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Abstract

How social structure affects the persistence and features of shared sign

languages

This thesis argues that it is necessary to consider the social structure underlying

communities when studying the languages they use. Studying sign languages provide

the only way of studying the emergence of a real language, as all sign languages existing

today are young languages. In addition, sign languages have emerged in communities

with varied social structures, such as in communities with different population sizes

and different degrees of shared social and psychological information. This thesis

studies how the social structure of a community influences two factors: sign language

persistence (i.e. if a language continues to exist or not) and the degree of lexical

variation. To do so, I use two main methodologies: first, I use agent-based models, in

which autonomous agents in a population interact, and some outcome is measured

globally. Second, I use a picture description task with Kata Kolok signers and analyze

their responses.

In Chapter 2 and Chapter 3 I create an agent-based model which accounts

for the persistence of sign languages which emerge typically in small communities

with a high degree of hereditary deafness. I show that the persistence of this type of

sign language is facilitated by a variety of cultural factors: certain marriage patterns

(deaf-deaf marriages, consanguineous marriages) and sign language transmission

throughout the entire family including hearing signers. By incorporating data from

existing signing communities it is possible to better understand the set of cultural and

genetic factors which allow for their persistence.

In Chapter 4 and 5 I present an analysis of a picture description task of Kata

Kolok signers, who are from a rural village in the north of Bali where a sign language

has developed over the past seven generations following a genetic mutation causing

recessive deafness in the community. In line with sign languages that have developed

in similar enclaves, Kata Kolok exhibits a high degree of lexical variation for certain

concepts. Using a variety of statistical techniques, in Chapter 4 I show that deaf

and hearing signers have different lexical preferences and in Chapter 5 I show that

women and men have different degrees of lexical variability, perhaps resulting from their
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different social network structures. In these chapters, I developed ways to study lexical

variation in a community with a high degree of lexical variation, identifying appropriate

statistical techniques which can be used.

The final study of the thesis is a computational investigation asking what is the

role of shared context on lexical variability. I used an agent-based model to formalize a

theory which states that a high degree of shared context allows for the successful use

of iconic mappings and thus the retention of the lexical variability present in language

emergence. I found that a high degree of lexical variability is affected not only by a high

degree of shared context, but also by a large population size. Overall, this thesis has

studied language emergence and sign languages using computational and statistical

techniques. It contributes to a growing body of literature demonstrating the relationship

between social structure and linguistic structure.
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Samenvatting

De invloed van sociale structuur op het voortbestaan en de eigenschappen van

gedeelde gebarentalen

Dit proefschrift stelt dat het noodzakelijk is om de sociale structuur die ten grond-

slag ligt aan gemeenschappen in overweging te nemen bij het bestuderen van de talen

die ze gebruiken. Het bestuderen van gebarentalen is de enige manier om de op-

komst van een echte taal te bestuderen, aangezien alle gebarentalen die tegenwoordig

bestaan, jonge talen zijn. Daarnaast zijn gebarentalen ontstaan in gemeenschappen

met verschillende sociale structuren, zoals in gemeenschappen met verschillende

bevolkingsgroottes en verschillende mate van gedeelde sociale en psychologische infor-

matie. Dit proefschrift onderzoekt hoe de sociale structuur van een gemeenschap twee

factoren beïnvloedt: de persistentie van gebarentaal (d.w.z. of een taal blijft bestaan of

niet) en de mate van lexicale variatie. Om dit te doen, gebruik ik twee hoofdmethodolo-

gieën: ten eerste gebruik ik agent-gebaseerde modellen, waarin autonome agenten in

een populatie met elkaar interageren, en gedragingen globaal worden gemeten. Ten

tweede gebruik ik een afbeeldingsbeschrijvingstaak met Kata Kolok-deelnemers en

analyseer ik hun reacties.

In Hoofdstuk 2 en Hoofdstuk 3 creëer ik een agent-gebaseerd model dat rekening

houdt met de persistentie van gebarentalen die typisch ontstaan in kleine gemeen-

schappen met een hoge mate van erfelijke doofheid. Ik laat zien dat het voortbestaan

van dit type gebarentaal wordt vergemakkelijkt door een verscheidenheid aan cul-

turele factoren: bepaalde huwelijkspatronen (doof-dove huwelijken, huwelijken met

verwanten) en de overdracht van gebarentaal door het hele gezin, inclusief niet-dove

gebarentaalgebruikers. Door gegevens van bestaande gebarentaalgemeenschappen

in beschouwing te nemen, is het mogelijk om de culturele en genetische factoren die

hun persistentie mogelijk maken, beter te begrijpen.

In Hoofdstuk 4 en 5 presenteer ik een analyse van een beeldbeschrijvingstaak van

Kata Kolok-gebarentaalgebruikers, die afkomstig zijn uit een plattelandsdorp in het noor-

den van Bali, waar zich de afgelopen zeven generaties een gebarentaal heeft ontwikkeld

na een genetische mutatie die recessieve doofheid in de gemeenschap veroorzaakt. In

lijn met gebarentalen die zich in vergelijkbare enclaves hebben ontwikkeld, vertoont
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Kata Kolok een hoge mate van lexicale variatie voor bepaalde concepten. Met behulp

van een verscheidenheid aan statistische technieken laat ik in hoofdstuk 4 zien dat

dove en horende gebaarders verschillende lexicale voorkeuren hebben en in hoofdstuk

5 laat ik zien dat vrouwen en mannen een verschillende mate van lexicale variabiliteit

hebben, misschien als gevolg van hun verschillende sociale netwerkstructuren. In deze

hoofdstukken heb ik manieren ontwikkeld om lexicale variatie te bestuderen in een

gemeenschap met een hoge mate van lexicale variatie, waarbij ik geschikte statistische

technieken heb geïdentificeerd die kunnen worden gebruikt.

De laatste studie van het proefschrift is een computationeel onderzoek naar de

rol van gedeelde context op lexicale variabiliteit. Ik heb een agent-gebaseerd model

gebruikt om een theorie te formaliseren die stelt dat een hoge mate van gedeelde

context het succesvolle gebruik van iconische structuur mogelijk maakt en dus het

behoud van de lexicale variabiliteit die aanwezig is in het ontstaan van talen. Ik ontdekte

dat een hoge mate van lexicale variabiliteit niet alleen wordt beïnvloed door een hoge

mate van gedeelde context, maar ook door een grote populatieomvang. In conclusie

heeft dit proefschrift het ontstaan van talen en gebarentalen bestudeerd met behulp

van computationele en statistische technieken. Het draagt bij aan een groeiende

hoeveelheid literatuur die de relatie tussen sociale structuur en taalkundige structuur

aantoont.
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Chapter 1

General introduction

The jury is still out on why exactly language evolved in our species. It has been

suggested that language evolved to replace manual grooming to allow for group size

to grow, as gossiping allows you to share information with multiple individuals at once

compared to grooming, where you can scratch the armpit of only one friend (Dunbar,

1998). Other theories are purely mechanistic, such as the yo-he-ho theory, which

suggests that language originated from wanting to synchronize rhythmic group labor

(Jespersen, 1922). A third theory by Fitch (2004) posits that language can be used

to mark kin relations, starting with the mother-offspring pair, to put the shared genetic

interests of relatives above others. Regardless of why exactly language has evolved in

humans, one factor unifies all these theories: language exists and evolved in a social

environment, and should be studied from this lens (Enfield, 2010).

There exists great variability in the kinds of social structures across human

societies. Some linguistic communities are incredibly large, used by individuals across

the world and mainly as a second language. English is a good example of this, with over

half of the users of English being second language learners, and is used by individuals

in countries spanning most of the world (Crystal, 2006). Other linguistic communities

are small, used by individuals in an insular community predominantly as a first language.

An example of a language like this is Karuk, a language used by members of the Karuk

Tribe of the Klamath River in northwestern California (Moseley, 2010). Today Karuk

5



6 Chapter 1. General introduction

is severely endangered, with only a handful of native speakers remaining, but prior

to European contact it is estimated that the Karuk Tribe consisted of roughly 1,500

individuals (Kroeber, 1925).

There is also great variation in the languages of the world. Karuk can be char-

acterized as having a complex morphological system1, for example with an array of

suffixes denoting direction (Bright, 1957). A few illustrations of suffixes to indicate

directionality in Karuk are -ra "hither from downriver", -várak "hither from upriver", -kara

"into one’s mouth” and -rúPa "out of one’s mouth" (Bright, 1957, p. 95). To indicate such

highly specific directional meanings in English, one would simply do so lexically, i.e. by

adding individual words. Such stark differences in how languages encode information

beg the question as to why. Is there a relationship between the social structure of a

community and its linguistic features? Recent research supports this theory, such as

with findings from a large-scale cross-linguistic study of spoken languages (Lupyan

& Dale, 2010), a comparison of two sign languages (Meir, Israel, Sandler, Padden, &

Aronoff, 2012) and controlled experiments with participants (Raviv, Meyer, & Lev-Ari,

2019). In addition, how does social structure affect the persistence of a language?

1.1 Aim of this thesis

The main aim of this thesis is to study how the social structure of a sign language

community affects the persistence of the language and the features of the language.

So far, there is no model which accounts for sign language persistence across different

types of communities and there is a lack of analytical tools identified to study linguistic

features across these communities. In this thesis, I attempt to design models that are

representative of shared signing communities, and also to find appropriate methods to

simultaneously study the social and linguistic properties of communities. By studying

the linguistic features of a sign language, I aim to further understand the relationship

between social structure and linguistic structure. Finally, this thesis aims to begin

bridging the gap between computational models and data from real communities.

1Karuk was also used as an example of a language with complex morphology in Lupyan and Dale (2010).
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1.2 Terminology and main themes

In this thesis I refer to the cultural evolution of language and the biological evolution

of language. To avoid confusion, I will begin this section by defining these terms

and related ones. The cultural evolution of language encompasses both language

emergence and language change. Language emergence can be used to describe

languages in their initial stages. For example, all documented sign languages have

emerged at some point in relatively recent years (from the 1700s onward, Brentari &

Coppola, 2013). In addition, the term emergence implies a trajectory, from a state where

some feature of a language is absent to a state where the feature has been acquired.

One illustration of this is that phonological distinctions have been suggested to be

absent in the earliest stage of language emergence, and develop over time (Sandler,

Aronoff, Meir, & Padden, 2011). For many features, this trajectory is unidirectional

(e.g. once phonological distinctions are present in a language, it is unlikely that they will

no longer be present at a future stage). Language change, on the other hand, refers to

a change in frequency of some aspect of a language, at any linguistic level. For instance

at the lexical level, the introduction of a term to refer to a new piece of technology would

go from not being used (prior to the introduction) to a higher frequency of use. Though

less prominent in this thesis, the biological evolution of language refers to changes

in the genetic underpinnings of language. These definitions are in line with the three

common interpretations of the term language evolution (see for example Figure 1 in

Tamariz & Kirby, 2016).

1.2.1 Sign language terminology and classification

Sign languages have been categorized in a myriad of ways depending on properties of

the signing community. Sign languages which have emerged outside of deaf schools (or

other institutions) in small, rural communities, typically with deaf and hearing community

members being fluent in the sign language have been called shared sign languages

(Kisch, 2008; Nyst, 2012), village sign languages (Zeshan & de Vos, 2012), rural sign

languages (de Vos & Pfau, 2015) and micro-community sign languages (Schembri,

2010), with each label referring to a property of how communities are categorized.

In contrast, sign languages which have emerged in the context of deaf institutions in
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large, urban communities, spoken by predominantly deaf individuals have been called

Deaf community sign languages (Meir, Sandler, Padden, & Aronoff, 2010), urban sign

languages (Zeshan & de Vos, 2012) and macro-community sign languages (Schembri,

2010). Sign languages have also been classified on time depth, with younger sign

languages having been called emerging sign languages and older sign languages

having been called established sign languages (Meir et al., 2010).

One issue with classifying sign languages is in this way is that of course the

aspects of sign language communities used to classify them exist along a continuum;

for instance, population size could be categorized as smaller (micro-community sign

languages) or larger (macro-community sign languages), but population size is nu-

merical. Where to draw categories from numerical data is unclear and often unstated

(Braithwaite, 2020). A second issue is that these classifications often are "theoretically

and sociopolitically loaded" (Hou & de Vos, in press, p. 1), with some researchers

insinuating or stating that some categories of languages are more mature than others.

This has led to a widespread call from researchers to develop a better classification

method for sign languages (Kusters, 2009; Hou & de Vos, in press) as well as more

transparency about one’s own lens (Braithwaite, 2020).

In this thesis, I demarcate sign languages in the following manner: following Kisch

(2008) and Nyst (2012), I refer to sign language communities with a higher incidence of

deafness, which are shared by deaf and hearing members of a community and typically

in smaller communities as shared sign languages. In contrast, I refer to sign language

communities in which a large and dispersed group of deaf individuals, of which the vast

majority are born to hearing parents as Deaf community sign languages (Mitchell &

Karchmer, 2004); in this category of sign languages, the sign language often emerges

and is used in the context of deaf schools or institutions. For this thesis, classifying sign

languages in this way is helpful as I am interested in studying how different societal

factors (governing the classification of the language) may affect linguistic factors and

sign language persistence. Thus, this thesis is very much situated in linguistic typology,

which aims to classify languages based on shared linguistic features (Whaley, 1997). I

acknowledge that not every sign language fits nicely into one of these two categories,

as there exists much variation across the dimensions by which sign languages are
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being categorized here2.

I will give an example of a sign language that I consider to fall into each category.

First, an example of a shared sign language is Kata Kolok. This sign language is used

in Bengkala, a village in the north of Bali, Indonesia. The first deaf individual was born

in this community (marking the earliest generation of Kata Kolok) approximately 175

years ago (Lutzenberger, 2021), and the sign language has been transmitted across at

least six generations (de Vos, 2012b; Winata et al., 1995). There is a high incidence

of non-syndromic autosomal deafness across the community (1.02%, Lutzenberger,

2021) due to a genetic mutation of the recessive gene DFNB3 and its transmission

in a population of slightly more than 2000 individuals (Winata et al., 1995). The Kata

Kolok community3 has adapted to deafness in many ways: all deaf individuals and over

half of hearing individuals use Kata Kolok (Marsaja, 2008), deafness is present in local

religious beliefs and deafness is not stigmatized (Lutzenberger, 2021). In Bengkala,

primary-school aged children have access to education in Kata Kolok (de Vos, 2012b).

Linguistically, Kata Kolok has an enlarged signing space (de Vos, 2012b) and a strikingly

small set of lexicalized color signs (de Vos, 2011).

An example of a Deaf community sign language is British Sign Language (BSL).

As of 2011, between 15,000 and 20,000 individuals across the United Kingdom (UK)

use BSL as their main language (Office for national statistics UK, 2011). In the UK,

deaf children are usually born to hearing parents (who typically do not know BSL, at

least at the time of the birth of their deaf child): only around 10% of deaf children have

deaf family members (Uus & Bamford, 2006). Because deaf children are not typically

exposed to BSL in their family, the transmission of BSL often occurs at schools for deaf

children (Ladd, 2003). In the UK, the first deaf schools were opened in 1760 (Jackson,

1990), which led to the formation of "school-lects", i.e. linguistic variation by school

(Sutton-Spence & Woll, 1999). Because deaf individuals typically interacted with others

in their region, variation by region is clearly reflected at the lexical level (Stamp et al.,

2014) and at the phonological level (Fenlon, Schembri, Rentelis, & Cormier, 2013).

Several changes have taken place recently in the BSL community (Stamp et al., 2014):

2For more discussion on this point, see Reed (2019) and Schuit (2014).
3Throughout this thesis, I refer to communities by naming the sign language which is used in that

community.
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since the 1970s, deaf children have been recommended to go to mainstream schools to

be alongside their hearing peers and thus several residential schools for deaf children

closed (J. Kyle & Woll, 1993). Across the BSL community, lexical variation has been

observed to decrease (i.e. leveling), facilitated by communication with the community

at large likely due to increased mobility and technological advances like video calling

(Stamp et al., 2014).

By briefly describing two sign languages, Kata Kolok categorized as a shared

sign language and BSL categorized as a Deaf community sign language, I hope

to have illustrated the kinds of sign languages that I place into each category. To

reemphasize, these are mere categorizations (which move away from focusing on

the unique characteristics of individual signing communities) and are useful in the

context of understanding how social structure may influence linguistic structure and the

persistence of sign languages across languages4.

1.2.2 The linguistic niche

It is unlikely that all linguistic variation is the result of random drift. Rather, it has been

proposed that the need for efficient communication shapes how language is structured

(Zipf, 1949; Piantadosi, Tily, & Gibson, 2011; Kirby, Tamariz, Cornish, & Smith, 2015;

Regier, Kemp, & Kay, 2015). Different communities have different communicative needs

and exist within different environments, which is one way to explain cross-linguistic

variation. For example, the physical environment in which a language is spoken may

partially shape linguistic features. One example is that temperature has been shown

to affect the existence of tonal distinctions, as vocal cord control is more challenging

in dry/cold climates (Everett, Blasi, & Roberts, 2015). A second example is from

environments with denser vegetation and higher temperatures, where fewer voiceless

consonants were reported than voiced consonants and vowels (Maddieson, 2015).

This is likely because it is more difficult to understand voiceless consonants in a

denser, noisier environment. These examples show how one’s environment can pose

constraints on or bias linguistic features.

Related to this, the environment may shape a community’s communicative needs.

4Based on a reworked version of Mudd, Lutzenberger, et al. (2020)
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A popularized, but highly debated example of this is that Inuit languages have more

words for snow5, potentially because cold climate related meanings are more relevant

to communities residing in colder temperatures (an observation first made by Boas,

1911). Although this example is probably overstated, the statistical relation is clear.

Building on Boas’ claim, Whorf (1940) posited that in warmer climates communities

would have less need to communicate about ice and snow, and would thus use a single

broad morpheme to refer to colder weather terms. Regier, Carstensen, and Kemp

(2016) demonstrate support for this hypothesis: languages spoken in colder climates

preserve the ice/snow distinction, while languages spoken in warm climates do not

always. The idea here is that semantic categories relevant to a given community will be

more nuanced in the language’s lexicon. All in all, these examples introduce the theory

that the environment shapes communicative pressures which in turn shape linguistic

features. Put simply, languages adapt to fit their particular niche. This can in part

explain the overwhelming diversity observed in the world’s languages.

It has widely been suggested that societal features shape linguistic features (Wray

& Grace, 2007; Trudgill, 2009; Lupyan & Dale, 2010). Trudgill (2009) focuses on three

parameters of a community: the degree of contact with other languages, the denseness

of the social network and the community size. Based on these factors and others,

communities can be classified as esoteric or exoteric depending on the social and

cultural context of their use6 (Wray & Grace, 2007). The prototypical esoteric community

is one which is geographically, linguistically and culturally isolated. In this type of

community, there is a high degree of shared cultural context, a shared environment,

cultural homogeneity and a unified identity. Most individuals in this type of community

were born within the community, and in turn, most individuals acquire the language(s)

used in the community from birth. In addition, there is typically a smaller population size

in esoteric communities (Lupyan & Dale, 2010). In contrast, the prototypical exoteric

community is one that is open, outward-facing and is composed of individuals who

have not interacted with all others in the community (Wray & Grace, 2007). Here,

5for instance, see "The great Eskimo vocabulary hoax" by Pullum (1989)
6This terminology was introduced as esoteric and exoteric languages by Thurston (1989) and has been

subsequently adapted by others, such as by Wray and Grace (2007) referring to esoteric and exoteric

communication and by Lupyan and Dale (2010) referring to the esoteric and exoteric linguistic niche. In this

thesis, I highlight the features of different communities and hence refer to esoteric and exoteric communities.
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individuals will not know everyone, will not share cultural practices with everyone in

the community and hence will have less common ground. Exoteric communities are

typically large and the languages spoken across these communities are predominantly

used by adult language learners (Lupyan & Dale, 2010). As discussed in the previous

section with regards to categorizing communities, there is great variation within each

category for each property considered (e.g. community size and proportion of infant

language learners), but categorizing linguistic communities in this way proves to be a

useful theoretical framework to consider the cross-linguistic effects of social structure

on linguistic structure.

The theory that the social and environmental niche in which a language is used

shapes its linguistic features is called the linguistic niche hypothesis (a term coined by

Lupyan & Dale, 2010). This theory states that in esoteric and exoteric communities

there are certain linguistic features which are to be expected. In esoteric communities,

most language learners are infants so the linguistic features present should be easily

acquired by them (Wray & Grace, 2007). Languages learned by predominantly children

become increasingly complex and retain irregular features. In turn, these languages

are harder to learn by outsiders. Meanwhile, languages used in exoteric communities

are predominantly acquired by adults and therefore should evolve to be easily learn-

able by adults. These languages are more transparent, and are phonologically and

morphologically simpler than the ones used in esoteric communities (Wray & Grace,

2007).

Often, linguistic differences across these types of communities have been investi-

gated at the morphological level. To expand on one key study, Lupyan and Dale (2010)

compared linguistic features and social features of over 2000 languages to investigate

if there is evidence to support this hypothesis. Specifically, they were interested in

understanding if languages spoken by more adult learners (who have more difficulty ac-

quiring complex morphology) exhibited simpler morphology and if languages spoken by

predominantly first language learners (children who will benefit from the redundancy of

complex morphology) exhibited more complex morphology. To study this, they analyzed

if morphological complexity correlates with population size, geographic spread and

language contact as proxies for the amount of adult learners, and found that simpler

morphology indeed correlates with a larger population size. Postulating that population
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size alone might be sufficient to explain this relationship, Raviv et al. (2019) tested this

by having participants in the lab improvise and communicate in made up languages

about a set of meanings in small or large groups. They found that the size of the group

predicted the speed and degree of morphological systematicity, a result which they

attribute to the higher degree of input variability in larger groups. I will return to this

hypothesis later.

The sign language categorizations presented in the previous section map onto

the community types presented here. As brought to light by Meir et al. (2012), Deaf

community sign languages are typically used in exoteric communities while shared

sign languages are typically used in esoteric communities. As these two types of

communities differ along many parameters, it is no surprise that their linguistic features

are expected to differ as well (Meir et al., 2010). Comparative studies offer a glimpse

into how exactly linguistic features of these community types may differ: Meir et al.

(2012) compare the linguistic features of Al-Sayyid Bedouin Sign Language (ABSL) and

Israeli Sign Language (ISL), two sign languages from Israel which are estimated to be

around the same age but vary greatly in their context of emergence and use.

ABSL developed in the 1930s following the birth of four deaf children in the

Al-Sayyid community in the Negev region (Kisch, 2008). Deafness in this community

is recessive and nonsyndromic (Scott et al., 1995). Because ABSL is used by many

throughout the community, deaf and many hearing children acquire ABSL from birth

(Meir et al., 2012). As a result, most people in this community have some knowledge of

ABSL. This community is insular: all members belong to one single extended family and

the majority of marriages are within the community (i.e. endogamous). As a result this

community is homogenous in its social and cultural practices. The Al-Sayyid community

is small, with slightly over 3,000 members, of which approximately one third are regular

signers and 130 are deaf (Kisch, 2012). In contrast, ISL emerged from the formation

of the deaf community in Israel in the 1930s, initially in Tel Aviv and in deaf schools,

before spreading to other cities in Israel (Meir & Sandler, 2007). Early on, individuals

in the deaf community were from different backgrounds, including many immigrants

from various countries, some of whom knew the sign language from their home country.

In deaf schools (first in Tel Aviv and then elsewhere), education was strictly oral, so

deaf children developed a sign language on their own, as they had no exposure to
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any sign language (Meir et al., 2012, p. 258). Eventually, the deaf community and

individuals having attended deaf schools merged, forming what is now referred to

as the ISL community (Meir et al., 2012). Today, the ISL community is comprised of

around 10,000 individuals, who come from various parts of Israel and do not share the

same socio-economic background. Thus, the ISL community can be described as a

heterogeneous group. How may these different societal structures affect the features

of ABSL (categorized as a shared sign language in an esoteric community) and ISL

(categorized as a Deaf community sign language in an exoteric community)?

