joints of thumb and the middle, ring, and pinky 

fingers may be flexed, or only the base joint may be flexed 

F 

  

non-base joints of thumb and index finger may be flexed, or 

only the base joint may be flexed 

ILY  

  

non-base joints of middle and ring finger may be flexed, or only 

the base joint may be flexed 

K 

  

thumb may touch the side of the middle finger, or touch at the 

tip of the middle finger 

Rhole 

  

non-base joints of the index finger may be flexed and the 

middle finger fully extended, or the non-base joints of the 

middle finger may be flexed and the index finger fully extended 

Tcross 

   

middle, ring, and pinky fingers may be completely flexed to 

palm or extended; thumb may cross the index finger on either 

the near or far side of the index finger 

Y-MID 

  

thumb and pinky finger may be fully extended, or may be 

completely flexed to palm 

2.3 Location parameter values 

The initial coding system identified two location parameters within one sign token - an initial 

and a final location. In their study of American Sign Language, Liddell and Johnson (1989, 274-

276) identified 56 body locations, 38 non-dominant hand locations, and 14 spatial locations for a 

total of 108 locations. For the purpose of word list comparisons evaluating similarities among 

sign language varieties, I hypothesized that this level of coding detail would not significantly 

enhance similarity results, and would actually hinder consistent application of the coding system. 
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At a lower level of distinction, a total of 62 locations were identified in Rozelle's study of four 

distinct sign languages. Rozelle found 18 body locations and six spatial locations that were 

common to all four languages. The location inventory sizes of each language ranged from 34 to 

46 locations (Rozelle 2003). 

The initial coding system of this study contained 31 values for the location parameters: 25 

body locations, and six spatial locations. See Figure 3 for a diagram of the location values and 

brief coding value descriptions written in parentheses. 
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Figure 3: Location parameter value inventoryð25 body and 6 spatial location values 

 

In Appendix B, Table 24 lists the 31 location values by the rank-frequency occurrence results 

from the entire database, and Table 25 contains the rank-frequency results for both the initial and 

final location parameters separately. 

Location parameter values were based on the position of the dominant hand at the beginning 

and end of a sign token. While coding location values, I focused on identifying where changes in 
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the speed of movement occurred. Word list items were usually elicited a few seconds apart so that 

the participant's hands would come to a resting position between signs and the initial and final 

locations would be easily observed. If the dominant hand remained in only one location 

throughout a sign token, the same location parameter value was coded for both initial and final 

location parameters. If a multimorphemic form was given for a particular item, or if several 

variant forms were given in quick succession, and the dominant hand did not return to a resting 

position between signs, coding judgments were made to predict the natural initial or final location 

parameter value of each sign token. 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 body location, but the video data was not conclusive on whether 

contact was made or not, I coded the body location rather than the spatial location.  

In some cases, when the dominant hand made contact with only one body location and the 

movement was repetitive, it was difficult to decide if the body location value should be coded as 

the initial or final location parameter. See Figure 4 for two examples of this situation. In the sign 

for ñchurchò, ñSHandò (the side of the non-dominant hand) would be coded as a final location; in 

the sign for ñpaperò, ñPalmò (the palm of the non-dominant hand) would be coded as the initial 

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

 

To differentiate the body contact location as the initial or final location between these two 

examples, the acceleration of the dominant hand movement before and after contact with the 

body location was observed to determine the parameter choice. In the sign for ñchurchò, the 

dominant hand accelerated just prior to body contact, so the body contact location value ñSHandò 

(side of hand) was coded in the final location parameter and ñSNò (neutral space) was coded in 

the initial location parameter. In the sign for ñpaperò, the dominant hand began to accelerate just 

after making contact with the body location, so the body location ñPalmò was coded in the initial 

location parameter and ñSNò (neutral space) in the final location parameter. The assumption 

underlying both judgments is that motion normally accelerates during the course of a signôs 

movement: movements that decelerate or are slower are regarded as transitional movements, not 

part of the lexical specification of the sign. 

In a two-handed sign, if the hands made contact, the body location value at the point of 

contact on the non-dominant hand was coded for the location parameter. However, in two 

situations, contact with the non-dominant hand was not considered the most salient location value 

of the sign token. In the first situation, the non-dominant hand was not coded as a location 

parameter if it made contact with the arm of the dominant hand at a point closer to the body than 
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the wrist area. In the second situation, the dominant hand made contact with the non-dominant 

hand while the non-dominant hand was lying against a head or torso body location. Figure 5 

shows examples of these situations.  