One clear example of how community structure may shape language is in com-

paring the use of space in ISL and ABSL, as presented in Meir et al. (2012). As all

ABSL signers are from the same village and thus share knowledge of where things are

located, pointing is a strategy that is used to refer to real-world locations and entities.

Thus, they are referring to the true "geographical space" of the referent. For example, a

common way of referring to an individual in the community in conversation is to point

to the location of their home, even though individuals have name signs. In the ISL

community, where members do not always share the same background, pointing to

things in one’s environment would not always be a viable strategy. As such, adapting to

the affordances of the linguistic community, ISL uses space more often as a represen-

tational device for grammatical or real-world spatial relations, i.e. "relative space". For

example, individuals typically localize referents in the signing space (i.e. they produce

the sign for the referent and then point to where it will be represented in space) and

then may describe the relation between referents (see Meir et al., 2012, p. 265-269

for more examples). Meir et al. (2012) also discuss differences across other linguistic

levels in ABSL and ISL. In the following section, after some introduction to the topic,

I will discuss differences between ABSL and ISL at the lexical level. What I aimed to

show with this comparison is how languages adapt to the affordances provided by the

environment and the needs of their users.

1.2.3 Lexical variation

Lexical variation refers to the existence of multiple forms to refer to a concept. This

variation can be considered within an individual, between individuals of one language
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and across speakers of different languages. For example, between individuals, what I

(as an American English) speaker would call a "swimsuit", a British English speaker

might be more inclined to call a "swimming costume". This is an example of regional

variation, where the location an individual is from predicts the lexical variant that they

will use. Further, I would be more likely to hear my grandma call something "excellent"

than "lit", demonstrating how linguistic preferences can vary by age, and also how

language change can unfold (with "lit" taking on a new meaning in recent years). Lexical

variation exists across many sociolinguistic levels and to varying degrees in different

languages. I will provide a few examples of lexical variation in sign languages, as that

is the focus of the thesis.

In Irish Sign Language, a Deaf community sign language, the lexicon is heavily

gendered as a result of sex-segregated residential schools for deaf children from

the mid-1800s until recently (LeMaster, 1998). A high degree of variation between

boys and girls persisted because there was little interaction between the students and

faculty of the schools. Hence, in this community, lexical preferences were shaped as

a result of schooling practices, determining interaction patterns within the community.

A second example is from ABSL in which Meir and Sandler (2019) introduce the term

familylects, referring to how families in this community tend to produce similar lexical

items. Figure 1.1 shows two compounds for kettle produced consistently by members

of the same families. Finally, from my experience with Langues des Signes Belgique

Francophone (LSFB, the sign language used in the French speaking community of

Belgium), at the start of the coronavirus pandemic many signs for Covid were used

across the community with different iconic roots; for example, one sign for Covid is a

compound made up of "sick" and "spread" and a second sign combines the signs for

"world" and a variant of "spread" (Guektasch, personal communication). After some

time, LSFB signers seemed to converge on one form, namely the second one. This

last example highlights two important points: 1) the emergence of new concepts in a

language may involve an initial state of lexical variability, and 2) iconic form-meaning

mappings are often exploited in lexical improvisation (more on this topic in the next

section).

In contrast to the emergence of spoken languages, documented sign languages

are young (a maximum of several hundred years old, Brentari & Coppola, 2013), which
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Figure 1.1: Two signs for kettle in ABSL, each produced by individuals in different

families. Subfigure A is annotated as CUP^POUR and Subfigure B is annotated as

CUP^ROUND-OBJECT (Meir & Sandler, 2019, p.345, with permission from Wendy

Sandler).

provides an opportunity to study languages in their early stages and sometimes from

birth (such as the case of Nicaraguan Sign Language, Senghas, Kita, & Özyürek, 2004).

In studying young sign languages, it has become clear that in situations of language

emergence lexical variation is the default: "it is hard to conceive of how a language

could begin from nothing, as ABSL did, except under conditions of great variation" (Meir

et al., 2012, p. 282). This makes sense as in the early stages of a language, individuals

across the community must improvise forms to refer to different concepts. From this

initial point in language emergence where there is a high degree of lexical variation, two

extreme scenarios can be imagined: on the one hand, a community could completely

retain the high degree of lexical variation present in language emergence. On the other

hand, community members could completely converge on one form per concept (i.e. a

state of total lexical uniformity).

Connecting with the previous section, it seems like the social structure of sign

language communities may in part explain the degree of variation retained and how this

variation is shaped. Meir et al. (2012) claim that ABSL exhibits more lexical variation

for everyday concepts than ISL does. Similar claims about a high degree of lexical

variation have been made for other sign languages in esoteric communities, such as

San Juan Quiahije Chatino Sign Language (Hou, 2016) and Providence Island Sign

Language (Washabaugh, 1986). It has been suggested that shared sign languages
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exhibit more inter and intra-signer lexical variation due to several factors. Describing

the lack of conventionalized color terminology in the shared sign language Kata Kolok,

de Vos (2011) posits that the following factors come into play: 1) the small population

size allows for individuals to keep track of other’s unique expressions, 2) face-to-face

interaction facilitates the use of strategies like pointing to refer to concepts in the shared

environment and 3) often the case, no formal deaf education in these communities

means no standardization of the language is imposed.

Focusing on the first of these factors, the hypothesis that population size affects

lexical variation in sign language emergence has been investigated in a computational

model (Thompson, Raviv, & Kirby, 2020). In this model, agents (i.e. the representation

of individuals in the model) had a fixed memory size, such that they were only able to

keep track of a limited number of lexical items. This meant that in larger populations

agents could not remember all lexical productions of their interlocutors. When agents

communicated with frequent interlocutors, they used the preferred lexical variant of

that agent, while when agents interacted with strangers, they used the most commonly

heard lexical variant. Initially, all agents improvised lexical variants. They found that

the speed of convergence depended on population size: smaller populations were

slower to converge (and sometimes did not converge at all). In contrast, a previous

investigation of how community size affects the rate of lexical convergence found that

smaller populations converge more quickly on a shared set of lexical items, though

really the point of that study was to show that the effect is similar across population

sizes (Baronchelli, Felici, Loreto, Caglioti, & Steels, 2006). These studies bring up a key

assumption often made in multi-agent systems studying linguistic conventions, namely

that the goal of a population is to fully converge (i.e. to reach lexical uniformity). I will

return to this point in the general discussion. How exactly lexical variation in a sign

language is affected by shared context and formal education has yet to be explored.

While much of the focus on comparing these two types of communities has

been on the high degree of lexical variation in shared sign languages, another avenue

explores how sociolinguistic factors govern lexical variation, often in Deaf community

sign languages. This synchronic approach does not focus on language emergence

and the retention or decay of the initial variation present in a community, but rather on

how societal structure dictates lexical variation. A clear example of this is from BSL
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where region governs lexical preferences, likely the result of deaf individuals attending

regional schools where the sign language was used (Stamp et al., 2014). As Deaf

community sign languages are often learned and used in deaf schools, lexical variation

is often shaped by this: race-based school segregation in the United States has led

to variation between black and white American Sign Language (McCaskill, Lucas,

Bayley, & Hill, 2011) and sex-based school segregation in Dublin has led to variation

between women and men in Irish Sign Language (LeMaster, 2006). These studies

have focused on which sociolinguistic factors explain patterns of lexical variation in

Deaf community sign languages, but they do not focus on the degree of variation in

these sign languages. This raises two questions: 1) which sociolinguistic factors govern

lexical variation in shared sign languages? and 2) are there differences in the degree

of variation between Deaf community sign languages and shared sign languages?

These questions are explored in Chapter 4 and Chapter 5 in an analysis of a picture

description task in Kata Kolok, a shared sign language. The results are then compared

to BSL, a Deaf community sign language. Chapter 6 explores the effect of one factor

on lexical variation, namely the degree of shared context in a community.

1.2.4 Iconicity

The long-lasting emphasis on the arbitrariness of form-meaning mappings across

languages (e.g. de Saussure, 1916; Hockett, 1960) is subsiding in favor of a view

which considers arbitrariness and non-arbitrariness as two ends of a spectrum (Perniss,

Thompson, & Vigliocco, 2010; Dingemanse, Blasi, Lupyan, Christiansen, & Monaghan,

2015). One form of non-arbitrariness is iconicity, or the resemblance-based mapping

between forms and meanings (Dingemanse et al., 2015). In English and in many other

languages, words for noises that animals make are often iconic, involving onomatopoeia

(i.e. the process of creating a word from imitating a sound in nature, Assaneo, Nichols,

& Trevisan, 2011): "woof" (dogs), "meow" (cats), "neigh" (horses), "cluck" (chickens),

etc. Each language adapts to its phonological constraints, which explains why the words

describing animal noises in other languages differ, but sometimes bear a resemblance

cross-linguistically. For example, the French word for the sound a rooster makes is

"cocorico" and in English is "cock-a-doodle-do"; these words clearly resemble each
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Figure 1.2: Signs for plane in British Sign Language (A), American Sign Language (B)

and Korean Sign Language (C). All three languages use different shapes to depict the

main body of the plane, given that each language has its own phonological conventions

(Ortega, 2017, p.4, with permission from Gerardo Ortega).

other but differ as French and English have different phonological constraints and

histories. Onomatopoeias highlight one form of iconicity in spoken language, where

sounds perceived in the auditory channel are imitated.

In sign languages, the manual modality provides fertile grounds for depicting

what is visually perceived (Perniss et al., 2010). A sign is comprised of three main

parameters at the phonological level: the handshape, the location (where the hands

are in space or on the body) and the movement of the hands. Iconic mappings may be

present across any of these three parameters. In ASL and BSL, the signs for cat depict

the whiskers of a cat, but they use different handshapes to do so while using the same

location and movement (see Figure 3 in Perniss et al., 2010, p. 5). A second example

is shown in Figure 1.2 from Ortega (2017), where the sign for airplane in Korean Sign

Language, ASL and BSL all depict the main body of the plane with the hand but use

different handshapes to do so, given the different phonological conventions in the

languages.

Because different features from each parameter (handshape, location and move-

ment) are used to produce a sign, the combination of features used can represent

different facets of the concept one is referring to. An often-provided example of this is

the sign for tree across different sign languages: in ASL the branches and leaves are

mapped onto the fingers and the trunk is mapped onto the forearm, while in Chinese

Sign Language the trunk of the tree is depicted by the index and thumb outlining the
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shape of the trunk (see Figure 6 in Bellugi & Klima, 1976, p. 523). This illustrates that

in some languages certain features of a concept may be depicted, while others may

be omitted. Within a language, lexical variants may also depict different aspects of a

concept. For example, there are three variants for pig produced by deaf people living

in the Nebilyer/Kaugel region of the rural Papua New Guinea highlands (Reed, 2019).

The underlying iconic meaning of each of these signs are: 1) the rooting of the pig, 2)

the pig’s tusks, and 3) the way that pigs are tied around their foreleg (as is practiced in

this farming community). Reed (2019) points out that the choice of these iconic forms

are to some extent arbitrary in the sense that other salient features could have been

depicted, like the curly tail or the nostrils of the pig.

In different communities and in different subsets of communities, certain aspects

of a concept might be more salient. Familiarity with a concept and how one interacts with

an object may determine the preferred iconic form-meaning mapping. One illustration

of this is in the homesign systems of Guatemala described by Horton (2018) in which

preferences for certain signs for vegetables may be explained by women’s experience

preparing to eat them (depicting peeling and chopping) and men’s experience in farming,

such as planting and harvesting. Besides one’s experience with a concept, it has been

suggested that different semantic categories prompt different iconic strategies to portray

that concept, called patterned iconicity (Padden et al., 2013). Cross-culturally, it has

been shown that for animal signs, signers prefer to use personification, where features

of the animal are mapped onto one’s body (i.e. the full body represents the animal) as

opposed to other strategies like representing it as an object, where the sign is produced

at the hands (Hwang et al., 2017).

One final, important point about iconicity which will be returned to throughout the

later chapters of this thesis is how the successful use of iconic properties may depend

on social structure. As mentioned, aspects of concepts may be more salient depending

on one’s cultural and environmental background, as well as one’s experience with a

concept. Besides general affordances granted from the human experience (e.g. women

have breasts, men grow beards, birds fly), iconicity is subjective (Occhino, Anible,

Wilkinson, & Morford, 2017). In other words, without shared context, iconicity can be

misunderstood or simply not understood (Bellugi & Klima, 1976; Occhino et al., 2017).

de Vos (2011) posits that having shared social and psychological context allows for
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the use of strategies like pointing and using iconic signs. Returning to the pig example

from the signs produced in the Nebilyer/Kaugel region of the rural Papua New Guinea

highlands, to understand the iconic form-meaning mapping of the sign depicting a pig

tied up by its foreleg requires knowledge of how pig farming is conducted in this region.

In shared signing communities where the environment is shared, salient features

of meanings are also shared. In this way, improvised iconic form-meaning mappings

can be successfully communicated. In contrast, in Deaf community sign languages

where there is less shared social and psychological information across the community,

improvised iconic form-meaning mappings will be less likely to lead to successful

communication. Hence, the social structure of the community may have implications on

the use of iconicity (Tkachman & Hudson Kam, 2020).

Relating to the previous sections, the relationship between social structure and

lexical variation may be influenced by the available use of iconicity, depending on the

shared context of the community. It has been proposed that a high degree of shared

context makes lexical variation possible (Tkachman & Hudson Kam, 2020; Sandler et al.,

2011). In shared signing communities, signers seem to be able to understand several

different variants used to refer to the same concept (Shuman, 1980; Washabaugh, 1986;

Meir et al., 2012). As shown in Figure 1.1, different families in the ABSL community

have different lexical preferences for kettle, but these different versions are intelligible

throughout the community, with shared context likely playing a role (Sandler et al.,

2011). In Deaf community sign languages, because there is less shared context, the

existence of multiple signs is more likely to hinder successful communication and thus

create a pressure for lexical uniformity (Tkachman & Hudson Kam, 2020). All in all,

these observations and theories from sign language communities generate a concrete

hypothesis about the relationship between shared context (allowing for iconicity), lexical

variation and social structure. Furthermore, in the case of ASL, iconicity has been

shown to decay overtime (Frishberg, 1975), but how social structure influences this is

yet unexplored.
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1.2.5 Language persistence

A final main theme of this thesis is the study of if a language will continue to exist,

called language persistence. A series of mathematical models have studied sign

language persistence (Aoki & Feldman, 1991, 1994; Feldman & Aoki, 1992; Arnos et

al., 2008; Nance, Liu, & Pandya, 2000; Nance & Kearsey, 2004). Very much in the

context of gene-culture co-evolution, the focus of these models was on a high degree

of assortative mating for deaf/hearing status, where deaf individuals have a tendency

to produce offspring with deaf individuals and hearing individuals have a tendency to

produce offspring with hearing individuals7. Assortative mating for deaf/hearing state

(in which recessive alleles for deafness are guaranteed to be transmitted by deaf-deaf

couples) ensures the birth of new deaf individuals as well as the transmission of the

sign language. In one such model, Aoki and Feldman (1991) find that sign language

persistence is facilitated by the following factors: a high proportion of hearing individuals

acquiring the sign language, a high proportion of recessive alleles for deafness and

a high assortative mating for deaf/hearing status. In addition, they find that other

types of sign language transmission besides vertical are negligible on sign language

persistence.

Gialluisi, Dediu, Francks, and Fisher (2013) showed that the model of Aoki and

Feldman (1991) does not account for the persistence of the shared sign language ABSL,

where assortative mating for deaf/hearing status is not the norm; in this community it

is common for deaf individuals to marry hearing individuals (Kisch, 2012). In order to

account for the persistence of shared sign languages, Gialluisi et al. (2013) highlight a

myriad of factors that should be included in these models, largely pertaining to their

social structure. For instance, considering other forms of sign language transmission

besides vertical is likely one important addition required for these models to accurately

depict this community (Gialluisi et al., 2013). Other factors like consanguineous mar-

riages, endogamy and the cultural integration of deaf individuals may be required to

explain the persistence of these languages as well. In Chapter 2 and Chapter 3 I expand

on Aoki and Feldman’s (1991) model and I implement some of the recommendations

made by Gialluisi et al. (2013), modeling specific aspects of the social structure of

7Based on a reworked version of Mudd, de Vos, and de Boer (2020b)
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shared signing communities. In this thesis, I mainly focus on community-internal factors

related to social structure. However, sign languages are endangered by other factors

as well, some of which I will outline here and return to in the general discussion of the

thesis.

Broadly speaking, different types of sign languages are threatened by different

factors. Webster and Safar (2019) assert that Deaf community sign languages suffer

from an increased number of deaf children receiving cochlear implants and mainstream

education where sign language is not used. On the other hand, shared sign languages

are at risk due to a host of factors: fewer deaf children being born, an array of soci-

etal changes, more contact with the surrounding national sign language, etc. Some

shared sign languages, such as Martha’s Vineyard Sign Language, have gone extinct

already (Groce, 1985). Only in the 1990s, language vitality began to systematically be

measured in order to preserve languages, and to further research communities facing

endangerment (Webster & Safar, 2019). Several assessment tools exist (Eberhard,

Simons, & Fennig, 2021; Webster & Safar, 2019) and are being adapted to suit sign

language communities, which have historically been left out of such surveys (Webster

& Safar, 2019). Given that small communities experience drastic fluctuations (which

has been noted for shared signing communities, Kusters, 2009), it is necessary to often

measure how at risk a language community is of not persisting (Lutzenberger, 2021).

For the case of Kata Kolok, Lutzenberger (2021) outlines the factors positively and

negatively contributing to the persistence of Kata Kolok. These factors are visualized in

Figure 1.3. One factor positively affecting the persistence of Kata Kolok is that primary

aged children have access to education in Kata Kolok (de Vos, 2012a). Another positive

factor is the positive attitude towards Kata Kolok in the community. On the other hand,

several negative factors affect the vitality of Kata Kolok: for example, fewer deaf children

are being born, marital patterns are changing towards marriages with individuals from

outside the village (affecting language and genetic transmission) and there is increased

contact with other languages. Recently, language contact has come via two avenues:

first, with some deaf individuals attending secondary school outside the village and

with increased mobility, language contact with Indonesian signing varieties (BISINDO)

has increased, and second, signing tourists from around the world visiting Bengkala

interact with Kata Kolok signers (Lutzenberger, 2021). This example highlights that sign
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Figure 1.3: Recent developments (orange = negative; light orange = positive) affecting

the language vitality of Kata Kolok (from Lutzenberger, submitted, with permission from

Hannah Lutzenberger).

language persistence is complicated, as it depends on a variety of societally internal

and external factors at various levels (genetic, social, educational, etc.).

Often, information about the persistence of a language and community factors

is collected via survey data. One supporting methodology to survey data is modeling.

Various types of models have been used to study language endangerment and language

death. A prominent mathematical model by Abrams and Strogatz (2003) models

language and social structure in an extremely simplistic fashion, where individuals

belong to one of two linguistic communities. All individuals are monolingual but may

decide to switch language based on the number of speakers and status of a language.

Thus, the more speakers a language has and the higher the status it has, the more
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likely an individual is to speak that language. Crucially, one language will always drive

the other to extinction. Using data from real languages, their model highlights the

importance of increasing the status of the endangered language. Building on this basic

model, Kandler, Unger, and Steele (2010) add a bilingual state, which can persist

under certain conditions. Their study uses detailed census data from well-studied Celtic

languages, such as Scottish Gaelic. This tool could be used as a support to policy

implementation; for instance, the model by Kandler et al. (2010) can be used to estimate

the number of new speakers of a language required each year for the language to not

be at risk of endangerment.

1.3 Main research questions

Specifically, in this thesis I aim to investigate the following questions:

• How does social structure - influencing who transmits language and genes to

who - influence the persistence of shared sign languages?

• How does social structure shape the lexical preferences of signers in the shared

sign language Kata Kolok?

• How does social structure determine the degree of lexical variability in sign

language emergence?

1.4 Methodologies used

In this thesis, two main methodologies are used: agent-based models and an analysis

of a picture elicitation task.

1.4.1 Agent-based modeling

The field of language evolution is faced with a nearly insurmountable methodological

problem: language is not preserved in the fossil record and therefore only indirect
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evidence can be used, relying on a wide range of disciplines. More recently, exper-

imental methods (as reviewed in Scott-Philips & Kirby, 2010) and naturalistic data

from sign languages have been used as a proxy for the linguistic properties present in

early human language emergence. Prior to this, formal models, models which lay out

assumptions and study their consequences8, have been at the forefront of the field of

language evolution (A. Smith, 2014). These models come in several flavors, as outlined

by A. Smith (2014), ranging from computational models to interaction between physical

robots (such as in the "Talking Heads Experiment" by Steels & Kaplan, 1999).

Computational models have been used since the early studies in this field

(e.g. Hurford, 1989). Given that language is a complex adaptive system (Steels, 2000),

this methodology is well suited to study different linguistic and social features simulta-

neously. Here, I will discuss one type of computational model called an agent-based

model. At the core of this type of model is the agent or "autonomous decision-making

entity" (Bonabeau, 2002, p. 7280). In the model, a set of rules is defined dictating what

agents can do. By modeling the individual level, one can study emergent behavior at

the global level. There are several advantages to using agent-based models: they can

be used to study emergent phenomena, they can be used to describe a system and

this methodology is highly flexible (Bonabeau, 2002).

In the field of language evolution, agent-based models have typically used lan-

guage games and/or iterated learning (A. Smith, 2014). Language games involve

interactions within groups of agents of the same generation, emphasizing the self-

organization of language. For instance, de Boer (2000) showed how the kind of vowel

systems in real languages can be explained by local interactions between individuals,

as opposed to being innately specified. Iterated learning refers to how the transmission

of language from generation to generation can explain linguistic features (K. Smith,

Kirby, & Brighton, 2003). An early model by Kirby (2000) showed the importance of

a transmission bottleneck, meaning that in language acquisition, individuals are only

exposed to part of the language used by the previous generation. This results in the

need for individuals to generalize in order to communicate meanings they have not

seen before in their input. In generalizing, agents favor compositional structure over

holistic form-meaning mappings (Kirby, 2000).

8See Epstein (2008) and Smaldino (2017) for explanations of the usefulness of modeling in general.
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Computational findings from the iterated learning paradigm were later confirmed

experimentally (Kirby, Cornish, & Smith, 2008), highlighting the value of a multi-method

approach. In addition, as previously mentioned, stemming from naturalistic observations

from shared sign languages and Deaf community sign languages about the degree

of lexical variation in these communities, Thompson et al. (2020) use an agent-based

model to study why there may be a higher degree of lexical variation in shared sign

languages. Through local interactions where agents communicate about a set of

lexical items, the degree of convergence at the population level can be observed. In

addition to comparing findings from experiments and naturalistic observations to agent-

based models, another benefit of computational modeling is the flexibility permitted to

incorporate data into the model or into model development. This was highlighted in the

previous section, where for instance Kandler et al. (2010) incorporated census data

into their model to study the persistence of Celtic languages.