Figure 5: Location coding examples where non-dominant hand contact is disregarded 

 

In the sign for "tree", the location parameters would not be coded as ñPalmò (palm of non-

dominant hand), even though the palm of the non-dominant hand touch the elbow of the arm of 

the dominant hand. Instead, both the initial and final location parameter values would be coded as 

"SN" (neutral space) - the location of the dominant hand. In the sign for "sleep", the body location 

ñCheekò would be coded rather than the location of contact with the non-dominant hand ñPalmò. 

In both of these examples, the non-dominant hand was not judged as the most salient location 

value: the non-dominant hand was relatively distant from the location of the dominant hand, or 

contact was made with a more central body location value. 

2.4 Joint movement parameter values 

According to Sandler and Lillo-Martin (2006, 197), path and internal 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 orientation (Sandler and Lillo-Martin 2006, 197). In the initial 

coding system, I did not categorize these two movement types directly, but they were represented 

indirectly by the combination of two movement parameters: the joint movement parameter and 

the palm orientation change parameter. In addition, 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 section 2.5 I discuss the palm 

orientation change parameter. 

Five joint movement parameter values were identified for the initial coding system: Fingers, 

Wrist, Elbow, Shoulder, and Hold (no movement at all). Hand-internal movements would usually 

be coded as "Fingers" or "Wrist", and path movements would be coded as "Elbow" or "Shoulder". 

When more than one joint was moving, the smallest (most distal) joint was encoded. This resulted 

in the following parameter value sequence based on coding priority: Fingers > Wrist > Elbow > 

Shoulder. In Appendix B, Table 27 lists the five joint movement features according to rank-

frequency from the entire database. 

The joint movement parameter value would automatically be coded as "Fingers" if the initial 

and final handshape parameter values had been coded with different values. However, joint 

movement would also be coded as "Fingers" if the fingers only slightly wiggled or trilled while 

maintaining the same handshape value. See the sign for "colors" in Figure 6 for an example. 
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Figure 6: Joint movement parameter coding example for "Fingers" value 

 

The sign for "yes" shown in Figure 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 

 

The sign for "never" shown in Figure 8 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 

 

The sign for "chicken" shown in Figure 9 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 

 

If it was difficult to distinguish if a movement at the beginning of the sign was actually part 

of the sign or just a transitional movement, the duration of time the dominant hand remained at 

the final location was compared to the duration of movement. If the movement was much shorter 

in duration than the hold, and there was no acceleration just prior to the hold, the movement was 

considered a transitional or pre-sign token movement, and the joint movement parameter value 

was coded as "Hold". 
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2.5 Palm orientation parameter values 

The palm orientation parameter categorized movement as one of two parameter values. If the 

palm orientation of the dominant hand changed by 45 degrees or more among any two positions 

in the entire sign token, the parameter was coded with the "P+" value. If the dominant hand palm 

orientation did not change by at least 45 degrees, the parameter was coded with the "P-" value. In 

Appendix B, Table 26 shows the two palm orientation change values in order of rank-frequency 

from the entire database.
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CHAPTER 3 

PROCEDURE 

The coding system described in the previous chapter was applied to word list video data that 

was collected and archived by SIL International sign language survey teams between November 

2007 and January 2010. The video data set represents 50 sign language varieties from 13 

countries, mostly in Latin America and the Caribbean. Most word lists contained 241 lexical 

items. In this section, I discuss the participants, word list elicitation procedure, coding procedure, 

and how similarities among language varieties were calculated using the Levenshtein distance 

metric. 

3.1 Participants 

In various regions of each country, deaf community members encountered at deaf association 

or club gatherings, schools, and religious meetings volunteered to participate in the study. As 

much as possible, the survey teams screened participants to elicit word lists from people who 

were active members of the deaf community, were deaf or hard of hearing, had grown up in the 

elicitation city region, and had not traveled internationally. Within a country or region, the survey 

team tried to include an equal representation of both males and females and younger and older 

generations. Using these guidelines, the participants of this study are fairly reliable 

representatives of their sign language communities. Although most of the word lists represent 

sign language varieties from Latin America and the Caribbean, word lists from the United States 

were included since American Sign Language has had a wide influence in much of the Americas. 

Word lists from Ireland and Northern Ireland were also included since I wanted to see what type 
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of similarity scores would be calculated between sign language varieties that were generally 

considered to be quite different and had relatively less historical connections with varieties in the 

Americas. Some basic metadata of the 50 participants representing 13 countries are listed 

alphabetically by country in  

Table 6. 
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Table 6: Participant metadata 

Country  Country 

ID 

City of 

residence 

Gender Age Deaf family 

members 

Age started 

signing 

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 ElSal-03 La Libertad male 27 no 11 