I will conclude this section by highlighting a data-driven model which studies the

role of community structure on the speed of lexical convergence9 (i.e. a decrease in

variability) in sign language emergence. Richie et al. (2014) compare two different

linguistic situations: homesign systems (i.e. linguistic systems created by deaf children

with little or no exposure to a sign language, Hill, Lillo-Martin, & Wood, 2018) in

Nicaragua and Nicaraguan Sign Language, a Deaf community sign language. Using

longitudinal data from both groups, they show that lexical variability decreases more

quickly in Nicaraguan Sign Language than in the homesign systems. This result serves

as inspiration for their model in which agents belonging to different community types

have different interaction patterns: one in which agents all interact reminiscent of

the structure in Nicaraguan Sign Language and one in which only a central agent

(representative of the deaf homesigner) interacts with all other agents, who do not

interact amongst themselves. Their model is run until the population reaches full lexical

uniformity. All else held constant in their model, they find that changing the network

structure (who interacts with whom) yields results akin to the empirical component

of their study: a network in which all agents interact reaches lexical uniformity more

quickly than a network with one central agent. Building models closely inspired by real

9Richie, Yang, and Coppola (2014) use conventionalization to refer to what I am calling convergence or

lexical uniformity (i.e. no lexical variation).
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languages and the communities that use them will lead to a better understanding of

how language emergence unfolds (Richie et al., 2014).

Creating agent-based models

Agent-based models can be implemented in any programming language, though they

could also be implemented without a computer, as done in one of the earliest agent-

based models studying segregation by Schelling (1971) which was originally made

using coins and graph paper. A host of agent-based modeling packages have been

developed in various programming languages. I will highlight three packages/languages

developed for agent-based modeling that I have come across; first, NetLogo is a

programming language created for agent-based modeling (Wilensky, 1999). NetLogo

has an interactive interface where parameters can be modified and results can be

visualized. Second, Mesa is a Python framework for agent-based modeling (Kazil,

Massad, & Crooks, 2020). According to the creators, Mesa aims to be a Python-based

equivalent to agent-based modeling languages like NetLogo. The biggest advantage of

using Mesa is that it is in Python, allowing for the use of Mesa in combination with other

Python packages and Python which is a highly versatile and widely used programming

language. Third, with a focus on language, the agent-based modeling software Babel

is a toolkit for creating and running experiments on emergent communication (Nevens,

Van Eecke, & Beuls, 2020; Loetzsch, Wellens, Beule, Bleys, & Trijp, 2008). It includes a

variety of modules, such as for Fluid Construction Grammar. It is written in Common

Lisp.

For the implementation of the agent-based models presented in this thesis, I used

the Mesa package in Python. Practically, this means that I used Mesa’s classes for

storing agents and the model, as well as Mesa’s data collector class which links up to

the visualization module. Figure 1.4 provides an example of Mesa’s chart visualization

which can plot different elements stored by the data collector. Here, I am plotting the

proportion of deaf agents (in pink) and the proportion of signers in the population (in

blue) over time for one run of the model presented in Chapter 2. On the left side of the

chart visualization, the sliders representing different model parameters are shown.

In Chapter 6 I use an agent-based model to explore how the degree of shared

context, a factor which has been proposed to differ depending on the social structure of
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Figure 1.4: An example of Mesa’s visualization component from Chapter 2, showing

sliders representing different model parameters (left) and a chart visualization showing

the proportion of deaf and signing agents in the population over time (right).

the community, affects lexical variation. I take inspiration largely from descriptions of sign

language communities and theories by sign language linguists (e.g. Meir et al., 2012;

de Vos, 2011; Tkachman & Hudson Kam, 2020). In Chapter 2 and Chapter 3 I also use

this methodology to build a model which accounts for shared sign language persistence,

inspired by descriptions of shared signing communities (e.g. the sociolinguistic sketches

in Zeshan & de Vos, 2012).

1.4.2 Picture description task and analysis

Picture description tasks are one way to probe linguistic preferences. By asking

participants to describe a picture (ideally pictures taken in the community or culturally

relevant ones), one aims to have a controlled setting for participant descriptions, as

opposed to analyzing naturalistic, conversational data in which context, conversation
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partners, etc. may differ. Picture description tasks have been used to study many

linguistic features, from lexical preferences to word order preferences. In this thesis,

this method is used to study lexical preferences.

In some spoken and signed languages, elicitation methods have been used to

determine the interrelatedness of languages. This method often uses the Swadesh list,

which is a list of basic concepts such as "I", "you", "woman", "mountain" and "belly"

(Swadesh, 1950, 1952), or adaptations of this list. In sign language linguistics, the

Swadesh list was modified by Woodward (1978) as to not overestimate the relationship

between sign languages, as the Swadesh list has many pronouns and body parts which

are typically indexical signs across sign languages. For many sign languages, instead

of showing signers word lists for them to produce, pictures have been shown. Whether

pictures or words are used, the idea is the same: participants should produce the sign

they use to refer to the stimuli.

In order to determine if the signs produced by participants vary within or across

languages, two main methodologies have been used: sublexical parameter comparison

and considering the iconic properties of signs. Sublexical parameter comparison

compares two signs by examining their phonological parameters, such as their location

and movement, and classifying them as identical, similar or different (e.g. D. McKee

& Kennedy, 2000). This method has often been used to study older, Deaf community

sign languages, such as BSL (Stamp et al., 2014) and New Zealand Sign Language

(R. McKee & McKee, 2011). This method presupposes the existence of contrastive

sublexical parameters (i.e. the existence of phonology), but it has been suggested that

this is not present in language emergence and rather that phonology develops over time

(for the case of ABSL, see Israel & Sandler, 2011). In cases where the existence of

contrastive features is not evident or has not been studied, a different method is typically

used which relies on the identification of the iconic motivation underlying the sign.

Though this method has been given different names, the gist is the same; Reed (2019)

analyzes the lexical preferences of 12 deaf people living in the Nebilyer/Kaugel region

of the rural Papua New Guinea highlands using sign base comparison. Richie et al.

(2014) determine the conceptual components of lexical items produced by homesigners

in Nicaragua and signers of Nicaraguan Sign Language. Hartzell, Ergin, Kursat, and

Jackendoff (2019) identify the iconic prototype of signs produced by of signers of Central
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Taurus Sign Language. Finally, Hou’s (2016) annotation of lexical items in the family

sign languages in the San Juan Quiahije community aimed to "represent a type of

iconic patterning in part of the identification of an object" (Hou, 2016, p. 151).

The ways in which the lexical variants are coded also has implications for how

they can be analyzed. And crucially, if datasets are collected, annotated and coded in

different ways, this limits the validity of cross-linguistic comparisons. For example, using

a picture description task, signers may respond with a lengthy anecdote, as reported

by Hou (2016) and Reed (2019). Reed (2019) reports that participants were confused

and uncomfortable with being asked to produce a single sign in response to the task.

This results in some datasets where only one sign is produced and analyzed (e.g. in

the BSL elicitation task, Stamp et al., 2014) and others where a lengthier production is

analyzed (e.g. in the homesign systems in Guatemala description task, Horton, 2018).

To conclude, this method has long been used to study lexical differences between

signers of one language or to compare languages, but more work is needed to develop

a methodology which can be used across languages. In Chapter 4 and Chapter 5 I

present an analysis of a picture description task in Kata Kolok, a quantitative analysis

which can be used cross-linguistically.

1.5 Relevance of the thesis

This thesis exists at the intersection of computer science, cognitive science and sign

language linguistics. Because of this, the contributions of this thesis are specific to

each field.

For sign language linguists, a methodology rarely used in the field - namely,

agent-based modeling - is brought forward as a viable methodology to test hypotheses

about linguistic and societal structure. This methodology has been at the forefront

of the field of language evolution since its inception (A. Smith, 2014), and in recent

years has been used to study sign language communities (e.g. Richie et al., 2014). In

addition to this, explorative quantitative methods are presented in the thesis, such as

different clustering and statistical techniques. I propose that these methods could be

used alongside qualitative ones for a richer understanding of the linguistic preferences

across a community.
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For researchers in cultural/language evolution, sign languages provide a window

into the early stages of language evolution, as all sign languages studied today are

young languages, with the oldest documented sign languages dating back to the 1700s

(Brentari & Coppola, 2013). As a sign language emerges when a number of deaf

individuals congregate without access to a sign language (Hill et al., 2018), studying

sign language emergence allows us to ask questions about what linguistic features of

a new language look like, and how societal factors influence them. This process may

have parallels to the emergence of language in humans (Meir et al., 2010). In addition,

of particular interest to the field of cultural evolution, models of the persistence of sign

languages offer an example of gene-culture co-evolution: sign language transmission

and the genetic transmission of alleles for deafness coevolve in assortative marriage

patterns (in which individuals have a preference or not to marry and have offspring with

an individual with their same phenotype with regards to deafness).

Finally, this thesis aims to bring these fields closer together, to encourage cross-

disciplinary collaboration as well as to highlight advantages of cross-methodological

approaches.

1.6 Overview of chapters

Chapter 2 and Chapter 3 present a model of sign language persistence. The goal of

these chapters was to create a model which accounts for the persistence of shared

sign languages, as opposed to just Deaf community sign languages, which vary in

terms of social structure among other factors. Specifically, in Chapter 2: A model

of sign language persistence, a first attempt is made to go beyond an existing

mathematical model of sign language persistence. In this chapter, I reimplement an

existing mathematical model as an agent-based model, and study several factors which

have been observed in shared sign language communities: including hearing signers

in the sign language transmission process, considering several modes of language

transmission (beyond just vertical transmission) and modeling a variety of marriage

tendencies with regards to assortative marriage for deaf/hearing status. Specifically, I

investigate what is required in order to predict the persistence of shared sign languages

when only deaf-deaf marriages occur. Chapter 3: A data driven model of sign
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language persistence builds directly on Chapter 2 by considering more realistic values

as input parameters to the model, and enhances the previous model in two key ways:

1) the language transmission component is more realistic by considering entire family

units and 2) consanguineous marriages (i.e. cousin-cousin marriages) are modeled

in addition to assortative marriage for deaf/hearing status. In these two chapters, my

goal was to create a model representative of the social structure and norms present

in shared sign languages, inspired by the wealth of research and data available from

these communities, and to investigate the effect of various proposed factors on shared

sign language persistence.

Chapter 4 and Chapter 5 present a picture description task conducted in the

Kata Kolok community and its analysis. The goal of these chapters was to understand

how social structure influences lexical variation in this community. Chapter 4: The

effect of sociolinguistic factors on variation in the Kata Kolok lexicon presents

a first attempt to do so. In this chapter, quantitative methods are presented to study

lexical variation in a community where hypotheses about what drives variation are not

immediately clear. Hence, this analysis can be seen as an exploratory first step looking

broadly at different sociolinguistic variables and their influence on lexical variation. Fol-

lowing this, in Chapter 5: Social structure and lexical uniformity: a case study of

gender differences in the Kata Kolok community, I investigate one specific hypoth-

esis related to social structure and the degree of lexical variation. Specifically, in this

community, women and men have different social patterns which generates a prediction

that they will exhibit differing degrees of lexical variation. The relationship between

social structure (looking at gender) and lexical variation is studied, but no definitive

conclusion can be drawn without proper data on the social networks of participants. In

these two chapters, I present a quantitative approach to the study of lexical variation

in the Kata Kolok community, using novel analysis tools for the study of (shared) sign

languages, drawing on state-of-the-art computer science techniques.

In Chapter 6: Shared context facilitates lexical variation in sign language

emergence, I study the theory that shared context (or common ground) may allow

for a high degree of lexical variation to persist in a population. This theory stems

from research into shared sign languages, which reports a high degree of lexical

variability between frequent communicative partners; in these smaller, more tightly
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knit communities, individuals have a high degree of shared context. Hence, societies

with different social structures (different sizes and densities) have been theorized

to exhibit differing degrees of lexical variability. I operationalize this theory using

an agent-based model. More precisely, I posit that lexical variability can persist in

a population when iconic signs (requiring a high degree of shared context) can be

successfully communicated. With shared context, iconic signs can be understood

without necessarily having been seen before, and hence these signs can persist more

easily across a population. This chapter adds to a growing body of work considering

the role of societal structure on linguistic structure. The model presented in this chapter

is the first to consider the role of shared context (and its effect on iconicity) on lexical

variability in sign language emergence.

Finally, Chapter 7: Summary and general discussion summarizes the main

findings presented in this thesis, and situates these findings within current research in

the fields of language evolution and sign language linguistics. I conclude by speculating

on avenues for future work stemming from the findings and shortcomings of this thesis.



Chapter 2

A model of sign language

persistence

Preface

This chapter is the starting point of my thesis, as it revisits one of the only models

of sign language communities, the model by Aoki and Feldman (1991). There are

several original contributions of this chapter: first, I present an implementation of Aoki

and Feldman (1991) as an agent-based model (Section 2.2). Second, I conduct two

experiments exploring a) the role of assortative marriage based on deaf/hearing status

(Section 2.3.1) and b) different sign language transmission methods (Section 2.3.2).

I also show the value of having hearing signers be part of the transmission process

(Section 2.3.2).

This chapter was published as a journal article as part of a special issue on

Cultural Evolution in Palgrave Communications edited by Jamie Tehrani. From the

original publication, there have been a few very minor changes. One thing that I added

is Appendix A, in which I check for a potential bias in the model code. This research

was supervised by Connie de Vos and Bart de Boer, who also assisted in the planning

35
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stages of the model1. The model code is available at https://doi.org/10.6084/

m9.figshare.11522589.v5

Mudd, K., de Vos, C. & de Boer, B. (2020). The effect of cultural transmis-

sion on shared sign language persistence. Palgrave Communications, 6(1),

1-11. https://doi.org/10.1057/s41599-020-0479-3

Abstract

In this paper, we revisit a mathematical model of sign language persistence by Aoki and

Feldman (1991), which investigates the evolution of genes causing deafness, affected

by an assortative mating parameter, and the cultural transmission of sign language.

To assess their model, we reimplement it as an agent-based simulation to be able to

easily represent structured relationships in a finite population. We study the persistence

of shared sign languages, a categorization of sign languages, which are typically

shared by deaf and hearing members of a small community with a high incidence of

hereditary deafness (Nyst, 2012). We observe how shared sign language persistence

is affected by hearing signers, marriage patterns, and various modes of sign language

transmission: vertical, horizontal, oblique, and grandparental transmission. In contrast

to the finding that modes of transmission other than vertical are negligible by Aoki and

Feldman (1991), in the agent-based model we find that adding modes of transmission

helps to ensure shared sign language persistence. A better understanding of sign

language persistence has relevance for processes of cultural evolution, (sign language)

linguistics, and language endangerment.

2.1 Introduction

Human evolution has been shaped by interactions between genes and culture (Aoki &

Feldman, 1991). The theory of gene-culture co-evolution posits that genes and culture

are interacting systems, in which offspring inherit both genetic and cultural material

1Conceptualization by KM and BdB; software by KM; visualization by KM; writing—original draft preparation

by KM; writing—review and editing by KM, BdB and CdV.

https://doi.org/10.6084/m9.figshare.11522589.v5
https://doi.org/10.6084/m9.figshare.11522589.v5
https://doi.org/10.1057/s41599-020-0479-3
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(Feldman & Cavalli-Sforza, 1976). Models of gene-culture co-evolution typically find

faster rates of change than models from conventional population genetics (Feldman &

Laland, 1996). Additionally, in response to human cultural activity, genes (sometimes

deleterious from a purely biological perspective) have undergone positive selection.

It has been estimated that up to 10% of the human genome may be influenced by

positive selection (Williamson et al., 2007), a few examples being lactase persistence

(Holden & Mace, 2009; Bersaglieri et al., 2004), handedness (Laland, Kumm, Van Horn,

& Feldman, 1995) and the evolution of language-facilitating genes like FOXP2 (Coop,

Bullaughey, Luca, & Przeworski, 2008). However, it is difficult to thoroughly examine

many of these cases; the phenotype and cultural conditions favoring a given phenotype

are no longer available for examination, as these changes have taken place at various

points in the course of human evolution.

In this article, we revisit a unique case of gene-culture co-evolution for which we

have recent to present-day genetic and cultural evidence, namely, the co-evolution

of sign language and hereditary deafness. Some sign languages in use today have

persisted for over 200 years (e.g. ASL: Woll, Sutton-Spence, & Elton, 2001), while

others are very young, such as Nicaraguan Sign Language which is not more than

40 years old (Senghas, 2005). Certain sign languages have been documented in

great detail by geneticists, anthropologists, sociologists, and linguists, providing ample

material to model the factors contributing to sign language persistence (for examples,

see sociolinguistic sketches in Zeshan & de Vos, 2012; for further discussion see Mudd,

de Vos, & de Boer, 2020a). In addition, models of gene-culture co-evolution have

typically been undertaken without knowledge of the underlying genes involved (Laland,

Odling-Smee, & Myles, 2010). But, the genes involved in hereditary deafness are fairly

well understood (Petit, 1996); hence it is possible to precisely model the genetic and

cultural factors involved in hereditary deafness and sign language use.

Aoki and Feldman (1991, 1994) and Feldman and Aoki (1992) investigated this

unique case, where sign language persistence (i.e. protection from loss) is said to

depend on genetic factors and cultural factors, such as marriage and sign language

transmission. In the present research, we re-evaluate these models to further investigate

what conditions favor the persistence of shared sign languages (i.e. sign languages that

have emerged in enclaves with a high incidence of hereditary deafness and are typically
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shared by both deaf and hearing members of a community, Nyst, 2012). In order to

re-evaluate their work, we conducted a parameter exploration using an agent-based

model. With an increasing amount of sign language documentation, it is possible to

make more accurate and data-driven models of sign language persistence. Here, we

present a first step taken to make such a model. We focus our study mainly on the

effect of the various modes of cultural transmission of sign language, but also on the

role of hearing individuals and marriage patterns on sign language persistence.

2.1.1 Modes of cultural transmission

Cavalli-Sforza and Feldman (1981) introduce and outline various modes of cultural

transmission: vertical transmission is from parents to offspring, oblique transmission

is from an individual of the parental generation (but not the parents) to the offspring,

and horizontal transmission is between individuals of the same generation. These

modes of cultural transmission have been at the heart of cultural evolution research.

The general finding is that different modes of cultural transmission have different effects

on a given cultural entity; for example, Acerbi and Parisi (2006) consider the effect

of horizontal and oblique cultural transmission on the cultural emergence of effective

behaviors. They posit that horizontal transmission introduces random noise (and thus,

adds more variability) in the process of cultural transmission, whereas inter-generational

transmission (here, vertical and oblique transmission) is more faithful. Gong, Minett, and

Wang (2010) and Gong and Shuai (2016) confirm this general finding in a study of the

convergence of linguistic knowledge, finding that vertical, oblique, and grandparental

transmission help to preserve the original language while horizontal transmission

introduces changes to it.

The study of language evolution has focused specifically on the contributions of

the different modes of cultural transmission on linguistic structure, using a prominent

methodology in the study of language evolution called the iterated learning model. In

this paradigm, individuals acquire a behavior from another individual who has acquired

that behavior in the same way. As learners do not have access to the entire linguistic

repertoire of their tutor, they are forced to generalize (Kirby & Hurford, 2002). Using

the iterated learning model, the emergence of compositionality can be explained
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by cultural transmission alone, and does not require a biological explanation (Kirby,

2001). This paradigm initially implemented vertical transmission between single-agent

generations (e.g. Kirby & Hurford, 2002), and was expanded upon to consider larger

generations (e.g. K. Smith & Hurford, 2003), horizontal transmission (e.g. Kirby, 2000)

and both vertical and horizontal transmission (Theisen-White, Kirby, & Oberlander,

2011). Though these experiments were initially conducted using mathematical and

computational modeling, more recently these models have been tested experimentally

in the lab with participants learning and producing nonce words (Kirby et al., 2008)

and using the silent-gesture paradigm (i.e. improvised sign language, Motamedi,

Schouwstra, Smith, Culbertson, & Kirby, 2019). The main conclusions from this line

of research are that horizontal transmission makes language efficient, while inter-

generational (vertical and oblique) transmission makes language systematic. Emerging

sign languages provide naturalistic evidence of the role of these transmission types: for

example, horizontal transmission in one single generation can lead to sign language

emergence (Senghas et al., 2004) and subsequent learners exhibit various degrees of

linguistic cohesiveness depending on which types of transmission (vertical, horizontal

or both) they are exposed to (Gagne, 2017).

Models, laboratory experiments, and naturalistic data have begun to clarify the

role of the different modes of cultural transmission on linguistic features. However,

still unclear, is the role of these various transmission modes on language persistence.

In this paper, we focus on the role of vertical, horizontal, oblique, and grandparental

transmission on sign language persistence. Depending on the society, different cultural

elements may be acquired by varying proportions of the outlined modes of cultural

transmission (for an example, see Hewlett & Cavalli-Sforza, 1986). A better under-

standing of the role of different modes of cultural transmission on the persistence of

a cultural trait has implications for the study of language vitality and endangerment,

cultural evolution and (sign language) linguistics.

2.1.2 Models of sign language persistence

A number of models have addressed sign language persistence (Aoki & Feldman,

1991, 1994; Feldman & Aoki, 1992; Arnos et al., 2008; Nance et al., 2000; Nance &
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Kearsey, 2004). The focus of these models has largely been on assortative mating

based on deaf/hearing status (i.e. to what extent deaf individuals have a tendency

to have offspring with deaf individuals, and to what extent hearing individuals have a

tendency to have offspring with hearing individuals). I will briefly outline some of the

components and contributions from two key models.

Aoki and Feldman (1991) consider how genetic and cultural sign language trans-

mission affect the persistence of a sign language. Their model assumes that deaf

individuals are more likely to acquire a sign language than hearing individuals, and

that (unlike hereditary deafness) sign language cannot skip a generation and reappear

by vertical transmission alone. The main findings are the following: sign language

persistence is more easily achieved with (a) a high proportion of hearing individuals

acquiring the sign language, (b) a high proportion of recessive alleles for deafness in

the population, and (c) a high value of assortative mating for deaf/hearing status. To

clarify, a high value of assortative mating for deaf/hearing status results in predominantly

deaf-deaf mating and hearing-hearing mating (in other words, like has offspring with

like). A low value of assortative mating means indifference towards the deaf/hearing

status of one’s partner. Additionally, Aoki and Feldman (1991) test the effect of other

factors on sign language persistence, such as the role of oblique and horizontal cultural

transmission of the sign language, and conclude that their effects are negligible on sign

language persistence.

Aoki and Feldman (1991) focus one one specific case, with vertical transmission

alone from deaf parents to deaf offspring, in a population with a single monogenic form

of recessive deafness. In this case, the condition for signers to persist in a population is

2lc[(1−m)q +m] > 1 (2.1)

where lc is the probability of a deaf child acquiring a sign language with only one signing

parent2, m is the proportion of assortative mating for deaf/hearing status, and q is the

frequency of recessive alleles causing deafness. According to this model, the inequality

cannot be satisfied if m is small (Aoki & Feldman, 1991). In other words, if mating is
2In the model of Aoki and Feldman (1991), c refers to the probability of deaf children who acquire sign

language when both parents are signers. When only one parent is a signer, this probability is multiplied by l.

Though originally these were two different values, we consider lc as one simple value, namely 1, as in the

cases discussed here all deaf children acquire the sign language from parents if possible.
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random with regards to deaf/hearing status, the model does not predict sign language

persistence.

To expand on their previous model, Feldman and Aoki (1992) describe a method

to account for the cultural transmission of a sign language from grandparents to grand-

children. Their method consists of two overlapping mother-father-child triplets, allowing

sign language transmission between the maternal grandmother and grandchild. For

this model, the following assumptions are (a) a high rate of assortative mating, (b) the

absence of horizontal or oblique transmission, and (c) sign language transmission only

between deaf individuals. Given this set of assumptions, Feldman and Aoki (1992) find

that grandmaternal transmission bolsters sign language persistence in cases where

vertical transmission alone was insufficient.