El Salvador ElSal-08 San Salvador female 23 yes 3 

El Salvador ElSal-12 Ahuachapan female 19 yes 7 

Honduras Hond-01 Tegucigalpa male 27 yes 15 

Honduras Hond-05 Juticalpa female 19 no 10 

Honduras Hond-10 San Pedro Sula male 28 yes 4 

Honduras Hond-11 El Progreso male 24 no 7 

Ireland Ire-01 Dublin male 50 yes 10 

Jamaica Jam-01 Kingston male 26 no 12 

Jamaica Jam-02 May Pen male 25 no 7 

Jamaica Jam-03 Portmore male 50 no 1 

Jamaica Jam-06 Mandeville male 27 no 6 

Jamaica Jam-07 Montego Bay female 28 yes 5 

Jamaica Jam-08 Brown's Town female 25 no 3 

North Ireland NIre-01 Belfast male 22 no 3 

Panamá Pan-01 Panamá female 44 no 32 

Panamá Pan-06 David male 40 yes 17 

Paraguay Prgy-02 Asunción male 28 no 5 

Paraguay Prgy-03 Coronel Oviedo male 52 yes 17 

Paraguay Prgy-04 Caaguazú male 37 no 14 

Paraguay Prgy-05 Ciudad del Este female na na na 

Paraguay Prgy-06 Ciudad del Este male 28 no 6 

Paraguay Prgy-07 Itaugua female 45 yes 17 

Paraguay Prgy-08 Asunción female 41 yes 1 

Paraguay Prgy-09 Itaugua female 37 yes 5 

Perú Peru-01 Arequipa female 18 no 8 

Perú Peru-05 Chiclayo male 19 no 9 

Perú Peru-18 Lima female 23 yes 1 

Perú Peru-22 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 participants, a word list containing up to 243 items was elicited using a 

Powerpoint presentation on a notebook computer. One video camera was set up directly in front 

of the participant, and index cards were inserted into the camera view between each Powerpoint 

slide to visually identify each word list item in the video. The elicitation slides for each item 

usually contained both written spoken language words (either in English or Spanish depending on 

the most common spoken language of the region) and an image. For all but 41 items that were 

difficult to accurately represent visually, the slides included images since the visual 

representations tended to help facilitate accurate elicitations, and written English or Spanish 

literacy was often low in the deaf communities. For 40 items that had clearly opposite or 

contrasting concepts, two contrasting images were included in the slide with an arrow to identify 

which item was being elicited. As in the study by Osugi et al. (1999, 92), the survey teams found 

this comparison technique of contrasting concepts to be effective and easily understood by 

participants during elicitations. Similar to the approach of Parkhurst and Parkhurst (2007, 11), 

participants were encouraged to include any variants or synonyms for each item to try to avoid 

the problem outlined by Rensch (1992, 13) where similar forms actually existed among sign 

varieties, but the similar forms did not happen to be elicited. 

A basic set of 241 items were included in most word lists in this study. The list contained 

lexical items from a variety of grammatical word classes (nouns, verbs, adjectives, quantifiers, 

interrogatives, and others) and semantic domains (animals, food, household items, weather, time, 

family, numbers, physical characteristics, religious items, emotions, physical activities, and 

others). In comparison to previous word list comparison studies, the items of this study most 

closely resemble the items used by Bickford (2005, 34-37). Two additional items were included 

in the four Peru word lists. For two of the 50 word lists not all of the items were elicited: the 

Prgy-07 word list contains only the first 112 items, and the Hond-01 word list contains only the 
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first 215 items from the 241-item list. One United States word list (USA-01) contains 210 items 

elicited in a slightly different order than the others. See Table 20 in Appendix A for a list of the 

word list items in the order that they were typically elicited. 

From all 50 participants, a combined total of 15,720 sign tokens were elicited from 11,831 

item elicitations. For 73% of the item elicitations, only one sign token was elicited; due to 

multimorphemic forms or multiple variants for one item, two sign tokens were elicited for 22% of 

the items, and 5% of the items prompted three or more sign tokens. 

3.3 Word list video data coding procedure 

The word list videos were annotated using the ELAN media annotation software (Max Planck 

Institute for Psycholinguistics 2011). An ELAN template was used with eight tiers. The first tier 

labeled ñglossò was created as a parent tier with a controlled vocabulary containing the word list 

items. Six dependent tiers were created corresponding to the six parameters to be coded: initial 

handshape, final handshape, initial location, final location, palm orientation change, and joint 

movement. Controlled vocabularies containing the parameter values were created for each of 

these tiers so that coding errors due to typing or spelling would be avoided, and the parameter 

values could be easily accessed from a drop-down menu. An eighth tier was created for 

comments to mark items that may be of interest in future studies: fingerspelling, notes on 

elicitation misunderstandings (homonyms, copying or describing the elicitation image), and 

marking variants for sociolinguistic variables if an explanation was given (variants based on 

region, gender, age, etc.). A screenshot of coding sign token parameters in ELAN is shown in 

Figure 10. 
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Figure 10: Annotating word list videos using ELAN 

 

If the participant did not recognize the item being elicited and gave no sign, the sign was 

coded as ñxxxò for all parameters. If a sign or phrase was elicited, but it was an obvious 

misunderstanding of the item due to written language homonyms or an unclear elicitation image, 

the sign was coded as ñ???ò. If participants only described an item or the elicitation image, and 

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

as "???". In the analysis, if parameters were coded as ñxxxò or ñ???ò that item was omitted from 

comparisons. 
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3.4 Assessing similarity using Levenshtein distance 

The algorithm used in 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 differences in strings.  