It is important to note that these models were developed with Western populations

in mind, evidenced by cited literature and modeling decisions. To begin, Aoki and

Feldman (1991) cite the high proportion of deaf-deaf marriages in the US and in England

(J. G. Kyle & Woll, 1988) and the incidence of deafness in the British Isles, representing

0.1% of the population (Fraser, 1970). Next, horizontal and oblique transmission

are modeled as transmission between random individuals in an individual’s same

generation and parental generation, respectively, as opposed to modeling transmission

within the family (i.e. horizontal transmission between siblings, and oblique transmission

between an individual and their aunts/uncles) (Feldman & Aoki, 1992). Horizontal and

oblique transmissions are modeled this way presumably to represent sign language

transmission occurring in deaf schools.

In sum, Aoki and Feldman (1991) develop a mathematical model of sign language

persistence suited for Western populations. No values from existing sign language

communities are applied to the model by Aoki and Feldman (1991). With increased

documentation of sign language communities over the past decades, we can now

reconsider this model with inputs from real sign language communities.

Gialluisi et al. (2013) apply values from the Al-Sayyid Bedouin sign language

(ABSL) community to Equation 2.1 from Aoki and Feldman (1991). ABSL emerged

over 80 years ago in a Bedouin community in the Negev region of Israel. In this

community of approximately 3500 individuals, 2% are congenitally deaf. As deafness

in this community is a hereditary trait, deaf individuals are typically born to an extended
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family with deaf members and signers. Additionally, hearing individuals are prominent

members of the signing community. Deaf individuals are not stigmatized and they

always marry a hearing individual (Senghas, 2005; Kisch, 2012).

Taking into account the characteristics of the community in which ABSL emerged,

Gialluisi et al. (2013) set the inputs to the model Equation 2.1 of Aoki and Feldman

(1991). For vertical sign language transmission from parents to deaf offspring, as all

deaf individuals learn to sign in the community, lc is set to 1. As a conservative estimate

of the frequency of the recessive deafness allele, q is set to 0.18. Lastly, because in this

community it is the norm for deaf individuals to marry a hearing individual (Kisch, 2012),

m is set to 0. When these figures are applied to the mathematical model, the sign

language is incorrectly predicted not to persist. Hence, other factors besides assortative

mating and vertical sign language transmission to deaf individuals must be taken into

account in order to explain sign language persistence in this community.

Gialluisi et al. (2013) highlight that previous models of sign language persistence

have emphasized the role of assortative mating for deafness, and neglected the role

of other features present in non-Western signing communities (e.g. endogamy, con-

sanguineous marriages and the cultural integration of deaf individuals). Thus, these

models neglect a group of signing communities typically called shared sign languages

(Nyst, 2012)3. These sign languages typically emerge in insular communities with a

high incidence of hereditary deafness (Nyst, 2012; Meir et al., 2010). In some of these

communities, marriages between deaf individuals are uncommon or not allowed, as

in the Adamorobe Sign Language community (Kusters, 2012) and in the ABSL com-

munity (Kisch, 2012). It is unlikely that marriage patterns are the key to sign language

persistence in these communities (Gialluisi et al., 2013), as is emphasized in previous

models.

A high proportion of hearing signers typically take part in the signing community

in shared sign languages (Nyst, 2012), and this may be one of the missing links in

explaining the persistence of these languages. Because Gialluisi et al. (2013) do

not have data about the likelihood of hearing individuals acquiring ABSL, they do not

3It should be noted that the dichotomy between shared sign languages and other sign languages has

been called into question, as the features of these communities are continuous (and not binary), making this

distinction somewhat arbitrary (Nyst, 2012)
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consider the role of hearing signers in the persistence of ABSL. In addition, the model

they used only considered vertical transmission. In these communities, it is unrealistic

that vertical transmission alone allows for sign language persistence—more modes of

cultural transmission should be considered. There is undoubtedly a plethora of other

relevant aspects of these communities that should be taken into account to explain

sign language persistence in shared signing communities, as highlighted by Gialluisi

et al. (2013). For example, Lutzenberger (2021) outlines the recent developments in

the Kata Kolok community likely affecting the persistence of the sign language, such

as the negative influences of the media and the decreasing number of deaf children

being born, and the positive influences of education and sign language documentation.

Though we acknowledge these factors are undoubtedly important, for the sake of

having a simple, interpretable model (see Smaldino, 2017), we focus on modeling

different modes of sign language transmission, additionally considering the role of

hearing signers and assortative marriage for deaf/hearing status. In this exploration, we

take into account features of shared signing communities and apply typical values from

them to the agent-based model created. The focus of previous models of sign language

persistence has been on the role of assortative mating for deaf/hearing status. What is

yet unexplored is the role of various structured transmission types on sign language

persistence—vertical, horizontal, oblique, and grandparental transmission. Additionally,

in the case of shared sign languages, the role of hearing individuals as participants in

the linguistic community cannot be ignored in models of sign language persistence. In

shared sign language communities, deaf individuals always acquire the sign language

if possible, and many hearing individuals do as well. Here, we consider the effect of

hearing individuals as participants in the signing community. In previous models of sign

language persistence, their role was not sufficiently considered.

Though Aoki and Feldman (1991) and Feldman and Aoki (1992) do explore

the role of various transmission types, they make several limiting assumptions. First,

they assume that only a small proportion of hearing individuals will acquire the sign

language. Second, likely due to the limitations of mathematical modeling, grandparental

transmission considers only the maternal grandmother. And third, horizontal and oblique

transmission are not structured; in other words, they occur between random individuals.

What is more realistic in shared signing communities is that language transmission
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occurs in a structured manner within the family. Hence, here we model horizontal

transmission as occurring between siblings and oblique transmission as occurring

between an individual and their aunts and uncles.

The present paper makes the following contributions, largely afforded by reim-

plementing the mathematical model of Aoki and Feldman (1991) as an agent-based

model:

A Realistic values from shared sign languages are used as input parameters, such

as the population size and prevalence of deaf alleles

B Horizontal and oblique transmission are modeled as structured (as opposed to

random transmission)

C Grandparental language transmission is from all grandparents

The paper is structured as follows; the next section provides details of the agent-

based model. Subsequently, we present results from two experiments with realistic

values of features from shared signing communities. In experiment 1, with vertical trans-

mission alone, we explore the effect of marriage patterns on sign language persistence.

In experiment 2, we consider the role of various methods of cultural transmission within

the family— vertical, horizontal, oblique and grandparental transmission— on sign

language persistence, as well as the role of hearing signers. For experiment 2 we focus

on the case highlighted by Gialluisi et al. (2013) for ABSL, namely where marriages

between deaf individuals do not occur. After experiment results and discussion, we

proceed with a general discussion.

2.2 Model

This agent-based model can be used to investigate how sign language persistence is

affected by various factors, including (but not limited to) marriage patterns, population

size, proportion of deafness, and modes of sign language transmission. In the current

investigation, we focus on various modes of sign language transmission, and also on

the effect of marriage patterns and hearing signers on sign language persistence. One

version of this model is originally described in Mudd, de Vos, and de Boer (2020a),
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where the focus was on moving towards a realistic model of shared signing communities;

to do so, the entire family unit was considered for language transmission, and the effect

of various other factors (such as population size) on sign language persistence were

considered. In contrast, the focus of the current modeling effort is to explicitly test

certain modeling decisions made in the models by Aoki and Feldman (1991) and

Feldman and Aoki (1992), such as the proportion of hearing signers who acquire the

sign language. The description of the model given here is based on the one given in

Mudd, de Vos, and de Boer (2020a).

The model description follows the ODD (Overview, Design concepts, Details)

protocol for describing agent-based simulations (Grimm et al., 2006, 2010). The model

code is available at https://doi.org/10.6084/m9.figshare.11522589.v5

Figure 2.1: Visualization of the agent-based model of sign language persistence. To

create the initial population, the input parameters needed are: the size of a generation

(n), the proportion of deaf agents (d) and the number of hearing agents carrying a

deaf allele (c). Next, continuing for g iterations, agents age (and are removed from

the population after three years), agents marry based on the assortative marriage

parameter (m), a new generation is created from the offspring of couples, and language

acquisition occurs based on the mode of language transmission (la) and the proportion

of hearing signers who acquire the sign language if possible (h).

https://doi.org/10.6084/m9.figshare.11522589.v5
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2.2.1 Purpose

The purpose of this model is to explore the factors allowing for shared sign languages

to persist. As shown in Figure 2.1, the agent-based model takes the following values

as input parameters: the number of deaf agents (d), the number of hearing agents

carrying a deaf allele (c), the size of a generation (n), an assortative marriage value

(m)4, the mode of language transmission (la) and the proportion of hearing signers

who acquire the sign language if possible (h) (implemented in the language acquisition

part of the model). Deaf alleles (d and c) determine the persistence and transmission

of deafness while sign language transmission is determined by the method of sign

language transmission used (la) and the number of hearing signers who acquire the

sign language if possible (h). The assortative marriage parameter (m) presents a link,

affecting both sign language transmission and the transmission of recessive alleles for

deafness.

2.2.2 Entities, state variables, and scales

The only entity in the model is the agent. Agents consist of the following: identity number,

age, sex, genes, parents, partner and sign ability. Agents live for three generations (0,

1, 2), and at age 1 most agents get married and reproduce. At any age, agents can

transmit or acquire the sign language

4Aoki and Feldman (1991) use assortative mating, while in the present work we use assortative marriage.

There is a slight conceptual difference between the two: in assortative marriage the probability of phenotype

pairing is considered, while in assortative mating the genotype of the offspring is considered. In this work,

there is not a difference between assortative mating and assortative marriage in the number and type of

offspring, nor in marriage patterns. However, in some cases there could be differences, thus we wish to draw

a distinction.
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2.2.3 Process overview and scheduling

The set-up of the model is outlined in initialization below. After the initialization phase,

each time step consists of the processes outlined in Table 2.1. For details of these

processes, see “Submodel” section. A schematic overview of the order of processes

and parameter input is provided in Figure 2.1. The number of agents in one generation

is referred to as n. The full population ntotal is comprised of three generations (aged 0,

1, 2) alive at once.

Initialization

The model takes the following input parameters: the number of deaf agents (d), the

number of hearing agents carrying a deaf allele (c), the size of one generation (n),

the value for assortative marriage (m), the mode of language transmission (la), the

proportion of hearing signers who acquire the sign language if possible (h) and how

many generations the model runs for (g). The initial number of agents in the model is one

generation (n), equaling a third of the total population size of a sign language community,

calculated by ntotal/3. The gene distribution for these agents is set according to d and

c (see Section 2.2.3). In the first generation, all deaf agents are signers.

Submodel gene inheritance

When an agent is born, it inherits one allele from each of its parents. From each

parent, the agent inherits either an allele causing deafness (a recessive allele: d) or an

allele that does not cause deafness (a dominant allele: D). As the model pertains to

recessive hereditary deafness, only agents who acquire two alleles causing deafness,

homozygous recessive (dd), have a deaf phenotype. Agents who acquire only one

allele causing deafness, heterozygous (dD) or (Dd), are carriers of the allele causing

deafness, and, along with agents acquiring no alleles causing deafness, homozygous

dominant (DD), have a hearing phenotype.

For the initialization of genes in the first generation, input parameters needed

are the size of a generation (n), the number of deaf agents (d), and the proportion

of hearing agents carrying a deaf allele (c). The number of deaf agents in the initial

generation is calculated by n · d, and the number of hearing carriers of the deaf allele is
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Table 2.1: Processes, scheduling, pseudo-code and parameters

Process Pseudo-code Parameters

create initial generation create n agents

initialize according to gene inheritence

if agent is deaf

it acquires the sign language

n, d, c

ageing for each agent

increase age by 1

if age is 3

remove agent from population

marriage select agents with age 1

perform assortative marriage with value m

m

create new generation repeat n times

randomly choose couple

create agent with selected couple as parents

n

gene inheritence for each new agent

randomly acquire one allele from each parent

if the agent acquires two deaf alleles

it is deaf

else

it is hearing

language acquisition for each agent

given la, perform language acquisition

if deaf

acquire the sign language

if hearing

acquire the sign language with probability h

la, h
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calculated by n · c. The remaining agents in the population are hearing agents carrying

no deaf alleles.

Submodel language acquisition

Acquiring sign language is modeled as a binary variable; thus, agents either acquire

the sign language or they do not acquire the sign language. Agents cannot unlearn

the sign language once it is acquired. Depending on the language acquisition method

specified (la), an agent has the opportunity to acquire the sign language from their

parents via vertical transmission (V), their siblings via horizontal transmission (H), their

aunts and uncles via oblique transmission (O) and their grandparents via grandparental

transmission (G). Language acquisition is modeled as combinations of these transmis-

sion types; the possible model inputs for language acquisition are the following: vertical

transmission alone (V), vertical and horizontal transmission (VH), vertical and oblique

transmission (VO), vertical and grandparental transmission (VG), vertical, horizontal,

and oblique transmission (VHO), vertical, horizontal, and grandparental transmission

(VHG), vertical, oblique, and grandparental transmission (VOG), or vertical, horizontal,

oblique and grandparental transmission (VHOG).

In language acquisition, deaf agents always acquire the sign language if possible

(i.e. if an agent knows the sign language given the transmission method specified).

Meanwhile, if possible, hearing agents acquire the sign language with probability h.

Submodel assortative marriage

All agents who are age 1 are eligible to get married. The assortative marriage value (m)

specifies the proportion of agents seeking a partner with the same phenotype. Hence,

we calculate the number of deaf agents in a deaf-deaf marriage and hearing agents

in a hearing-hearing marriage. The number of deaf agents that marry a deaf agent is

calculated by the number of deaf agents in a generation nd = n · d, multiplied by the

assortative marriage value (m), yielding nd ·m. The number of hearing agents that

marry a hearing agent is calculated by finding the number of eligible hearing agents

in a generation, nh = n − nd, and multiplied by the assortative marriage value (m),

yielding nh ·m. The remaining agents in a given generation, n − (nd ·m + nh ·m), are
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randomly married with respect to deafness. In addition to the possibility of specifying

the proportion of m, it is also possible for m to be set to no_dd, where marriages

between deaf agents are prohibited. For all possible settings of m (values 0 to 1 and

no_dd), marriages between siblings are prohibited. It is possible that due to constraints

(no sibling marriages, female-male marriages and the marriage type specified) some

agents are left unmarried.

2.3 Results and discussion

All results of model simulations presented here are of 100 model runs. The model output

consists of agent characteristics recorded at each time step. In the current analysis,

we focus on the proportion of signers in the population. In the figures presented in the

following sections, the dark line represents the median and the shaded area represents

the first and third quartiles, calculated at each time step. If the error region (i.e. the

shaded area representing the first and third quartiles) of one experiment overlaps with

the median (represented by the dark line) of another experiment, then there is no

significant difference in result between the two.

In the following experiments, the size of one generation (n) is 1000, totaling 3000

for the entire population at once5. In the first time step of the model there are 1000

agents (i.e. generation one), in the second time step of the model there are 2000

agents (i.e. generation one and two) and in the third time step of the model there

are 3000 agents (generation one, two and three). From the third generation onward

the population size is 3000. Agents live for three generations. In line with previous

models of sign language persistence (Aoki & Feldman, 1991; Feldman & Aoki, 1992),

we assume an equilibrium distribution with respect to allele frequencies based on the

Hardy-Weinberg principle in the initial generation. The proportion of deaf individuals in

the first generation (d) is 0.026. To achieve an equilibrium distribution, the proportion of

5A population size of near 3000 has been attested for the shared sign languages Kata Kolok (Lutzenberger,

2021) and ABSL (Meir et al., 2012)
6The proportion of deaf individuals in the population is based on the figures reported for the Kata Kolok

community (Winata et al., 1995). From this value, the Hardy-Weinberg equilibrium (for an explanation,

see O’Rourke, 2018) was used to calculate the proportion of hearing carriers of the deaf allele in the first

generation.
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hearing carriers of the deaf allele in the initial generation (c) is 0.24. The model is run

for 50 generations (g).

In experiment 1, assortative marriage (m) is varied and sign language transmis-

sion (la) consists of vertical transmission alone. In experiment 2, assortative marriages

do not occur, and instead, marriages between deaf individuals are prohibited. Ex-

periment 2 focuses on the different modes of sign language transmission (vertical,

horizontal, oblique and grandparental transmission) and the role of hearing signers on

sign language persistence.

2.3.1 Experiment 1: Assortative marriage

In experiment 1, we investigate the role of assortative marriage on sign language per-

sistence with vertical transmission alone. Aoki and Feldman (1991) find that assortative

mating is important for sign language persistence. The assortative marriage parameter

used here specifies the proportion of marriages that occur between deaf agents and

between hearing agents. For example, if the assortative marriage parameter is set to

0.4, then 40% of deaf agents marry a deaf agent and 40% of hearing agents marry a

hearing agent. The remaining 60% of agents are married randomly, with no preference

regarding the deaf/hearing status of their partners.

Here, we conduct an exploration of the effect of this parameter on sign language

persistence with the following values for m: 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,

1.0. When the value for assortative marriage is 0.0, all agents are randomly married with

respect to the deaf/hearing status of others. Thus, there is a chance that a deaf agent

marries another deaf agent. This chance is slim, as the proportion of deaf agents in the

population is small given the current parameter settings. There are documented sign

languages where marriages between deaf individuals do not occur (e.g. in the ABSL

community, Kisch (2012) and in the Adamorobe Sign Language community, Kusters,

2012). To ensure that no marriages occur between deaf individuals, we implement a

marriage parameter which ensures that all deaf agents marry a hearing agent (no_dd).

In this set of experiments, the parameter settings are the following: vertical

transmission of the sign language occurs from deaf signing parents to deaf children, the

proportion of hearing agents acquiring the sign language (h) is 0, the total population
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size is 3000 (one generation, n, is 1000), the proportion of deaf individuals in generation

1 (d) is 0.02, the proportion of hearing carriers of the deaf allele (c) is 0.24 and the

number of generations in the simulation (g) is 50. The parameter under investigation,

assortative marriage (m), is varied in a set of experiments. Two hypothetical runs of the

model, one with m = 0.8 and one with m = no_dd, are presented in Figure 2.2.

Figure 2.2: Two hypothetical model runs showing a few agents per generation in

experiment 1 (vertical transmission only and no hearing signers) with assortative

marriage (m) set to 0.8 (m = 0.8) and when deaf-deaf marriages are prohibited (m =

no_dd). Deaf agents are in black and hearing agents are in white. The genetic makeup

of these agents (homozygous recessive, heterozygous, homozygous dominant) is not

shown here. Agents who have acquired the sign language are outlined in red. The

graphic illustrates why it is more likely that sign language persists when the value of

assortative marriage is higher (here, m = 0.8) compared to when deaf-deaf marriages

do not occur (m = no_dd).
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Figure 2.3: Experiment 1 considers the effect of the assortative marriage parameter

(m) on sign language persistence, with vertical transmission alone and with no hearing

agents acquiring the sign language. a shows the proportion of signers over 50 gener-

ations with varying values of assortative marriage (m). The dark line represents the

median at each time step and the shaded area represents the first and third quartiles.

b shows the proportion of signers at generation 50 with varying assortative marriage

values (m). The dots represent the median at generation 50 and the line represents the

first and third quartiles. Note that the colored dots at generation 50 correspond to the

colored dots in b.

We find that the sign language persists in these experiments when the assortative

marriage value is set between 0.6 and 0.97, shown in Figure 2.3. To understand this

result, it is necessary to consider the connection between genes causing deafness,

the cultural transmission of the sign language and marriage norms. As discussed in

Mudd, de Vos, and de Boer (2020a), deaf-deaf marriages always yield deaf offspring.

7In the model code which generated the results presented in this chapter, the agent list was not shuffled

prior to the marriage step. To ensure that this has no effect on the proportion of signers in the population over

time and the persistence of the sign language, I checked if shuffling the agent list prior to marriage affected

the results. I found that the proportion of signers in the population over time was not affected by adding a

shuffle prior to the marriage step. This is unsurprising given that the agent list is shuffled after the initial

generation is assigned genes. Briefly, I demonstrate this in Appendix A.
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In this model, we only consider hereditary deafness (as opposed to deafness due to

other causes), a simplification made for modeling purposes. Though non-congenital

deafness may also be present in shared signing communities, it is the unusually high

incidence of hereditary deafness which characterizes these communities (Nyst, 2012).

Because deaf-deaf marriages always yield deaf offspring in the model, high values of

assortative marriage ensure sign language persistence. On the contrary, when the

assortative marriage parameter is low (under 0.6), less marriages between deaf agents

occur (as compared to those when m is above 0.5), thus less deaf agents are less likely

to be born, and thus the sign language is less likely to be transmitted.

This result will be explained using two hypothetical model runs illustrated in

Figure 2.2, with m = 0.8 (left) and m = no_dd (right). The first generation (g = 0) of

each hypothetical run starts with the same configuration: two couples, each with one

deaf, signing male (the deaf agents in the first generation are always signers). In the

second generation (g = 1), when m = 0.8, the deaf agents marry and have two deaf

offspring. The signing father transmits the sign language to the two daughters. When

m = no_dd, a deaf agent marries a hearing agent. They have a deaf daughter and a

hearing daughter (due to randomly choosing a gene from each parent to determine the

offspring’s genetic composition). Because neither parent is a signer, the deaf daughter

does not acquire the sign language. In the last generation (g = 49), deaf agents are

more likely to be signers when m = 0.8, compared to when m = no_dd.

This example highlights the effect of marriage patterns on sign language persis-

tence. We see a clear interaction between genes and culture: marriage norms shape

partner choice, which in turn affects the likelihood of having a deaf offspring, which in

turn affects sign language transmission (because here, sign language transmission

only occurs from deaf parents to deaf offspring). This example also shows how it would

be easier for the sign language to persist with more transmission types and hearing

signers. Given different parameter settings with regards to these two factors, when m =

no_dd, the deaf female in the third generation (g = 2) would have been able to acquire

the sign language via grandparental transmission (from the deaf grandfather to his deaf

granddaughter) or from a hearing signer (e.g. if her hearing father had acquired the

sign language from his deaf, signing father).

However, this does not explain why the sign language does not persist when m is
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set to 1. In this case, all deaf agents are married to another deaf agent, and all hearing

agents are married to another hearing agent. As discussed in more detail in Mudd, de

Vos, and de Boer (2020a), when assortative marriage is complete, the sign language

does not persist. This counterintuitive result can be explained by certain constraints

imposed in the agent-based model, namely that only female-male marriages occur

and siblings cannot marry. Because the number of deaf agents in the population is

small, as specified by the parameter settings used in these simulations (in the initial

generation, 2% of the population is deaf), it sometimes happens that a deaf agent does

not marry because of the marriage constraints. Hence, these constraints impose a

fitness disadvantage for deaf agents, which occur only when the proportion of deaf

agents in the population is small. Though these marriage constraints were not present in

the mathematical model, we find that they present a slightly more realistic representation

of shared signing communities, demonstrating under what circumstances hereditary

deafness can be transmitted.

2.3.2 Experiment 2: Structured sign language transmission meth-
ods

In line with Gialluisi et al. (2013), we continue to investigate the observed case where

no deaf-deaf marriages occur (m = no_dd). This marriage pattern has been reported

for the Adamorobe Sign Language community and the ABSL community. As shown by

Gialluisi et al. (2013) and in experiment 1, current models of sign language persistence

with vertical transmission alone have not been able to explain how these sign languages

persist. However, when the values from ABSL were applied to the model of Aoki and

Feldman (1991), they were applied without considering methods of sign language

transmission other than vertical and also without considering hearing individuals who

may take part in a signing community. In experiment 2, we expand on previous research

in that we consider both of these factors.

In addition, previous models of sign language transmission modeled random hori-

zontal and oblique transmission (Aoki & Feldman, 1991). Here, we consider structured

transmission within the family. Further, we consider all grandparental interactions as

opposed to just the maternal grandmother, as modeled by Feldman and Aoki (1992). In
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experiment 2, we investigate the role of different modes of cultural transmission on sign

language persistence. We investigate various possible combinations of vertical, horizon-

tal, oblique and grandparental transmission. In this experiment, vertical transmission

is always present as it needs to be there to ensure transmission from generation to

generation. For example, horizontal transmission alone would not allow the sign lan-

guage to persist over multiple generations. We investigate eight different cases: vertical

transmission alone (V), vertical and horizontal transmission (VH), vertical and oblique

transmission (VO), vertical and grandparental transmission (VG), vertical, horizontal

and oblique transmission (VHO), vertical, horizontal and grandparental transmission

(VHG), vertical, oblique and grandparental transmission (VOG), and vertical, horizontal,

oblique and grandparental (VHOG). In addition, we consider the role of hearing signers

on sign language persistence with the parameter h. If a hearing individual can acquire

the sign language via any of the modes of cultural transmission specified, they acquire

it with probability h. We consider the following values for h: 0.0, 0.1, 0.2, 0.3, 0.4,

0.5, 0.6, 0.7, 0.8, 0.9, 1.0. The value specified for h is applied to all modes of cultural

transmission in a given simulation. For instance, in the simulation VG with h set to

0.5, hearing agents who can acquire the sign language via vertical transmission will

acquire the sign language with 0.5 probability and hearing agents who can acquire

the sign language via grandparental transmission will acquire the sign language with

0.5 probability. We would like to emphasize that none of these transmission types are

realistic in isolation, but to understand the contribution of each, we isolate each (though,

keeping vertical transmission) (Figure 2.4).
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Figure 2.4: Experiment 2 studies the effect of different methods of cultural transmission

of the sign language (V, VH, VO, VG, VHO, VHG, VOG, and VHOG) and the probability

that a hearing agent acquires the sign language (h), when no deaf-deaf marriages

occur (m = no_dd). a shows the proportion of signers over 50 generations for different

probabilities that hearing agents will acquire the sign language if possible (h). The dark

line shows the median at each time step and the shaded area shows the first and third

quartiles. b shows the proportion of signers at generation 50 for different values of

h. The dots show the median at generation 50 and the line shows the first and third

quartiles. The colored dots at generation 50 in a correspond to the colored dots in b.
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Table 2.2: Summary of experiment 2 results

la h

vertical (V) >0.4

vertical, horizontal (VH) >0.3

vertical, oblique (VO) >0.1

vertical, grandparental (VG) >0.1

vertical, horizontal, oblique (VHO) >0.1

vertical, horizontal, grandparental (VHG) >0.1

vertical, oblique, grandparental (VOG) >0

vertical, horizontal, oblique, grandparental (VHOG) >0

We find that the more modes of cultural transmission present, the lower the

proportion of hearing signers is needed for the sign language to persist, as summarized

in Table 2.2. With vertical transmission alone (V), the probability of hearing signers

acquiring the sign language must be over 0.5. We can compare this result to vertical and

horizontal transmission (VH), vertical and oblique transmission (VO) and vertical and

grandparental transmission (VG). In comparing these separate transmission methods,

we see that grandparental transmission and oblique transmission drastically decrease

the proportion of hearing signers needed to acquire the sign language for sign language

persistence (h must be over 0.1). On the other hand, the effect of adding horizontal

transmission is not as extreme: the probability that hearing signers acquire the sign

language must be over 0.3.

Why is horizontal transmission less successful than oblique and grandparental

transmission? This is likely because agents can acquire the sign language from

more agents via oblique and grandparental transmission than horizontal transmission.

With grandparental transmission, agents can acquire from four grandparents: a set

of grandparents on the mother’s side and a set of grandparents on the father’s side.

With oblique transmission, the number of agents that an agent may acquire the sign

language from depends on the number of siblings their parents have. However, because

the siblings of both parents are considered, this number will on average be higher than

the number of siblings an agent has. Thus, the finding that grandparental and oblique
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transmission are more beneficial than horizontal transmission can simply be explained

by the number of communication partners an agent can have given the transmission

mode.

In addition, we find that without any hearing individuals partaking in the signing

community, the sign language is not predicted to persist. Even when all modes of

transmission are present (VHOG), some hearing individuals (over 0%) need to partake

in the signing community for the sign language to persist. In the context of shared

sign languages, hearing signers often make up a large percentage of the signing

community (Nyst, 2012). Hence, the persistence of shared sign languages where

deaf-deaf marriages do not occur can be explained by considering several modes of

sign language transmission (more than just vertical transmission) and hearing signers.

In shared signing communities, there is usually a high proportion of hearing signers and

sign language transmission occurs in the presence of adults and peers (Nyst, 2012).

For instance, over half of the hearing population in a rural village in the north of Bali,

Indonesia, knows the local sign language, Kata Kolok (Marsaja, 2008). Further, in a

shared signing community in Thailand, Ban Khor sign language is used by over 10% of

hearing individuals (Nonaka, 2007). Though there exists variation in the proportion of

hearing individuals partaking in the signing community, a number of hearing signers

has always been reported in shared signing communities. To conclude, considering

various modes of cultural transmission and hearing signers in models of sign language

persistence makes for a more realistic representation of how shared sign languages

persist. Future work could consider the effect of the high proportion of hearing signers

on the features of the sign language and the many other factors which need to be

considered in models of shared sign language persistence (Gialluisi et al., 2013; for the

case of Kata Kolok see Lutzenberger, 2021).

2.4 General discussion

The discussed mathematical models by Aoki and Feldman (1991) and Feldman and

Aoki (1992) consisted of the majority of factors that were considered in the current

investigation of sign language persistence. However, the aforementioned models did

not consider all of the relevant modes of cultural transmission and hearing signers at
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once. For example, Feldman and Aoki (1992) just considered vertical and grandparental

transmission without hearing signers. Here, we use an agent-based model in which

we implement various modes of cultural transmission, hearing signers and marriage

patterns. In experiment 1, we show that sign language persistence is affected by

marriage patterns, which we model by an assortative marriage parameter determining

the tendency for deaf agents to marry a deaf agent and hearing agents to marry a

hearing agent. With vertical transmission alone from deaf parents to deaf children, we

find that the sign language only persists when the assortative marriage parameter is

between 0.6 and 0.9. This experiment affirms the findings of from Aoki and Feldman

(1991) and also the case of ABSL applied to the model by Gialluisi et al. (2013).

In experiment 2, deaf-deaf marriages are prohibited, to model cases like the ABSL

and Adamorobe Sign Language communities. Previous models have shown that a

high degree of assortative mating is required for sign language persistence (e.g. Aoki

& Feldman, 1991), so what is necessary for sign languages to persist when deaf-

deaf marriages do not occur? The result of experiment 2 is twofold: we highlight

the importance of including more modes of cultural transmission and hearing signers

in models of sign language persistence. We show that by adding more modes of

cultural transmission of the sign language to the model, the amount of hearing signers

necessary for sign language persistence is lessened (but a small proportion of hearing

signers is still required).

This model is of course far from realistic in representing the full complexity of

shared signing communities. Realism is not the point of the present model, nor for

most models (Smaldino, 2017; Epstein, 2008). For a discussion of what could be (still)

lacking in explaining sign language persistence in shared signing communities, see

Gialluisi et al. (2013). What is particularly unrealistic about the agent-based model (and

the previously discussed mathematical models) relates to properties of the teacher

and learner. In these models, the deaf/hearing status of only the language learner is

considered. Hearing agents acquire the sign language with a certain probability, and (in

the agent-based model presented) deaf agents always acquire the sign language if they

can. However, the deaf/hearing status of the teacher is ignored. Consider an example

of vertical transmission with a deaf parent and a hearing child. In these models, only

the deaf/hearing status of the offspring is considered, so the hearing child will learn the
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sign language with a given probability regardless of having a deaf teacher (in this case,

their parent). What is much more realistic, is that the deaf status of the teacher and

learner are both taken into account. In real life, a hearing offspring is likely to acquire

the sign language if they have a deaf parent (Bishop & Hicks, 2009). In a subsequent

model Mudd, de Vos, and de Boer (2020a) we attempt to make the cultural transmission

process more accurate by considering the entire family as a linguistic unit which either

acquires or does not acquire the sign language, depending on whether there is a deaf

family member and a family member who knows the sign language. In addition, Mudd,

de Vos, and de Boer (2020a) consider how sign language persistence is affected by

other factors, such as population size and the proportion of hearing agents who are

carriers of the gene causing deafness.

The goal of the present research was to understand the role that the various

modes of cultural transmission play on sign language persistence. Like Aoki and Feld-

man (1991) we found that vertical transmission is important, as well as grandparental

transmission (also found by Feldman & Aoki, 1992). Additionally, unlike Aoki & Feldman,

1991, we find that horizontal and oblique transmission, when structured in the family,

do help sign language persistence. Shared sign languages present a unique example

of ongoing gene-culture co-evolution: sign language transmission and the genetic

transmission of alleles for deafness coevolve in marriage patterns. Echoing Laland et

al. (2010), models of gene-culture co-evolution provide an interdisciplinary approach to

the study of human evolution, by allowing for the integration of genetic and cultural data.

We have used this approach to model the co-evolution of sign language and deafness.

2.5 Conclusion

To conclude, previous models of sign language persistence have neglected key features

of shared sign languages, including various modes of sign language transmission and

the often high proportion of hearing signers. Here, we implement the mathematical

model of sign language persistence by Aoki and Feldman (1991) as an agent-based

model to test the role of assortative marriage, sign language transmission methods and

hearing signers. Specifically, we focus this study on different modes of sign language

transmission— vertical, horizontal, oblique and grandparental— which are implemented
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in a structured way within the family. We find that, in the absence of deaf-deaf marriages

(a marriage pattern reported for several shared signing communities), the threshold

for sign language persistence is lowered by a maximum number of sign language

transmission methods and a high proportion of hearing signers. These results highlight

the importance of having as many methods of cultural transmission as possible for the

persistence of a cultural entity (here, sign language). Additionally, the persistence of

shared sign languages provides an exceptionally well-documented modern case of

gene-culture co-evolution.

2.6 Appendix A. Checking a potential bias in the model

code

As mentioned in the chapter, the agent list was not shuffled (or, randomized) prior to the

marriage function in the model. After the initial population of agents is given their genes,

the agent list is shuffled. However, to ensure that there is no built-in bias for agents

marrying agents related to them or with similar genes, here I check and compare results

from this chapter and the next one with updated code where the agent list is shuffled

prior to the marriage function. If there is no difference between the original results and

the updated code results with the agent list shuffled, it can be confirmed that there is

no built-in bias from not shuffling the agent list directly prior to the marriage function.

First, I compared the results from Experiment 1 investigating the effect of assorta-

tive marriage on sign language persistence with an updated model version where the

agent list is shuffled prior to marriage. This comparison is shown in Figure 2.5. From

comparing the two plots, it is clear that shuffling the agent list prior to the marriage func-

tion does not have an effect on the proportion of signers in the population, confirming

that there is no bias in the original code.

Second, I provide the same comparison between the original model code (no

shuffling prior to marriage) and the updated model code (shuffling prior to marriage) for

an experiment in the next chapter. If the lack of shuffling did introduce a bias, it would

likely be a bias for agents to marry their relatives. I would expect the consanguineous

marriage result to be even stronger than reported in the chapter. However, in the code
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(a) Original code (without shuffling) (b) Updated code (with shuffling)

Figure 2.5: A comparison of the model code without shuffling the agent list prior to the

marriage function (left) and with shuffling the list prior to the marriage function (right). It

can be seen that shuffling the agent list prior to the marriage step does not have an

effect on the proportion of signers in the population.

for consanguineous marriages, the agents are shuffled in the original version.

Thus, I checked a different result from the upcoming chapter; I checked if shuffling

the agent list prior to the marriage function leads to a difference in results for a language

transmission type. Specifically, I check the case of immediate family transmission and

oblique transmission (IFT_OT), as adding oblique transmission leads to persistence in

some cases. When just immediate family transmission (IFT) occurs, the sign language

is not predicted to persist, but adding oblique transmission to immediate family trans-

mission (IFT_OT) increases the probability that the sign language persists, though it

does not persist in all cases. Therefore, I found this to be a good test case to see if

shuffling the agent list (or not) prior to the marriage function has an effect on the results.

In Figure 2.6 I show two comparisons: Figure 2.6A shows the original results

without shuffling prior to marriage (in purple) and the updated code results where the

code is shuffled prior to marriage (in yellow) with the ABSL parameter set. It is clear

that the results are similar, and hence there is no evidence that the lack of shuffling prior

to the marriage function changes the results. In addition, Figure 2.6B shows the same

comparison with the Kata Kolok parameter set. As for the ABSL parameter set, there is

no evidence that the lack of shuffling affects the persistence of the sign language, as the
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(a) ABSL parameters (b) KK parameters

Figure 2.6: A comparison of the model code without shuffling the agent list prior to the

marriage function (in purple) and with shuffling the list prior to the marriage function

(in yellow) for the ABSL parameters (left) and the KK parameters (right). There is no

observed difference in shuffling the code prior to the marriage function.

results without shuffling (original) and with shuffling (updated version) are comparable.

All in all, these two examples, one from the current chapter and a second from

the next chapter, demonstrate that there is no bias from not having shuffled the agent

list prior to the marriage function.



Chapter 3

A data driven model of sign

language persistence

Preface

In this chapter, I expand on Chapter 2 in order to make the agent-based model of

shared sign language persistence more true to shared signing communities by refining

certain processes.

The original contributions of this chapter are the following: I use values from

shared signing communities as model inputs (Section 3.3), I update the language

transmission process to reflect language transmission within the entire family (Section

3.4) and I consider the effect of consanguineous (cousin-cousin) marriages on shared

sign language persistence (Section 3.5).

Part of this chapter was published in Language Dynamics and Change in part two

of a special issue on "Language evolution research in the year 2020" edited by Jonas

Nölle, Stefan Hartmann and Peeter Tinits.

Mudd, K., de Vos, C. & de Boer, B. (2020). An agent-based model of sign

language persistence informed by real-world data. Language Dynamics and

Change. 10, 158-187. https://doi.org/10.1163/22105832-bja10010
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The original publication focused on incorporating data from communities, such

as population size and genetic data, into the model as input parameters. In addition, it

focused on language transmission considering the family as a unit. From the original

publication, in this thesis chapter, I have implemented consanguineous marriages in

the marriage process of the model and analyzed its effect on shared sign language

persistence. This research was supervised by Connie de Vos and Bart de Boer, who

also assisted in the planning stages of the model1. The model and analysis files are

available at: https://doi.org/10.6084/m9.figshare.17198432.v1

Abstract

Models of sign language persistence are still far from accurate in representing real-

world signing communities. Current models do not account for the persistence of some

shared sign languages, such as Al-Sayyid Bedouin Sign Language (ABSL). Building on

the previous chapter in an effort to model shared signing communities, I incorporate

more realistic features which have been proposed to facilitate shared sign language

persistence: more realistic sign language acquisition and consanguineous marriage

patterns. I focus on two shared sign languages, ABSL and Kata Kolok, and explore how

features of these communities affect the proportion of signers in the population using

an agent-based model. I find that sign language persistence is strongly bolstered by

grandparental transmission and consanguineous marriages when deaf-deaf marriages

do not occur, as is the case in the ABSL community. This example highlights the

interplay between cultural and genetic factors in sign language persistence.

3.1 Introduction

It has been a challenge to test theories of language emergence and evolution. Starting

in the late 1980s, computer modeling and mathematical modeling have been used

to test proposed theories (A. Smith, 2014). In turn, experimental and observational

1Conceptualization by KM and BdB; software by KM; visualization by KM; writing—original draft preparation

by KM; writing—review and editing by KM, BdB and CdV.

https://doi.org/10.6084/m9.figshare.17198432.v1
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data have been used to verify the findings generated from these models. For instance,

seminal modeling work by Kirby (2001) demonstrated that in the absence of biological

evolution, the cultural transmission of language is sufficient to explain the emergence

of compositionality. Experimental work by Kirby et al. (2008) confirmed the results of

the model. Despite researchers often providing experimental or naturalistic evidence to

support model results, it has always been a challenge to incorporate real-world data into

model development. Moving towards modeling techniques that allow us to incorporate

levels of complexity needed to explain language evolution requires empirical data from

a range of disciplines (Vogt & de Boer, 2010). Here, I present an agent-based model of

sign language persistence, i.e. whether a sign language continues to exist, informed by

real-world data from emerging sign languages.

The field of evolutionary linguistics has been increasingly interested in emerging

sign languages (e.g. Senghas et al., 2004). Emerging sign languages are the only

example of languages which emerge in a communicative group without full access to

language that can be observed today. These languages have been used as a proxy

for the origin of language because the first generation has little access to linguistic

input at birth and the linguistic features found are largely independent of surrounding

spoken languages (Meir et al., 2010). Thus, emerging sign languages can help reveal

the linguistic features present in the earliest stages of cultural language evolution. It

remains an open question what specific genetic and cultural conditions allow for these

languages to emerge and persist. The present study uses a computer simulation based

on very detailed data from documented signing communities to study exactly what

combination of factors contribute to sign language persistence.

The contributions of the present work to the study of language evolution include

the following: first, emerging sign languages represent important case studies for

language evolution. The present research explores under what genetic and cultural

circumstances these languages persist. Secondly, the present work is more broadly

relevant because it provides more detailed insight into gene-culture co-evolution, and

to what extent the simplifications made in previous, influential mathematical models

(Aoki & Feldman, 1991; Feldman & Aoki, 1992) are valid. Thirdly, at the broadest

level, the following work shows under which circumstances a communication system -

and the gene(s) underlying it - can persist in a population when only a subset of the



68 Chapter 3. A data driven model of sign language persistence

population learns the communication system, and how genes and culture coevolve in

such a case. This may be relevant to early (biological) language evolution, in which it

remains unanswered how language can persist - and genetic adaptations to language

can spread - in a situation where only a small subset of the population members have

the alleles necessary for language.

Depending on the social origin, emerging sign languages can be categorized

as Deaf community sign languages (Woll & Ladd, 2003) or shared sign languages

(Nyst, 2012). Deaf community sign languages are used by a large and dispersed group

of deaf individuals, of which the vast majority are born to hearing parents (Mitchell

& Karchmer, 2004). These languages emerge when deaf individuals congregate, for

example in a city or a school. Here, the majority of language users are deaf, unrelated

to each other and come from various backgrounds. Nicaraguan Sign Language is

an example of a Deaf community sign language documented from its birth, which

emerged due to contact between unrelated deaf individuals at a school in Managua

(Kegl, Senghas, & Coppola, 1999). In contrast, shared sign languages are shared

by deaf and hearing members of communities and typically emerge in rural areas

with a high incidence of hereditary deafness. These sign languages arise within a

community, and the language transmission occurs within and between families (Nyst,

2012). Hence, there are a variety of genetic and cultural differences in the conditions

affording sign language emergence and persistence. The precise conditions allowing

for sign language emergence and persistence remain unclear and are a necessary

subject of investigation for answering questions about language emergence.

Understanding the precise conditions giving rise to new sign languages is not

straightforward. The number of documented emerging sign languages is small and not

all features (e.g. genetic, linguistic, anthropological) of all emerging sign languages

have been investigated. Hence, there is a small number of (often incomplete) data

points which may be used to answer what conditions allow for sign languages to emerge

and persist. Another methodology that has been used to understand how linguistic

features of sign languages emerge and evolve is controlled experiments, for instance

using the silent-gesture paradigm (e.g. Motamedi et al., 2019; Schouwstra & de Swart,

2014). However, it would be impossible and unethical to conduct controlled experiments

to fully grasp the contribution of the different genetic and cultural factors facilitating
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sign language emergence. To study this, modeling is an appropriate methodology to

tease apart the importance of the factors involved. In fact, sign languages have been

the frequent subject of mathematical models of gene-culture co-evolution (e.g. Aoki &

Feldman, 1991; Nance & Kearsey, 2004. Here, I elaborate on one such model.

Aoki and Feldman’s mathematical model (1991) addresses the conditions that

allow for the persistence (i.e. protection from loss) of sign languages, as a result

of the genetic transmission of deaf alleles, which are affected by marriage patterns,

and the cultural transmission of a sign language. Though they explore a plethora

of factors which may affect sign language persistence, their final model makes two

assumptions: first, it assumes that deafness is due to a recessive phenotype, in which

only individuals who acquire the allele causing deafness from both parents are deaf.

Their model focuses on this type of genetic transmission of deafness, as it is the most

common cause of deafness (Bitner-Glindzicz, 2002). Second, the model assumes

vertical transmission (from parents to children) of the sign language from a signing

parent to a deaf offspring.

A key feature of models of sign language persistence is assortative mating for

deafness, meaning non-random mating with regards deafness, selection based on the

phenotype. Assortative mating can drastically change the expected frequencies of

alleles and genes and can increase the proportion of individuals that carry two copies

of the allele causing deafness (Dediu, 2015). For example, in England and in the United

States, deaf individuals have a tendency to marry other deaf individuals (J. G. Kyle &

Woll, 1988); thus, in these cases there is a high proportion of assortative mating for

deafness. Additionally, Aoki and Feldman (1991) conclude that the role of other types of

sign language transmission, horizontal transmission (transmission between individuals

of the same generation) and oblique transmission (transmission between a child and a

random individual in their parent’s generation, other than the child’s parents), do not

significantly affect the persistence of a sign language.

A follow-up to their initial study investigated the role of grandparental transmission

on sign language persistence (Feldman & Aoki, 1992). This transmission mode is

particularly interesting; as deafness is modeled as a recessive trait, it may skip a

generation, so sign language transmission from a deaf grandparent to a deaf grandchild

may be important for sign language persistence. To address this mathematically,
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Feldman and Aoki (1992) introduce a method based on triplets, consisting of two

overlapping mother-father-daughter triplets, where the daughter in the first triplet is

the mother in the second triplet. Hence, this method only accounts for grand-maternal

transmission. From this, the authors conclude that the most important factor affecting

sign language persistence is assortative mating for deafness, but that in some cases

where vertical transmission is insufficient, grand-maternal transmission may contribute

to sign language persistence (Feldman & Aoki, 1992). These models (Aoki & Feldman,

1991; Feldman & Aoki, 1992) outline the conditions for sign language persistence, but

no empirical data from real sign languages was used to test their model.

When empirical data from a shared sign language was applied to Aoki and

Feldman’s (1991) model, the sign language was incorrectly predicted not to persist.

Gialluisi et al. (2013) tested Aoki and Feldman’s (1991) model with data from Al-

Sayyid Bedouin Sign Language (ABSL), a shared sign language used by a small

community in the Negev desert in Israel. As is the case for many shared sign language

communities, the ABSL community has a high incidence of hereditary deafness and

all deaf individuals acquire the sign language from birth. Strikingly, in this community,

marriages between deaf individuals did not occur in the early generations of this

language (Kisch, 2012). As Aoki and Feldman’s (1991) model predicts that ABSL would

not persist, it indicates that their model is incomplete. Gialluisi et al. (2013) emphasize

that a realistic model of sign language persistence requires consideration of the social

and genetic circumstances underpinning signing communities.

Gialluisi et al. (2013) outline several components required to create a model

which accurately predicts sign language persistence, but they do not implement it. Their

proposed model is largely influenced by the ABSL community, but state that it should

have the possibility to extend to other signing communities, unified under the critical

mass hypothesis proposed by (Senghas, 2005). The components outlined by (Gialluisi

et al., 2013) for a model of sign language persistence are:

1. the genotype distribution of alleles causing deafness across the population

2. the population size

3. an assortative mating coefficient

4. a polygamy coefficient

5. vertical, horizontal and oblique transmission
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Gialluisi et al. (2013) add that other factors could additionally be included, like

age of acquisition. Their proposed model would require linguistic and genetic quasi-

isolation; linguistically, the model only pertains to the sign language being modeled, not

surrounding spoken or sign languages, and would not consider the effect of cochlear

implants. Additionally, only the genes present in the population are modeled, not the

gene flow in and out of it.