In contrast to Blair's approach of assessing lexical similarity in which pairs of words are 

considered to be similar or not similar, Levenshtein distance measurements provide a more 

nuanced assessment of how different the words are. In addition, Levenshtein distance calculations 

can be rapidly and objectively calculated by computer programs without the need for a research 

analyst to make pair by pair similarity judgments. 

In this section, I describe how Levenshtein distance calculations are made, how they have 

been applied to spoken language studies, and how they were applied in this study. 

3.4.1 Calculating Levenshtein distance 

In spoken languages, in preparation for Levenshtein distance calculations, each phonetic 

segment of a word is assigned a unique character code, typically symbols in the International 

Phonetic Alphabet. Depending on the level of distinction desired in the comparison, these codes 

could include diacritics. Once each word is represented as a string of characters representing the 

individual phonetic segments, pairs of character strings are compared to assess the difference (or 

Levenshtein distance) between the lexical items. Levenshtein distances are calculations of the 

minimum (most efficient) number of edits that would be necessary to make two character strings 

identical. There are three possible types of edits that may be necessary: insertions, deletions, and 

substitutions. The Levenshtein distance (sum of edits) is usually normalized by length to correct 

skewing that would occur in the calculation of average Levenshtein distances based on word 

length. If only the raw number of edits were averaged to calculate Levenshtein distance, longer 

words would have larger influence on distances than shorter words. Normalization by length can 
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be done a variety of ways, Heeringa et al. (2006, 53) recommend dividing the number of edits by 

the length of the longest alignment between the two words. Consequently, the normalized 

Levenshtein distance between words from two different language varieties could range from zero 

(identical character strings) to one (completely different strings) for 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 variants for each word list pair. The Levenshtein distance between 

two language varieties for 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 language, Table 7 shows the edits needed to change one pronunciation/form of 

"afternoon" in English (Þủftủnᾅn) to another pronunciation/form (Þftủrnun) (White 2010, 4). 

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

Beginning form Edit  Resulting form 

Þủftủnᾅn delete ủ Þftủnᾅn 

 insert r Þftủrnᾅn 

 substitute ᾅ /u Þftủrnun 

Levenshtein distance (number of edits) = 3 

Levenshtein distance (normalized) = 3/8 = 0.375 

In contrast to 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 the two forms from Table 7 would be considered as similar since six 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 spoken in Yunnan, China, Yang 

(2009) found that Levenshtein distance results complemented the findings of historical-

comparative analysis and had a high correlation with intelligibility testing results. According 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 between varietiesò. 

3.4.2 Levenshtein distance applied to sign language word list comparisons 

To calculate Levenshtein distances for sign language data, the value for each of the six 

parameters coded for a sign token is assigned a single character, and the six parameters are 

treated as if they were a phonetic spelling by arranging them in a fixed sequence. For the initial 

coding system of six parameters, each sign token was represented as a string of six characters. 

Since all sign tokens were coded with the same number of parameters, there were no edits due to 

insertions or deletions; the calculation of necessary edits to a character string were only based on 

substitutions (when parameter values were not identical for a given pair of forms). 

For an example of how the Levenshtein distance would be calculated for the lexical item 

ñcatò between two sign varieties of Chilean Sign Language, Chile-01 and Chile-05, Figure 11 

shows the images of the initial and final positions of each sign. 
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Figure 11: Calculating the Levenshtein distance between two signs for ñcatò 

 

 Table 8 lists the parameter values for each sign with the last column showing the tally of 

Levenshtein distance 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 Bbent-Text Yes 1 

Initial location parameter value Fore Fore No 0 

Final location parameter value Fore Fore No 0 

Palm orientation change parameter value P- P- No 0 

Joint movement parameter value Fingers Fingers No 0 

Levenshtein distance (normalized): 2/6 = 0.333 

Comparing these two signs, since the initial and final handshape parameter values are both 

different each would require one edit. No edits would be needed for the location or movement 

parameters since there were no differences between the parameter values. So the non-normalized 

Levenshtein distance for this comparison would be two. In this study, Levenshtein distances were 

normalized (dividing the number of edits by six for the number of parameters compared), so the 




























































