In sum, as addressed by Gialluisi et al. (2013), Aoki and Feldman’s (1991) mathe-

matical model does not account for the persistence of ABSL, which demonstrates that

current models are lacking necessary information to explain sign language persistence.

Building on the agent-based model presented in the previous chapter, I attempt to make

the model more realistic by incorporating features from existing sign language com-

munities. The sign language Kata Kolok and the community in which it emerged have

been remarkably well documented from a genetic, cultural and linguistic perspective,

hence it is used as the starting point to make the agent-based model more realistic. I

also draw inspiration from an agent-based model used to study the features that shape

sign language fluency across emerging sign language communities, informed by Kata

Kolok (de Vos, Roberts, & Thompson, 2016).

In order to make a more realistic model of sign language persistence, I implement

the points outlined by Gialluisi et al. (2013) except the polygamy coefficient, which

would require modeling a growing population. Though all documented shared signing

communities are growing populations, modeling a growing population is mathematically

complex and as such should be the topic of future research. Without modeling a

growing population, in a patriarchal society, polygamy would result in a large proportion

of unmarried men. For instance, if most men marry two women, only half of men in the

population would be married while every woman is married. In a patriarchal society

with polygamous practices, men typically marry a woman their age and later a much

younger woman. A growing population allows every man to marry multiple women. A

clear example of a polygamous society with a growing population is from Kisch’s (2012)

description of the different generations of ABSL signers. She describes the first six

generations of this community, which all stem from one common ancestor, Al-Sayyid.

Marriages between Al-Sayyid’s grandchildren bore the first four deaf offspring. A grow-

ing population and polygamy are undoubtedly factors that influence the transmission
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of genes causing deafness and the transmission of a sign language but, due to the

difficulty of modeling this, it is not modeled in the simulation presented in this chapter

and should be a topic of further research.

This chapter is structured as follows; in the following section (Section 3.2), I delve

into more detail on shared sign languages, with a focus on the remarkably well docu-

mented Kata Kolok community, as well as the ABSL community. The documentation of

various genetic and cultural facets of the Kata Kolok community is used as the starting

point and as inspiration for the critical features of the agent-based model. I then further

motivate the need for an updated model in Section 3.3, where I show that Kata Kolok

and ABSL are not predicted to persist with current models of sign language persistence.

Building upon previous modeling efforts to explain sign language persistence, I add

more realistic language acquisition (Section 3.4) and consanguineous marriages (Sec-

tion 3.5) to the model. In Section 3.6, I present results of a parameter exploration of

the model, investigating the effect of several model parameters on the persistence of

the sign language and on the proportion of signers in the population. In Section 3.7, I

discuss the results in light of existing signing communities and I outline some factors

absent from the model which could be the topic of future research in order to make this

model more accurate.

3.2 Shared sign language variation

The present research is focused on shared sign languages (as opposed to Deaf

community sign languages) for the following reasons: first, because of an often small

population size, shared sign language documentation has in some cases spanned entire

communities (see the community sketches found in Zeshan & de Vos, 2012). Second,

shared sign languages provide a unique window into the dynamics underlying gene-

culture co-evolution, as shared sign languages typically emerge due to a monogenic

form (i.e. involving a single gene) of recessive hereditary deafness whose frequency

in the population is influenced by cultural factors like sign language transmission and

marriage patterns. Third, this work is part of a larger investigation into the emergence

and evolution of the shared sign language Kata Kolok. The demographics of the Kata

Kolok community are exceptionally well documented and this shared sign language is
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Table 3.1: Examples of variation in shared sign languages

sign language
incidence of

deafness
population size marriage norms reference

Adamorobe

SL
high: 11%

low: 405 (1961)

high: 2500 (2012)
no deaf-deaf marriages

Kusters

(2012)

Alipur

SL
low: 0.75% high: 20000 no deaf-deaf marriages

Panda

(2012)

Chican

SL
mid: 2.36% low: 720

deaf-deaf and

deaf-hearing marriages

Delgado

(2012)

Kata Kolok mid: 2.2% mid: 2184
deaf-deaf and

deaf-hearing marriages

Marsaja

(2008)

one of the ones that has persisted the longest (de Vos & Nyst, 2018).

Different shared sign language communities differ in many ways. Variation has

been observed, for example, in the size of the signing community, the proportion of

deafness, the age of the language and the context of language use (Zeshan & de Vos,

2012; Meir et al., 2010). Table 3.1 shows examples of how shared sign languages vary

on several dimensions, including marriage patterns, population size and the proportion

of deaf individuals in the population. Because the features of documented signing

communities vary on so many levels, the present research investigates the precise

combinations of conditions allowing for these languages to persist. It is worth noting that

the data presented in Table 3.1 and those concerning the Kata Kolok community consist

of a snapshot of these communities, but these communities have experienced drastic

changes. For example, in the Adamorobe Sign Language community, the population

has grown from 405 in 1961 to 2,500 in 2012 (Kusters, 2012).

One common feature throughout many emerging sign language communities

is the practice of consanguineous marriages, i.e. marriages between cousins. This

marriage pattern increases the chance of homozygosity (in this case, recessive deaf-

ness), as there is a higher probability that two alleles at a locus are the same if

genetically closely related individuals have offspring (Dediu, 2015). This practice has

been described for the ABSL community (Sandler, Meir, Padden, & Aronoff, 2005), the
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Alipur Sign Language community (Panda, 2012), Ban Khor Sign Language community

(Nonaka, 2012) and the Kata Kolok community (de Vos, personal communication). In

the ABSL community, the first deaf individuals born were the direct result of consan-

guineous marriages (Kisch, 2012, p. 362). Lane, Pillard, and French (2000) hypothesize

that consanguineous marriages not only affect the transmission of genes causing

deafness, but also the involvement of hearing signers in the linguistic community.

3.2.1 The Kata Kolok community

The current project is inspired by the Kata Kolok community, which has been extremely

well documented from many angles. Since the early 1990s, this community has

been studied by geneticists (Winata et al., 1995), anthropologists (Hinnant, 2000),

sociolinguists (Branson, Miller, & Marsaja, 1999; Marsaja, 2008) and linguists (de

Vos, 2012b; Lutzenberger, 2017; Perniss & Zeshan, 2008). Because of the in-depth

documentation of Kata Kolok from many perspectives around the early 2000s, it offers

a unique window into the cultural and genetic dynamics allowing for the persistence of

a shared sign language.

Kata Kolok is a shared sign language that emerged in the village of Bengkala

in Bali, Indonesia due to a high incidence of recessive hereditary deafness. Based

on genealogical (Liang et al., 1998) and genetic (Winata et al., 1995) evidence, de

Vos (2012b) concludes that Kata Kolok is likely in its sixth generation. In the village

there are 2184 residents of which 2.2% are congenitally deaf (individuals who carry

two deaf alleles) and 17.6% of hearing individuals carry a deaf allele (Winata et al.,

1995). Further, as reported for other shared signing communities, this community has

adapted to deafness; deaf people are highly integrated into the community and are not

discriminated against, as evidenced by them being as likely to marry as hearing people,

as well as deafness being present in the village’s mythology (Branson et al., 1999).

A far-reaching sociolinguistic survey was conducted by Marsaja (2008) in 2000

about the use of Kata Kolok. In this survey, 83% of the population was interviewed,

including 47 deaf individuals and 1770 hearing individuals. All families with deaf

individuals took part. Interviews were guided by a list of 13 questions (see Appendix

4 in Marsaja, 2008), such as "where have you been this morning?". According to this
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brief interview, participants were classified as fluent signers, less-fluent signers and

non-signers. Based on this survey, 70% of the population has signing skills. More

specifically, in Marsaja’s (2008) sample, all deaf individuals are fluent signers (47), all

hearing individuals in families with a deaf member are fluent signers (78), and hearing

individuals not part of a deaf family were divided into three sign fluency categories: fluent

signers (449), less fluent signers (681) and non-signers (562). All deaf signers and

hearing individuals in deaf families (i.e. families with a deaf member) are considered

to be fluent signers of Kata Kolok. Marsaja (2008) considers the family unit to be

comprised of extended family members who usually live in the same compound, such

as grandparents, grandchildren, aunts, uncles, nieces and nephews. Marsaja (2008,

p. 101) notes the importance of deaf families on the persistence of Kata Kolok:

The use of Kata Kolok in Deaf families is the key to its overall use across

the village. Both [deaf individuals] and [deaf] families use the sign language

regularly at home, and as a result, they are all fluent signers. As regular

and frequent users of the sign language, these people play crucial roles in

the development and maintenance of Kata Kolok.

Because of the breadth of rich empirical data collected on Kata Kolok, it is

the ideal candidate to use as a starting point to help examine the conditions that

may lead to the persistence of a shared sign language. The genetic (Winata et

al., 1995) and sociolinguistic sources (Marsaja, 2008) from around the year 2000

provide detailed, community-wide data from the same time period, which is ideal for the

current model. Using data from the documentation of the Kata Kolok community, the

computational model presented in the following section attempts to build an ecologically

valid representation of how shared sign languages persist.

3.2.2 The ABSL community

In addition to the Kata Kolok community, I also consider the ABSL community, whose

parameter values are outlined in Gialluisi et al. (2013). The ABSL community presents

an important test case in the study of sign language persistence because in this

community deaf-deaf marriages do not occur. ABSL emerged in the village of Al-Sayyid



76 Chapter 3. A data driven model of sign language persistence

in the Negev desert, Israel following the birth of deaf siblings in 1924 and 1940 (Kisch,

2012). In this village, there are nearly 130 deaf individuals out an estimated 4,500. As

mentioned, consanguineous marriages are common and deaf-deaf marriages, until

recently, did not occur. Additionally, polygamy is common, with men marrying multiple

women. As in the Kata Kolok community, in the ABSL community, households of

extended families form compounds. The high incidence of signing in this community

can be attributed to the dense social network, where most people have contact with

a deaf individual. Crucially, all deaf children, as well as many hearing children, have

exposure to sign language from birth. Remarkably, approximately one third of hearing

individuals in the village have been observed to sign. (Kisch, 2012, p. 365) notes that

the blending of deaf and hearing in this community is perpetuated by a) the recessive

genetic mutation which leads 80% of deaf individuals to be born to hearing parents,

and b) deaf-hearing marriage patterns (until recently). As is common across shared

signing communities, deafness is not seen as a disability in the ABSL community, but

rather as a condition which requires the use of the manual-visual modality.

By focusing on two existing communities with shared sign languages, I aim to

better determine the range of situations that allow for sign language persistence. Study-

ing the features of these communities allows to build more accurate models. To begin,

I apply the values from the ABSL and Kata Kolok communities to the mathematical

model of Aoki and Feldman (1991) and to the agent-based model from the previous

chapter as a starting point, before adding more realistic features to the model.

3.3 Motivating the current study: applying values from

signing communities to an existing model of sign

language persistence

Aoki and Feldman (1991) create a general model of sign language persistence, though

they eventually focus their efforts on a specific case with just vertical transmission from

deaf parents to deaf offspring and in a population with a single monogenic form of

recessive deafness. With these assumptions, the condition for signers to persist in the

population is:
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2lc[(1−m)q +m] > 1 (3.1)

with lc being the probability of a deaf child acquiring the sign language with only

one signing parent, m being the proportion of assortative mating for deaf/hearing status

and q being the frequency of recessive alleles causing deafness in the population.

As shown by Gialluisi et al. (2013), Aoki and Feldman’s (1991) model does not

predict the persistence of ABSL. lc is set to 1 as all deaf individuals in the ABSL

community acquire the sign language, m is set to 0 as no deaf-deaf marriages were

attested in the ABSL community and q is set to 0.18 as a rough estimate: 2 × [(1 −
0)0.18 + 0] = 0.36. As 0.36 is smaller than 1, the persistence of ABSL is not predicted.

This is no surprise as Aoki and Feldman (1991) emphasize the role of assortative mating:

if m is small the equation cannot be satisfied. Turning to empirical data from Kata

Kolok, does Aoki and Feldman’s (1991) model predict that Kata Kolok has persisted?

Calculated based on a genealogical tree from Liang et al. (1998), the value of m is set

to 0.58, q is 0.108 and lc is set to 1 as all deaf individuals in the Kata Kolok community

acquire the sign language. With these values, Aoki and Feldman’s (1991) model

correctly predicts the persistence of Kata Kolok: 2× [(1− 0.58)0.108 + 0.58] = 1.25.

With the Kata Kolok input values, the mathematical model accurately predicts the

persistence of Kata Kolok likely because the assortative mating value is not low.

Next, the agent-based model presented in the previous chapter is run using

empirical data from these signing communities as parameter values2. The agent-based

model is nearly identical to Aoki and Feldman’s (1991) mathematical model, and any

differences should be due the nature of agent-based modeling and mathematical mod-

eling; for example, in agent-based models are of a finite population, while mathematical

models are of an infinite population. The effect of this on marriage partner choices will

be discussed in Section 3.5. The agent-based model shown here is used as a baseline,

which I will build upon in Section 3.4 and Section 3.5. For the ABSL community, Gialluisi

et al. (2013) consider 0.18 to be a conservative estimate of q for the ABSL community

(Scott et al., 1995; Kisch, 2004; Kusters, 2009). With 0.18 as q as the starting value,

2The model and analysis files are available at: https://doi.org/10.6084/m9.figshare.17198432
.v1

https://doi.org/10.6084/m9.figshare.17198432.v1
https://doi.org/10.6084/m9.figshare.17198432.v1
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I used the Hardy-Weinberg equilibrium3 to calculate the values of deaf agents and

hearing agents carrying a deaf allele. This yielded 0.172 for the proportion of hearing

carriers of one recessive allele and 0.29 for the proportion deaf (i.e. those carrying

two recessive alleles). Motivated by studies of the ABSL community, other values used

as input parameters for the model used in Gialluisi et al. (2013) are: the population

size is set to 3500 (Sandler et al., 2005) and with regards to marriage, no marriages

between deaf individuals are allowed (Kusters, 2012; Kisch, 2004). For the Kata Kolok

community, detailed genetic information is available thanks to population-wide genetic

sampling: the proportion of deaf individuals is 0.022 and the proportion of hearing

individuals carrying a recessive allele is 0.172 (Winata et al., 1995). At the time of

Winata et al.’s (1995) study, the population size was 2184. Around this same time, the

assortative marriage value was 0.58, which I calculated from a genealogical tree from

Liang et al. (1998).

With regards to language acquisition, in both of these communities, deaf individ-

uals always acquire the sign language, thus the probability of deaf agents acquiring

the sign language is set to 1 throughout all simulations. In the previous chapter, I

demonstrated the critical role that hearing individuals can play on sign language per-

sistence. However, as a starting value in the simulation, following Aoki and Feldman

(1991), the probability that hearing agents acquire the sign language (h) is set to 0. In

addition, while it is known that hearing individuals tend to make up a large proportion

of the signers in shared signing communities, the exact proportion of hearing ABSL

signers is unknown (Gialluisi et al., 2013). As a baseline, only vertical transmission

is used (following Aoki & Feldman, 1991). The model run here is identical to the one

described in the previous chapter. Table 3.2 lists the parameters used to simulate the

Kata Kolok and ABSL communities and Figure 1 shows the simulation results. This

baseline scenario will then be compared to versions of the model in which language

transmission and consanguineous marriages are added (Section 3.4 and Section 3.5

respectively).

It should be noted that choosing to run the model for 50 generations is a relatively

arbitrary decision in the sense that the shared sign languages that are of interest are

at most 7 generations old. After this point, it is interesting to continue observe the

3For an explanation of this principle, see O’Rourke (2018)
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Table 3.2: The parameters used as a baseline to represent the Kata Kolok community

and the ABSL community

parameter abbreviation KK ABSL

population size ntotal 2184 3500

proportion of deaf agents d 0,022 0,032

proportion of hearing agents

who carry one recessive allele
c 0,172 0,29

marriage type marriage_type assortative no_deaf_deaf

assortative marriage value m 0,58 NA

probability that a hearing agent

acquires the sign language
h 0 0

vertical transmission vt TRUE TRUE

horizontal transmission ht FALSE FALSE

oblique transmission ot FALSE FALSE

grandparental transmission gt FALSE FALSE

dynamics of the system. It should be stressed that the model is not run until it reaches

asymptotic behavior, as is commonly done in modeling; what is of most interest here is

the first few generations after the full population is present (generations 2 and onward).

The sudden increase of signers in the population from generation 0 to generation 2

(for most experiments) is due to a modeling decision about how the full population is

added to the model: the initial generation is comprised only of a third of the population,

another third of the population is added in generation one and in generation two the

full population is present. Alternatively, the entire population could have been added

immediately, but because marriages and having offspring happens only for agents of

age 1 (in their second time step), I chose to add agents generation by generation to

more easily observe the dynamics during the model development phase.

As shown in Figure 3.1, neither ABSL nor Kata Kolok are predicted to persist

using the agent-based model. Using Aoki and Feldman’s (1991) mathematical model

with the same parameter settings used for the agent-based model, Kata Kolok was

predicted to persist. What explains the difference in result between the agent-based
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Figure 3.1: The proportion of signers over 50 generations for the ABSL and Kata Kolok

parameter values. The dark line represents the median at each time step and the

shaded area represents the first and third quartiles. The proportion of signers in the

population (the y axis) goes to 0.05. A dot is shown when the proportion of signers

drops to 0.

model and Aoki and Feldman’s mathematical model? I propose that this difference

is largely a result of the less abstract representation of the Kata Kolok community in

the agent-based model. With regards to marriage in the agent-based model, only

female-male marriages are allowed between individuals of the same age (one third of

the population) and marriages between siblings are prohibited. In small populations,

this has a large effect because the pool of potential marriage partners is limited. In

addition, there is a small number of deaf agents and if they are not selected to have

offspring, this can have drastic effects on the persistence of the sign language.

In sum, I have applied real-world values from sign language communities to

Aoki and Feldman’s (1991) mathematical model, finding that Kata Kolok is predicted
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to persist and ABSL is not predicted to persist. With the reimplementation of this

model as an agent-based model, neither Kata Kolok nor ABSL is predicted to persist.

One explanation for this discrepancy is that the agent-based model imposes more

realistic constraints than the mathematical model. I use these two model runs (shown

in Figure 3.1) which use empirical data from signing communities as a baseline for the

current chapter. From this baseline, I ask: what is required to predict the persistence of

these sign languages? We know that these sign languages exist, and that the model

lacks much of the complexity present in the real world. In this chapter, I investigate

two much discussed contributors to sign language persistence: language transmission

(Section 3.4) and consanguineous marriages (Section 3.5). Following that, I conduct

a parameter exploration to determine how sign language persistence is affected by

population size, the proportion of deaf agents, the proportion of hearing carriers of a

deaf allele and marriage patterns (see Appendix A).

3.4 Modeling more realistic language transmission

The model presented in the previous chapter and in Section 3.3 consisted of an

unrealistic model of language acquisition, which depended on the transmission type

(vertical, horizontal, oblique and/or grandparental) and on probabilities that deaf and

hearing individuals acquire the sign language. This sometimes resulted in families

where only part of the family had acquired the sign language, which is unusual (if not

unattested) in shared signing communities. To illustrate with an example, in a family

comprised of a deaf brother and a hearing sister, where the probability of acquiring the

sign language for deaf individuals is higher than the probability of hearing individuals

acquiring the sign language (h), while the deaf brother acquires the sign language from

a parent, the hearing sister does not. This situation is highly unlikely! If sign language

acquisition in this family is possible, then it is probable that the hearing daughter will

acquire the sign language for her and her deaf brother to communicate. Typically,

in families with a deaf individual, all members of the family adapt to deafness and

therefore learn to sign (for the case of Kata Kolok, see Marsaja, 2008; for Ban Khor

Sign Language see Nonaka, 2012, p. 287).

To make the model more reflective of real shared signing communities, I update
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Table 3.3: Processes, scheduling, pseudo-code and parameters for the language

acquisition process

process pseudo-code parameters

language acquisition for each new agent

find agents in same familyunit

if any agent in family is deaf

if any agent knows the SL

all agents in the family acquire the SL

family_unit

the sign language acquisition component of the model (see Table 3.3). Now, in a

family unit with an agent who is deaf and an agent who is a signer, all members of that

family unit acquire the sign language. In contrast to the previous implementation of

language acquisition, here, vertical and horizontal transmission within the family are

condensed into one "core" family unit, which I call immediate family transmission (IFT).

In addition, oblique transmission (OT) and grandparental transmission (GP) can be

added to the family unit. Figure 3.2 illustrates the updated language acquisition process

of the model with immediate family transmission (IFT): as shown in Figure 3.2, before

language acquisition takes place, there is a mother who signs and a daughter who is

deaf. As there is a deaf family member and a signing family member, after the language

acquisition stage of the model occurs the entire family has acquired the sign language.

In Section 3.3, using the agent-based model I showed that vertical transmission

between only deaf individuals is insufficient to predict sign language persistence with

the ABSL and Kata Kolok community parameters. In the previous chapter, I showed

that adding transmission types and a higher probability of hearing signers acquiring the

sign language improves sign language persistence. Here, I investigate how this more

realistic process of language acquisition affects sign language persistence. If the entire

immediate family of a deaf individual acquires the sign language, will this be sufficient

to predict sign language persistence given the other parameter settings? If not, what

other transmission types are required to predict sign language persistence?
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Figure 3.2: Visualization of language acquisition: in the language acquisition process

of the model, if there is a signer and a deaf agent in the family unit (here, just the

immediate family), then the entire family acquires the sign language. In the example

shown, the hearing mother is a signer who has a deaf daughter. As a signer and

deaf agent are both present, the rest of the agents in the family unit acquire the sign

language.

Figure 3.4 shows the outcome of the agent-based model simulations with the

ABSL parameters listed in Table 3.2 and the updated language acquisition process.

It is apparent that more than immediate family transmission (IFT) is required for sign

language persistence given this model; with immediate family transmission alone, the

sign language is not predicted to persist. After 50 generations, with immediate family

transmission and oblique transmission (IFT_OT) the sign language is not predicted to

persist, though the spread of the proportion of signers in the population is larger than for

immediate family transmission alone. In comparison, when grandparental transmission

is added to immediate family transmission (IFT_GT), the sign language is predicted to

persist. Notably, for the ABSL case, adding grandparental transmission to immediate

family transmission (IFT_GT) is much more beneficial for sign language persistence

than the addition of oblique transmission to immediate family transmission (IFT_OT).

Why would grandparental transmission be more beneficial than oblique transmis-

sion to sign language persistence, specifically in the ABSL case? Because deaf-deaf

marriages are not permitted in the ABSL case, unless the partner of a deaf individual

carries a recessive allele, it is not possible for them to have a deaf offspring. This
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Figure 3.3: Different family units modeled for transmission in the language acquisition

process of the agent-based model. Figure A shows immediate family transmission (IFT).

Figure B shows immediate family transmission and oblique transmission (IFT_OT). Fig-

ure C shows immediate family transmission and grandparental transmission (IFT_GT).

Figure D shows immediate family transmission, oblique transmission and grandparental

transmission (IFT_OT_GT). In the family unit, if both a signer and a deaf agent are both

present, all members in the family unit acquire the sign language.

means that often deafness skips a generation, though recessive alleles for deafness

continue to be passed on. Cultural connections to previous generations allow for the

sign language to persist more successfully. Finally, when all transmission types are

considered, immediate family transmission, oblique transmission and grandparental

transmission (IFT_OT_GT), the sign language is predicted to persist.

For the Kata Kolok parameters (listed in Table 3.2), a similar trend to the ABSL re-
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Figure 3.4: ABSL community (A1, A2, A3) and Kata Kolok community (B1, B2, B3) pa-

rameter settings with different types of family units for language transmission: immediate

family transmission (IFT), immediate family transmission and grandparental transmis-

sion (IFT_GT), immediate family transmission and oblique transmission (IFT_OT) and

immediate family transmission, oblique transmission and grandparental transmission

(IFT_OT_GT). In Figures A1 and B1, the dark line represents the median at each time

step and the shaded area represents the first and third quartiles. Figures A2 and B2

show the proportion of signers at generation 20 and Figures A3 and B3 show the

proportion of signers at generation 49.
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sults can be observed in Figure 3.4. Namely, the proportion of signers in the population

at the final generation is significantly higher with all transmission types (IFT_OT_GT)

than with immediate family transmission (IFT) alone. Grandparental transmission is

more beneficial to sign language persistence than oblique transmission, though this dif-

ference is less pronounced than for the ABSL case because here deaf-deaf marriages

do occur, resulting in more deaf parents having deaf offspring; in other words, the sign

language and the genes, perhaps heterozygously, continue to be passed on.

To summarize, in this section I implemented a new language acquisition process

in an effort to conceptually simplify the agent-based model and to be more truthful to

the empirical data from shared sign languages on how transmission occurs, namely,

as a whole family unit when there is a deaf individual and access to the sign language.

With the parameter values from ABSL and Kata Kolok, I show that more than the

immediate family is required to predict sign language persistence. Sign language

persistence fares best with all types of family transmission modeled here, immediate

family transmission, oblique transmission and grandparental transmission (IFT_OT_GT).

For the case of ABSL, grandparental transmission has a much greater effect on sign

language persistence than oblique transmission; as deaf-deaf marriages do not occur,

deafness often skips a generation and therefore grandparental transmission is hugely

beneficial. In the Kata Kolok and ABSL communities, grandparental and oblique

transmission are common, as many people live in compounds with family members

(for the Kata Kolok community see Marsaja, 2008; for the ABSL community see Kisch,

2012, p. 366). Hence, including these types of transmission allows for a more accurate

depiction of how shared signing communities persist. In the next section, I implement

consanguineous marriages in the agent-based model, a tendency which has been

documented across several shared signing communities.

3.5 Modeling consanguineous marriage patterns

Consanguineous marriage patterns have been attested in several shared signing

communities, such as in the ABSL community (Sandler et al., 2005), the Alipur Sign

Language community (Panda, 2012), the Ban Khor Sign Language community (Nonaka,

2012) and the Kata Kolok community (de Vos, personal communication). This marriage
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tendency is particularly interesting for the study of gene-culture co-evolution because

it allows for recessive genes for deafness to stay near each other. When a recessive

mutation emerges in a population, there is a large chance that it will not persist due

to stochastic processes, but with consanguineous marriages it is more likely that the

recessive trait will be expressed and then selected on (or not) (Arnos et al., 2008). Thus,

I explore the effect of this marriage tendency on sign language persistence. In this

section, I continue to use the ABSL and Kata Kolok community baseline parameters

listed in Table 1 testing the effect of the four different combinations of language acquisi-

tion from Section 3.4. In addition to no deaf-deaf marriages for the ABSL community

parameters and an assortative marriage value of 0.58 for the Kata Kolok community

parameters, a tendency for cousin-cousin marriages is imposed.

Implementing consanguineous marriages into the model was particularly challeng-

ing, largely because this was added to the preexisting marriage process which included

assortative marriage. There are several ways in which consanguineous marriages could

have been implemented, and each implementation would yield a different outcome.

There were two main possibilities that I saw possible for implementing consanguineous

marriages into the agent-based model, depending on if consanguineous marriage or

assortative marriage is first in the order of processes4.

The first possibility is that when the eligible agents of the assortative marriage

are selected, a cousin is selected as the marriage partner if a cousin is available.

Otherwise, another (non-cousin) agent is chosen. To make this more concrete with an

example, say Agent A is a deaf female and she should marry a deaf male (according

to assortative marriage in this given example). All unmarried, male, deaf agents in

Agent A’s generation are considered to be eligible marriage partners: Agent B, C and D.

From these eligible agents, I check if there are any cousins of Agent A. From the list of

eligible agents, Agent D is a cousin, so Agent A and Agent D are married. If Agent A

did not have any cousins in the list of eligible agents, then an agent would be chosen at

random to marry agent A. The drawback of implementing these processes in this order

(assortative marriage before consanguineous marriage) is that assortative marriage is

4These constraints are more complicated because of the relatively small population sizes and low

proportion of deaf agents being modeled. In a large population with many deaf agents, fulfilling these criteria

is easier and thus their order of application is likely to be negligible.
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given the priority, resulting in consanguineous marriages occurring less frequently than

possible if not restrained by the requirements of assortative marriage.

The second possibility considered is where consanguineous marriage occurs

before assortative marriage. I will illustrate with another example: Agent A is a deaf

female and (because consanguineous marriages have priority here) all male cousins

are considered as eligible marriage partners: Agent D and Agent E. Second, assortative

marriage is considered. In this hypothetical example, assortative marriage dictates that

Agent A should marry a deaf agent. Agent D is deaf and Agent E is hearing, so Agent

A and Agent D are married. If there had been no deaf agents eligible, Agent A would

have married a hearing agent. Thus, assortative marriage in this implementation is

secondary to consanguineous marriage.

In addition to these two methods described, there are other ways to implement

consanguineous marriage and assortative marriage alongside each other in a more

gradual fashion, for example by continuously monitoring the percent of assortative

marriages when consanguineous marriages occur. Otherwise, it could also be possible

to find a solution to have the maximum number of consanguineous marriages and to

be as close as possible to the assortative marriage proportions of deaf-deaf, hearing-

hearing and deaf-hearing marriages desired. Both of these methods as well as the

second possibility described require altering how assortative marriage was implemented

in the model so far. Thus, I chose to implement consanguineous marriages in the model

in the first way described (assortative marriage has precedence over consanguineous

marriages) in order to change as little as possible from previous versions of the model

for the sake of comparison. The process of adding consanguineous marriage in the

model is described in Table 3.4 using pseudo-code and an example illustration is

provided in Figure 3.5.

The results of the simulations using the ABSL and Kata Kolok parameter settings

are shown in Figure 3.6. The differences between consanguineous marriages and

non-consanguineous marriage patterns are more pronounced for the ABSL parameter

settings than for the Kata Kolok parameter settings. Because deaf-deaf marriages

do not occur in the ABSL case, having consanguineous marriages helps keep genes

causing deafness together and thus yields more deaf offspring. As cousins are more

likely to have more similar genes than two random agents in the population, if a deaf
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Figure 3.5: Visualization of the consanguineous marriage model component. The

visualization depicts a family tree comprised of 3 generations. Agent 4, a deaf male, is

going to marry another agent. Pertaining to consanguineous marriage, the cousins of

agent 4 are considered. Depending on the type of marriage (no deaf-deaf marriages,

assortative marriages or non-assortative marriages), different cousins are considered

eligible. For no deaf-deaf marriages, female hearing cousins (agent 2 and 6) are eligible.

For assortative marriages, there are two ways that partners are chosen: first, a specified

proportion of agents have a phenotype preference, where agents have a tendency

to marry agents with their same phenotype (either deaf or hearing) and second, the

remaining agents do not have a tendency to marry depending on their phenotype. In

the first possibility (phenotype preference), agent 4 will marry the eligible deaf female

(agent 7) and in the second possibility (no preference), agents 2, 6 and 7 are all eligible

partners for agent 4. Depending on the marriage type, one agent is randomly chosen

from the list of eligible partners to marry agent 4.
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Table 3.4: Processes, scheduling, pseudo-code and parameters for the consanguineous

marriage process. In this table the parameter consanguineous_marriages has been

shortened to consang_marriages for space purposes.

process pseudo-code parameters

marriage select agents with age 1

for each agent

if marriage_type is no_deaf_deaf marriage

if consang_marriage

marry a cousin if possible

if marriage_type is assortative marriage

perform assortative marriage with value m

if consang_marriage

marry a if possible cousin

marriage_type, m,

consang_marriage

agent marries their cousin, it is possible that their hearing cousin is a carrier of a

recessive allele and hence their offspring could be deaf.

This section should be considered as a preliminary step in modeling consan-

guineous marriages, especially considering the plethora of ways in which this can be

implemented, with each implementation having effects on the outcome. In addition

to the alternative possible implementations of consanguineous marriage that I have

discussed, there are a few other remarks that I would like to make: here, consan-

guineous marriage is expressed as a tendency, meaning that if possible an agent will

marry their cousin. However, consanguineous marriage could also be implemented as

a proportion of all marriages. For the ABSL community, Kisch (2012) has reported that

60% of marriages are consanguineous. Hence, a future step could be to implement

consanguineous marriages as a proportion. Another consideration is that consan-

guineous marriages in the model presented here just pertain to first cousins. To extend

on the current model, one could model marriage tendencies based on relatedness

such that agents prefer marrying their first cousins over their second cousins, and

second cousins over third cousins, etc. Future work should consider how to efficiently

implement marriage patterns in a model in a way that best reflects reality, to better
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Figure 3.6: ABSL community (A1 and A2) and Kata Kolok community (B1 and B2)

parameter settings with consanguineous marriages in purple and non-consanguineous

marriages in yellow. Figures A1 and A2 show the proportion of signers at generation

20 and Figures A2 and B2 shows the proportion of signers at generation 49. The dots

represent the median and the line represents the first and third quartiles.
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determine what the effect of these marriage patterns is on sign language persistence.

3.6 A brief parameter exploration

Following the addition of an updated language acquisition process and consanguineous

marriages to the model, I explore the effect of various factors on sign language persis-

tence in a parameter exploration. I investigate the effect of marriage patterns, population

size the proportion of deaf agents and the proportion of hearing agents, using realistic

values observed in shared signing communities. For each of these experiments, I

compare the baseline parameters (the model used in Section 3.3) to the Kata Kolok

parameters and ABSL parameters in the updated model (the model with the updated

language acquisition process and consanguineous marriages). Though not the focus

of this chapter, I will briefly outline a select few results and provide more information in

Appendix A for those interested; for population size (see Appendix A1), typical small

population effects are observed: in the runs with small population sizes there is a

lot of variation (due to drift) and in many cases the sign language does not persist

as there are so few deaf agents to begin with. The effect of marriage patterns on

sign language persistence is varied depending on the parameter set and model used

(see Appendix A2): in the baseline model, the sign language only persists when the

assortative marriage values are high. For the ABSL parameter settings, the proportion

of signers in the population remains constant over all marriage values. For the Kata

Kolok parameter settings, the proportion of signers in the population is highest for

deaf-deaf marriages, and the sign language does not persist when assortative marriage

is complete (1.0). Finally, for the experiments investigating the effect of the proportion of

deaf agents (Appendix A3) and the proportion of hearing carriers of the recessive allele

on sign language persistence (Appendix A4), I find that the higher these proportions

are the more signers there are in the population.
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3.7 General discussion

By incorporating a more realistic language acquisition process as well as the possibility

of adding consanguineous marriages to the model, I move one step closer to a repre-

sentative model of sign language persistence. This study has helped elucidate how the

interaction between genetic and cultural conditions can allow for shared sign language

persistence. As discussed by Dediu (2015, p. 206), the adaptation to deafness in

shared signing communities has resulted in the integration and acceptance of deaf

individuals. Consanguineous marriages and/or assortative marriages for deafness

has led to an increase in recessive alleles in the population and more deaf individuals.

With more deaf individuals and the adaptation to deafness in these communities, deaf

and hearing individuals acquire the local sign language, which increases the positive

attitude towards deafness. The cultural integration of deaf individuals in the community

(evidenced by sign language acquisition and marriage patterns) and the resulting in-

crease in recessive alleles make up the co-evolutionary cycle. Both the study of shared

sign languages and Deaf community sign languages highlights that a genetic mutation

or bias may propel language evolution in a new direction, even if it only affects a small

proportion of the population, ultimately giving rise to a feedback loop between genes

and culture (Levinson & Dediu, 2013). In this case, there is a shift from the acoustic to

the manual-visual modality, underlining how plastic the brain is and also how resilient

language is.

I was largely interested in studying the dynamics of gene-culture co-evolution in

shared signing communities, and studying this in a linguistically and genetically isolated

population is much simpler, as discussed in Gialluisi et al. (2013). However, all shared

sign languages are endangered often because of contact with a larger, Deaf community

sign language (de Vos & Zeshan, 2012). As such, in the study of shared sign language

persistence, contact with Deaf community sign languages would undoubtedly be a

next step. The contact between Deaf community sign languages and shared sign

languages poses a risk to the vitality of shared sign languages in at least two ways:

1) deaf individuals speaking the shared sign language are likely to switch to using the

Deaf community sign language for educational and/or professional purposes, amongst

other reasons (de Vos & Zeshan, 2012), and 2) changing martial patterns, with deaf
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individuals from the village choosing to marry deaf individuals from outside the village,

leads to a decrease of deaf offspring. This has been exhibited in the case of both

the ABSL and Kata Kolok community. In the Kata Kolok community, contact with the

Balinese deaf community through deaf schooling has led many deaf individuals from

the village to marry deaf individuals from outside the village. In turn, these marriages do

not often lead to deaf offspring because the deaf individual from outside the village will

not carry the same recessive allele causing deafness as in the Kata Kolok community

(de Vos & Zeshan, 2012, p. 7). de Vos (2012b) stresses how these changing marital

patterns (between individuals from different gene pools, from inside and outside the

village) will likely lead to less deaf individuals being born in the village and negatively

affect sign language persistence. Interestingly, in some communities such as the Kata

Kolok community, with the changing marital and cultural preferences of deaf individuals,

the hearing signers who use sign to interact with the deaf individuals from the village

could be considered to be the "safekeepers" of the shared sign language (de Vos,

2012b). Lutzenberger (2021) outlines the factors currently contributing positively and

negatively to the persistence of Kata Kolok, such as the negative impact of tourism

and the media on Kata Kolok persistence. Using the factors outlined there, it would

be possible to make a model of sign language persistence highly specific to the Kata

Kolok community, which would require modeling contact with the wider deaf community

in Bali, who use Indonesian sign language.

3.8 Conclusion

Mathematical models of sign language persistence were not equipped to explain the

persistence of shared sign languages. In this chapter I focused on data from the ABSL

and Kata Kolok communities to take steps towards creating models that are more

representative of shared signing communities, by adding sign language transmission

within the family and a tendency for consanguineous marriages. This investigation

focused on the co-evolution of genes for deafness and the cultural factors language

transmission and marriage patterns. Specifically, as highlighted in the case of ABSL,

where deaf-deaf marriages do not occur, grandparental transmission (as deafness

sometimes skips a generation) and consanguineous marriages (keeping the deaf
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alleles near each other) are beneficial for sign language persistence. I have discussed

some factors which could be incorporated into the model to assess the risks that shared

sign languages face today, by modeling contact with Deaf community sign languages.
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3.9 Appendix A. Parameter exploration

A1. Population size

For the experiments about the effect of population size on sign language persistence,

typical small population effects are observed (see Figure 3.7): in the baseline and the

Kata Kolok parameter settings, when there are 1000 or less agents, the sign language

does not persist. When there are 2000 agents or more, when the sign language does

persist, the number of agents in the population has no effect on increasing or decreasing

the proportion of agents in the population. The higher proportion of deaf agents and

hearing carriers of a recessive allele for the ABSL parameter set likely explains its

persistence even for a low number of agents. Despite this, small population effects

can be observed in the large variation present for the smaller population sizes. These

results can be explained by drifting in small populations.
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Figure 3.7: The effect of population size on the proportion of signers in the population

with the baseline, ABSL and Kata Kolok parameters over all generations (A1, B1, C1),

at generation 20 (A2, B2, C2) and at generation 49 (A3, B3, C3). For each parameter

set, on Figure 1, the dark line represents the median at each time step and the shaded

area represents the first and third quartiles, and on Figures 2 an 3 the dot represents

the median and the line represents the first and third quartiles.
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A2. Marriage patterns

As discussed in the previous chapter and throughout this chapter, marriage patterns

have a dramatic effect on sign language persistence because of how they affect both the

transmission of genes and the transmission of language. As can be seen in Figure 3.8,

the baseline parameters show similar results to those presented in the previous chapter,

where the sign language persists only for a range of the assortative marriage values

considered (0.6 to 0.9). The ABSL and Kata Kolok parameter sets both use the

model which includes the updated language acquisition process and consanguineous

marriage. In comparing the effect of marriage patterns on the proportion of signers

in the population for these two parameter sets, it is evident that the Kata Kolok case

is more affected by the different marriage values than the ABSL case. The ABSL

parameter set may be relatively unaltered by the different marriage values because of

the high proportions of deaf agents and hearing carriers of the recessive allele in the

population.

For the Kata Kolok parameter set, the proportion of signers in the population is

much more affected by marriage patterns: when the assortative marriage value is high,

the proportion of signers decreases. As previously discussed, this is likely a result of

the model constraints for assortative marriage, which lead to deaf agents having a very

limited pool of potential partners when the value is high, and thus in this case they

are less likely to get married (or get married to another deaf agent) than their hearing

counterparts. A surprising result is the high proportion of signers when deaf-deaf

marriages are prohibited in the case of Kata Kolok. With this updated model, I think that

no deaf-deaf marriages in this case allows for the language to spread to more agents,

considering that cousin-cousin marriages are preferred. So, even though deaf agents

cannot marry other deaf agents, since they are able to marry their cousins who are

likely to carry the same genes as them, they are still likely to have deaf offspring and

pass on the sign language, thereby involving more hearing agents in the sign language

transmission process.
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Figure 3.8: The effect of marriage patterns on the proportion of signers in the population

with the baseline, ABSL and Kata Kolok parameters over all generations (A1, B1, C2),

at generation 20 (A2, B2, C2) and at generation 49 (A3, B3, C3). For each parameter

set, on Figure 1, the dark line represents the median at each time step and the shaded

area represents the first and third quartiles, and on Figures 2 an 3 the dot represents

the median and the line represents the first and third quartiles.
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A3. Proportion of deaf agents

As can be seen in Figure 3.9, the higher the proportion of deaf agents in the population,

the higher the proportion of signers in the population.

Figure 3.9: The effect of the proportion of deaf agents on the proportion of signers in

the population with the baseline (A), ABSL (B) and Kata Kolok parameters (C) over all

generations. The dark line represents the median at each time step and the shaded

area represents the first and third quartiles.
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A4. Proportion of hearing carriers of the recessive allele

As can be seen in Figure 3.10, the higher the proportion of hearing carriers of the

recessive allele in the population, the higher the proportion of signers in the population.

Even in the model with the updated language acquisition process and consanguineous

marriages, with the ABSL and Kata Kolok parameter settings, at least 5% of the hearing

population must initially carry a recessive allele for the sign language to persist. With

the baseline model and parameters, more hearing carriers of the recessive allele are

required for the sign language to persist.

Figure 3.10: The effect of the proportion of hearing agents carrying the recessive allele

on the proportion of signers in the population with the baseline (A), ABSL (B) and Kata

Kolok parameters (C) over all generations. The dark line represents the median at each

time step and the shaded area represents the first and third quartiles.
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Chapter 4

The effect of sociolinguistic

factors on lexical variation in

Kata Kolok

Preface

Here I present a picture description experiment and analysis of Kata Kolok signers.

This chapter was designed and conducted with the goal of partaking in a special issue

on Macro and micro-social variation in Asia-Pacific sign languages edited by Nick Pal-

freyman, published in Asia-Pacific Language Variation. The project consisted of a close

collaboration between members of the FWO-NWO project "The emergence of phonol-

ogy within six generations" awarded to Bart de Boer, Paula Fikkert, and Connie de Vos.

Hannah Lutzenberger (PhD student at Radboud University, Nijmegen) and I were the

lead authors, supported by our supervisors, Paula Fikkert, Onno Crasborn, Connie

de Vos and Bart de Boer. Hannah Lutzenberger and I designed the study, alongside

Connie de Vos. Hannah Lutzenberger and local research assistants in the Kata Kolok

community conducted the experiment. The data was transcribed by Hannah Lutzen-

berger and me. The analysis was designed by Bart de Boer, Hannah Lutzenberger and

103
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me. I conducted the analysis of the experiment. Hannah Lutzenberger and I wrote the

article, and all members of the collaboration gave feedback1. This chapter of the thesis

is mostly identical to the Asia-Pacific Language Variation journal article, with minor

edits. The annotated responses of participants, sociolinguistic information and analysis

files can be found at https://doi.org/10.6084/m9.figshare.12272588.v1

The original contribution of this chapter is that it is one of the first quantitative

studies of lexical variation in a shared sign language with a large sample of deaf

and hearing signers. In addition, I present novel quantitative methods to explore

variation when hypotheses about what governs variation are not clear or may consist of

overlapping factors.

Mudd, K., Lutzenberger, H., de Vos, C., de Boer, B., Fikkert, P. & Crasborn,

O. (2020). The effect of sociolinguistic factors on sign variation in the Kata

Kolok lexicon. Asia-Pacific Language Variation. 6(1), 53-88. https://

doi.org/10.1075/aplv.19009.mud

Abstract

Sign languages can be categorized as shared sign languages or Deaf community sign

languages, depending on the context in which they emerge. It has been suggested that

shared sign languages exhibit more variation in the expression of everyday concepts

than Deaf community sign languages (Meir et al., 2012). For Deaf community sign

languages, it has been shown that various sociolinguistic factors condition this variation.

This study presents one of the first in-depth investigations of how sociolinguistic factors

(deaf status, age, clan, gender and having a deaf family member) affect lexical variation

in a shared sign language, using a picture description task in Kata Kolok. To study

lexical variation in Kata Kolok, two methodologies are devised: the identification of

signs by underlying iconic motivation and mapping, and a way to compare individual

repertoires of signs by calculating the lexical distances between participants. Alongside

1Conceptualization by CdV, HL and KM; experiment conducted by HL; annotation by KM and HL; analysis

designed by KM, BdB and HL; analysis by KM; visualization by KM; writing—original draft preparation by KM

and HL; writing—review and editing by KM, HL, CdV, BdB, PF and OC.

https://doi.org/10.6084/m9.figshare.12272588.v1
https://doi.org/10.1075/aplv.19009.mud
https://doi.org/10.1075/aplv.19009.mud
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presenting novel methodologies to study this type of sign language, we present prelimi-

nary evidence of sociolinguistic factors that may influence variation in the Kata Kolok

lexicon.

4.1 Introduction

Linguistic variation occurs in spoken and sign languages (Valli & Lucas, 2000). In sign

language research, a prominent topic of study has been variation at the lexical level,

specifically how signers of various sociolinguistic groups systematically use different

lexical variants. Yet unanswered is how the sociolinguistic setting and use of a sign

language may affect lexical variation.

Sign languages have emerged in a variety of contexts. For instance, sign lan-

guages have emerged in communities of different sizes, with different proportions of

deaf and hearing signers and with different causes (genetic or other) of deafness (Meir

et al., 2010). The context of sign language emergence has been claimed to affect its

linguistic properties, such as the degree of lexical variation in a language (e.g. Meir

et al., 2012). Based on the context of sign language emergence, sign languages can

be classified as Deaf community sign languages or shared sign languages (Meir et

al., 2010; Nyst, 2012). Deaf community sign languages account for the majority of

sign languages and are used predominantly by a large and dispersed group of deaf

individuals, most of whom are born to hearing parents (Mitchell & Karchmer, 2004; Meir

et al., 2010). Shared sign languages emerge spontaneously due to a high incidence of

hereditary deafness and are shared by deaf and high proportions of hearing community

members (Kisch, 2008). Shared sign languages are found in esoteric communities,

characterized by a culturally homogeneous group, with the majority of individuals born

within the community (Wray & Grace, 2007). It should be stressed that there is consid-

erable diversity in these broad categories, and when possible, it is more informative to

consider the makeup of individual sign language communities.

The majority of research into variation has focused on the linguistic properties

and sociolinguistic features of Deaf community sign languages, in which linguistic

variation is often the result of schooling practices (Meir et al., 2010). In the United

States, research has focused on black and white American Sign Language (ASL),
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which are varieties of ASL that have emerged due to race-based school segregation

(McCaskill et al., 2011). In Dublin, gender-based school segregation led to a gendered

Irish Sign Language lexicon, to the point of obscured communication between women

and men (LeMaster, 2006). In addition, age has been shown to condition variation in

several sign languages, including ASL (Lucas, Bayley, & Valli, 2001), Australian Sign

Language (Auslan) (Schembri et al., 2009) and British Sign Language (BSL) (Stamp et

al., 2014). In BSL, younger signers were found to use fewer standard lexical variants

(see Section 4.1.1, for an explanation of standard variant selection) in their region than

older signers, suggesting that leveling (i.e. a reduction of variation) may be occurring,

possibly due to the closure of deaf schools (Stamp et al., 2014). In ASL (Lucas et al.,

2001), New Zealand Sign Language (NZSL) and Auslan (Schembri et al., 2009) region

has been shown to influence sign variation. Furthermore, in a study of Indonesia’s

Deaf community sign language, BISINDO, (Palfreyman, 2019) finds variables in the

grammatical domains of completion and negation that are influenced by region, age and

gender. In Japanese Sign Language, language variation is found in (a) cardinal numbers

where for some numbers formal variation appears to be predicted by age and/or region,

and (b) kinship where younger signers tend to omit a consanguineal marker that older

signers used to indicate blood relations (Sagara, 2016). Finally, Sagara and Palfreyman

(2020) compare the numeral systems of Japanese Sign Language and Taiwan Sign

Language and find that region and age influence variation.

A recurrent claim is that inter- and intra-signer lexical variation is more prevalent

in shared sign languages than in Deaf community sign languages (Meir et al., 2010,

2012), though the amount of lexical variation has not been systematically compared

on a large scale across these categorizations of sign languages. For instance, it has

been observed that there is more lexical variation in the young, shared sign language

Al-Sayyid Bedouin Sign Language (ABSL) than in the young, Deaf community sign

language Israeli Sign Language (Meir et al., 2012, p. 276). Both of these sign languages

emerged around the same time, in the 1930s (Meir et al., 2012).

In ABSL there is variation in everyday concepts such as onion, morning, tomato

and cat. For instance, as shown in Figure 4.1, there are three signs for cat each with

a different iconic origin: a cat’s whiskers, a cat meowing and a cat eating (Meir et

al., 2012). In addition, a comparison of lexical variation in the shared sign language



4.1. Introduction 107

Figure 4.1: Three lexical variants for cat in ABSL (figure from Meir et al., 2012, p. 276

with permission from Wendy Sandler)

Providence Island Sign Language (PISL) and the Deaf community sign language

ASL further illuminates differences in the amount of lexical variation which may be

characteristic of these two types of sign languages. In a lexical elicitation study with five

signers, Washabaugh (1986) found that 70% of everyday concepts have more than two

variants, providing preliminary evidence that PISL is not highly uniform. Washabaugh

(1986) conducted the same study with five ASL users and found that a minority of

concepts elicited more than two variants (28.6%). Hence, there exists some evidence

that shared sign languages may exhibit more lexical variation and less uniformity than

Deaf community sign languages. As stated, there are significant differences between

sign languages within each category; in comparing the two mentioned shared sign

languages, one distinguishing factor is the social structure of the communities, namely

the density of signers: for the PISL community is sparser than the ABSL community.

Lexical variation in PISL and ABSL provide preliminary evidence of heightened variation

in shared sign languages, but this finding should be interpreted with caution considering

the small sample sizes in these studies and the considerable demographic variability in

the category of shared sign languages.

Why might shared sign languages exhibit more variation than Deaf community

sign languages? The noted relationship between linguistic properties and commu-

nity size is not new, with researchers positing that smaller communities tolerate more

linguistic variation than large communities (e.g. Wray & Grace, 2007; Trudgill, 2015).
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Specifically for shared signing communities, Meir et al. (2012) consider the shared

social and psychological information, or common ground, to alleviate the pressure for

linguistic convergence. Meanwhile, for Deaf community sign languages, it is beneficial

for the language to exhibit a high degree of uniformity because of the large number of

communicative partners, including strangers (Meir et al., 2012), and because these lan-

guages are often formally taught. Previous computational models showed that smaller

communities should converge more quickly on linguistic features (e.g. Baronchelli et al.,

2006). However, a recent computational model by Thompson et al. (2020) suggests

that the high degree of variation present in smaller populations can be accounted for

by memory limitations; in small, close-knit populations, a higher degree of variation

is tolerated because individuals can remember others’ idiolects, as posited by de Vos

(2011). Hence, one may hypothesize that the amount of lexical variation present in

shared sign languages is in part related to the type of community structure.

Previous studies of variation in shared sign languages have sought to quantify

the amount of lexical variation present in the language, but it remains unanswered

how this variation within the language is conditioned. Are shared sign languages and

Deaf community sign languages conditioned by the same social variables? As these

categorizations are extremely broad, it is more informative and more precise to ask

which features of a signing community shape lexical variation, and what lexical dispersal

patterns in young sign languages can tell us about the processes that lead to their

emergence. In the present study, we conduct one of the first in depth investigations into

how the lexicon of a shared sign language – specifically, Kata Kolok – is shaped by

sociolinguistic factors.

4.1.1 Methodological issues

In order to study lexical variation, researchers have commonly used the method of

sublexical parameter comparison, in which contrastive features such as location and

movement are recorded as identical, similar or different to the features of other signs

(e.g. D. McKee & Kennedy, 2000). Hence, the majority of previous research has focused

on identifying phonological differences within the lexicon. An early study using this

approach investigated lexical variation in five signers and four dictionaries from different
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areas to confirm that Mexican Sign Language is a single language (Bickford, 1991).

Later studies compared the recorded phonological features to an identified stan-

dard variant using multiple logistic regression analysis. For instance, in a study of lexical

variation in BSL, Stamp et al. (2014) determine a standard variant for each region using

two sources: (a) variants from BSL teaching resources and variants chosen in an

earlier BSL study (Woll, Allsop, & Sutton-Spence, 1990), and (b) variants produced by

elderly signers that were confirmed to be the standard variant by a local deaf community

fieldworker in each region. Subsequently, the lexical variant used by each participant in

a given region is compared to the lexical variant deemed as the standard variant for

that region. The comparison between the produced variant and the standard variant is

coded as binary across all participants, recording if the produced variant is the same

as or different from the standard variant.

This type of analysis is not well suited to study lexical variation in shared sign

languages for several reasons. First, sublexical parameter comparison requires the

identification of phonological parameters in a sign language. To date, there have not

been many in-depth studies of the phonology of shared sign languages. There has

been a study of phonology for ABSL, in which authors claim that it lacks minimal pairs

and conclude that phonology is incipient in ABSL (Israel & Sandler, 2011). For Kata

Kolok, an investigation into the possibility of contrastive features, and exactly which

features are contrastive, is currently underway (Lutzenberger, de Vos, Crasborn, &

Fikkert, in press). Second, it is not straightforward to identify a standard variant for Kata

Kolok because it is not clear that a set of lexical items is associated with a particular

group of signers, a necessary step if following the methods of previous lexical variation

studies that use multiple logistic regression analysis. Regional and age-related changes

have enabled the categorization of signs in Deaf community sign languages, but such

changes are not immediately relevant in the Kata Kolok community. In previous studies,

region was considered on a much larger scale (e.g. different regions in Australia and

New Zealand in Schembri et al., 2009); the Kata Kolok community is much smaller

geographically. As all Kata Kolok signers live relatively close together and frequently

interact regardless of their age, age-related differences are not anticipated. Finally,

multiple logistic regression requires a binary comparison; previous studies compared a

standard variant for a given group to the variant produced by participants in the study.
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Hence, this statistical analysis does not capture the full degree of variation present in a

language if it has more than two variants per lexical item. As previously stated, a high

degree of inter-individual lexical variation is observed in shared sign languages, such

as PISL (Washabaugh, 1986) and ABSL (Meir et al., 2012), so limiting the analysis to

a binary variable may yield an unwanted reduction in our analysis of lexical variation.

In short, the method of sublexical parameter comparison requires the identification of

contrastive phonological units. Sublexical parameter comparison could potentially be

analyzed in a number of ways. Previous studies have used a multiple logistic regression

which is not an appropriate analysis for studying lexical variation in communities with a

large amount of inter-individual variation.

Notably, several small-scale studies have investigated lexical variation in shared

sign languages without using sublexical parameter comparison. Osugi, Supalla, and

Webb (1999) studied lexical variation in an "assimilated signing community" on the island

of Amami O Shima in southern Japan. They used a lexical elicitation task with three

groups of participants, based on geographical proximity, meaning that social interactions

were frequent within each group but not necessarily across groups. Each group was

lexically internally consistent to varying degrees (Osugi et al., 1999). Furthermore,

Reed (2019) studied 12 deaf people living in the Nebilyer/Kaugel region of the rural

Papua New Guinea highlands. She calls this group a "regional sign network", which

has weak sign ties between individuals in a larger network of predominantly hearing

people. To study lexical differences, Reed (2019) identifies variants using sign base

comparison, that is, by iconic base. She finds that signers with closer proximity to each

other geographically are also more lexically similar. Finally, Hartzell et al. (2019) use the

same technique of classifying signs based on iconic prototype to study lexical variation

in Central Taurus Sign Language (CTSL). In their study of lexical variation of common

objects, fruits and vegetables, CTSL signers show complete uniformity on two lexical

items, while the other nine lexical items studied range from having two to 13 variants. A

notable exception of identifying lexical variants using a sign’s iconicity (alongside its form

and meaning) in a Deaf community sign language is from the documentation of lexical

structure in German Sign Language (DGS) by Konrad (2013). In the present study,

we devise a methodology that takes into account the underlying iconic motivation and

mapping of a sign (see Section 4.2.4), which is similar, if not identical to aforementioned
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methods which make use of a sign’s iconicity. We implement this method to circumvent

issues which would have resulted from using sublexical parameter comparison analyzed

with multiple logistic regression. Instead of an analysis requiring participants’ responses

to be reduced to a binary variable, we consider the lexical distance between all pairs of

participants in our study to see if sociolinguistic factors predict lexical distance.

4.1.2 Kata Kolok and its lexicon

Kata Kolok is a sign language that emerged spontaneously in a village community in

North Bali, Indonesia, due to a high incidence of hereditary deafness. In a community

of 3,032 inhabitants, currently 1.02% are deaf (Lutzenberger, 2021). The majority of

the inhabitants of the Hindu village run small, local businesses or earn their living from

day-labor or subsistence farming of crops like cassava, rice, and turmeric. Socially,

inhabitants belong to one of the ten village clans (dadya). Clan membership of women

changes after marriage along patrilineal lineage. Hence, a woman will transfer into

the husband’s clan through marriage. In the village, deafness has occurred across all

village clans (see Figure 4.2).

Besides clan membership, family compounds play an important role in determin-

ing social interactions. Kin of several generations live together in groups of houses

creating a courtyard. These are often used for socializing and communal work, such as

preparations of offerings for religious ceremonies.

The emergence of Kata Kolok dates back at least six generations (de Vos, 2012b;

Winata et al., 1995). Kata Kolok is used in all contexts of daily life among the deaf

as well as by a large proportion of hearing signers (de Vos, 2012b). Based on a

village-wide survey, Marsaja (2008, p. 96-100) establishes that at least 57% of the

village community has signing skills in Kata Kolok. Among the hearing signers, most

are of lower fluency and all deaf signers are considered to be fluent signers of Kata

Kolok. In addition, there is a gender effect on fluency: more men are fluent signers than

women, attributable to social interaction patterns, resulting from the strong patrimonial

cultural system which provides more opportunities for men to partake in public activities,

leave the home and interact with outsiders than for women (Marsaja, 2008).

Having emerged as an isolate, without contact with BISINDO, Kata Kolok shows
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Figure 4.2: Deaf people across the village clans in the Kata Kolok community (figure

from de Vos, 2012b, p.27).
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some typologically unusual patterns, such as an absolute Frame of Reference and

an enlarged signing space (de Vos, 2012b). In the lexicon, Kata Kolok possesses a

strikingly smaller set of lexicalized signs for color and kinship terminology than the

surrounding spoken language, Balinese, yet Kata Kolok has an extensive counting

system (de Vos, 2012b). de Vos (2012b) takes this as evidence that sharing the same

culture does not necessarily lead to linguistic similarity. In a study of color categories in

Kata Kolok, color terms were elicited using 80 color chips from the Munsell color chart

(see Majid & Levinson, 2007; Majid et al., 2018) from eight deaf Kata Kolok signers,

revealing that Kata Kolok signers use four lexicalized color signs for the basic colors

black, white, red and grue, a category combining green and blue shades. In addition,

Kata Kolok signers exhibit a variety of strategies to describe colors: searching for and

pointing to the matching color in their environment (e.g. on shirts) and referring to a

prototypical object of this color (e.g. BANANA for yellow). With four conventionalized

color signs, the color term inventory of Kata Kolok is rather small (de Vos, 2011; Berlin

& Kay, 1991). Spoken Balinese has a fully lexicalized system with more than double the

number of color terms than Kata Kolok (de Vos, 2012b) and a preliminary study of color

terms in BISINDO reports that many color terms are conventionalized, detailing 11 color

terms which exhibit varying degrees of lexical and phonological variation (Palfreyman,

2016). Clearly, Kata Kolok has not simply adopted the linguistic structures of the

surrounding and preexisting environment. Rather, Kata Kolok signers have developed

their own system without major external influences.

Kinship terminology in Kata Kolok is more restricted in number of terms and

more general in its application of the terms than in Balinese (de Vos, 2012b). A

corpus investigation was used to identify the four lineal kinship terms GRANDPARENT,

MOTHER, FATHER, and OFFSPRING. To specify and hence to disambiguate the referent,

GRANDPARENT or OFFSPRING can be followed by the signs male or female. Non-lineal

relatives are referred to by the sign SAME. With four kinship terms, Kata Kolok does

not only have fewer lexicalized terms than spoken Balinese but also is located at the

lower end of the size of kinship term inventory spectrum across different languages

(de Vos, 2012b). Once again, this shows the independent development of structure in

Kata Kolok. Limited color and kinship terminology have been observed in other sign

languages emerging in enclaves with high congenital deafness as well, for example in
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PISL (Woodward, 1989), Ban Khor Sign Language in Thailand (Nonaka, 2004), and

Adamorobe Sign Language in Ghana (Nyst, 2007), and may well be a characteristic of

shared sign languages.

4.2 Methodology

4.2.1 Participants

In order to understand how sign variation is influenced by sociolinguistic factors, par-

ticipants with varied sociolinguistic profiles were sampled. Our sampling focused on

maximizing the number of deaf participants, of different age groups and from different

clans. Hence, some intersections of sociolinguistic groups are more strongly repre-

sented than others. Some groups could not be sampled because they do not exist

(e.g. deaf individuals in clan 9) or no longer live in the village, and other groups are not

represented because of our limited sample size.

The age groups represented in this study are young (14–31), middle-aged (33–53)

and older (56–71). Due to the type of community at hand, a small community and hence

a limited pool of participants from which to sample, some hearing participants were un-

der the age of 18. For signers under the age of 18, parents approved their participation

in the study. The youngest signer in our study was 14. Previous studies focused on how

geographical location on a large scale affects sign variation (e.g. Schembri et al., 2009).

Here, we study geographical location on a much smaller scale, within the Kata Kolok

community, by considering the clan a signer belongs to (also studied by Marsaja, 2008).

Finally, we were interested to see if deaf and hearing people use different variants.

Other sociolinguistic factors that were not explicitly taken into account when

sampling but were recorded are gender and if an individual is part of a deaf family (i.e.

if an individual resides in a family compound consisting of one or more deaf individuals).

In other words, we wanted to sample both women and men, and individuals in a deaf

family and individuals that are not in a deaf family, but we were not strict about having

matched group sizes. Following research from Marsaja (2008) on the Kata Kolok

community and claims about how social structure affects variation, we investigate if

the women exhibit more in-group variation than the men, as the latter have input from
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Table 4.1: Participant demographic information by age: young (Y), middle-aged (M) and

older (O). N refers to the number of participants in that age category.

Clan Deaf Gender Deaf family

Age N 1 2 3 4 5 6 7 8 9 10 Yes No F M Yes No

Y 13 5 1 1 3 0 1 1 1 0 0 5 8 5 8 8 5

M 20 4 2 2 4 0 1 4 3 0 0 10 10 11 9 16 4

O 13 3 2 1 1 0 2 1 2 0 1 5 8 5 8 8 5

Total 46 12 5 4 8 0 4 6 6 0 1 20 26 21 25 32 14

more sources in their involvement in public activities, more possibilities to interact with

outsiders, and so forth (Marsaja, 2008). Because family members of deaf people have

frequent exposure to Kata Kolok from their deaf family members, it is probable that the

sign variants used by individuals in a deaf family are more aligned than with individuals

not in a deaf family. The demographic characteristics of participants analyzed in this

study are summarized in Table 4.1.

4.2.2 Data collection

Four research assistants worked with Lutzenberger to recruit participants in the com-

munity, two of whom have been working with researchers on studying Kata Kolok prior

to this project and two were recruited for the first time. First, a fluent hearing Kata Kolok

signer in his 60s who is a teacher at the local primary school including the deaf unit

and often functions as spokesperson of the deaf, helped in identifying and recruiting

hearing participants. Second, a young deaf research assistant from generation five and

member of a multigenerational deaf family in the village functioned as addressee during

the picture description task and led the interview. Both of these research assistants

reside in the village and have worked fruitfully with Lutzenberger and de Vos for several

years. The two newly recruited assistants and Lutzenberger helped to mediate between

spoken Indonesian, Balinese, Kata Kolok and English with hearing participants for

informed consent and instructions.

All 46 participants were videotaped for the study. Sessions were recorded in
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a house under construction that was at the time not being worked on, owned by the

older research assistant. The room was equipped with a blue cloth to ensure a neutral

background, a carpet, a small stool and a table. Participants could choose to sit on the

floor or on the small stool on the right side of the slightly higher object on which the

laptop was placed and adjusted accordingly. At the start of each session, one research

assistant and Lutzenberger, facilitating the session, guided participants through an

information sheet and a consent form. More specifically, for the hearing participants a

hearing research assistant went through the consent form in written Indonesian and

explained and translated content where necessary (due to illiteracy, bad eyesight, or

insufficient information) into spoken Balinese. For deaf participants, Lutzenberger

explained the consent form in Kata Kolok, and these participants are familiar with the

procedure from working with de Vos and Lutzenberger from 2007 and 2014, respectively.

In both cases, Lutzenberger was present in the room to answer questions and clarify

uncertainties. Once participants understood the documents, they either signed or

gave their thumbprint on the form. With the help of a research assistant, hearing

participants then proceeded to provide sociolinguistic information about themselves

(see Appendix A). For deaf participants, the sociolinguistic information was completed

from (a) Lutzenberger’s knowledge from observations and informal conversations during

field trips, and (b) the older research assistant’s knowledge of the community. Part

of the sociolinguistic information consisted of describing one’s interactions with deaf

individuals (see Appendix A, question H2), which is used for the social network analysis.

From there, participants were shown an example of what they would be asked to do in

the picture description task. Participants were instructed to look at the picture on the

laptop and sign what is in the picture. During the task, the research assistant controlled

the laptop, and asked participants WHAT POINT for each stimulus. Other than this, no

explicit instructions were given.

This study contains three components: a picture description task of the lexicon, a

sentence repetition task and gathering additional sociolinguistic information about Kata

Kolok signers. The sessions followed a slightly different protocol for deaf and hearing

participants. For deaf participants, the elicitation task was embedded in a larger set of

lexical elicitation tasks using pictures and real objects, which was part of a separate

study. The sentence repetition task was completed last by most deaf participants.
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No interview was conducted to determine their signing fluency as all deaf people

are considered to be highly skilled and native signers (also following Marsaja, 2008).

For hearing participants, all sessions consisted of three parts: a short sociolinguistic

interview, the elicitation task, and a sentence repetition task. Each session started with

a short interview about basic daily routines to ease up participants who are not familiar

with the lab setting and to determine the fluency of participants (see Appendix B for

interview questions). The fluency scale is High, High-Medium, Medium, Medium-Low

and Low, assigned through the judgment of the short interview by Lutzenberger who

was observing the interaction. Further, for each interview question, a note was made

regarding whether the question was answered and whether it was a long or a short

answer, which was intended to validate the overall rating. While rating by a native signer

would normally be expected to be more reliable, in a small language community like

the one that uses Kata Kolok it would be more difficult to do this objectively as social

relations, social structures and interaction patterns are at play as well. Despite having

planned to have three independent people giving ratings (Lutzenberger, a hearing and

a deaf signing research assistant), this did not work for several unforeseen practical

reasons. Additionally, the sentence repetition task was completed with all hearing

participants. To clarify, though deaf and hearing participants took part in sessions with

different tasks, they were exposed to identical material for the elicitation task.

The picture description task consists of 36 pictures of objects familiar to partic-

ipants which fall into the following categories: animals (cat, dog, chicken, pig, cow,

horse, butterfly, gecko, turtle), food (rambutan, salt, coffee, garlic, rice, mango, dragon-

fruit, chili, palm sugar ), religion (sarong, pray, tridatu – a yarn bracelet with religious

significance, blayag – steamed rice wrapped in a leaf, flower, offering), miscellaneous

items (mobile phone, sandals, cock fight, rice cooker, mandi - a traditional Indonesian

shower, shovel, camera) and colors (black, white, red, yellow). Though de Vos (2011)

does not report that yellow is lexicalized, we were interested to follow up on this result

as there were clear strategies for yellow mentioned in de Vos (2011), such as naming

an object that is typically yellow (e.g. a banana or turmeric) or pointing to a nearby

yellow object. In addition, the previous study was conducted in 2011 so it is possible

that by now a lexical sign for yellow has emerged.

Stimuli in our study consisted of either pictures taken by Lutzenberger in the field



118 Chapter 4. The effect of sociolinguistic factors on lexical variation in Kata Kolok

or pictures found online. It is important to note that in this task stimuli are constrained

by what can be visually represented, and hence no abstract concepts or grammatical

signs are elicited. Pictures to elicit signs were shown to participants using a slideshow

on a Macbook Pro laptop. For all participants, the stimuli were presented in the same

(random) order, as there is no expectation that the order of the stimuli will influence

sign variation. Our stimulus selection was guided by insights into variation from de

Vos and Lutzenberger’s knowledge of variation in Kata Kolok and from ongoing work

documenting Kata Kolok in the lexical database Signbank (Lutzenberger, ongoing).

Stimuli were selected for their expected number of variants, ranging from few or no

variants (e.g. dog) to large numbers of variants (e.g. dragonfruit).

4.2.3 Data transcription

The data of the elicitation task were annotated using the multimodal annotation software

ELAN (Crasborn & Sloetjes, 2008). The growing Kata Kolok dataset in Global Signbank

was used as a reference for the sake of ease of transcription and consistency. ELAN

allows for annotation in tiers. We had the following tiers: an item tier for the stimulus

being described, a right hand tier, a left hand tier, a non-manual marker tier, a mouth

gesture tier, a tier for the research assistant, a comment tier for Mudd, a comment tier

for Lutzenberger and an analysis tier. In the analysis tier, we noted if a participant had

produced a target (see Section 4.2.4 for an explanation of what is considered a target),

multiple targets, an explanation of the stimulus, if a participant did not know the sign

for the stimulus or if a participant did not understand the stimulus. For this study, we

focused on the manual tiers as well as the analysis tier (see example in Figure 4.3).

Signbank is lexical database software that is increasingly used by sign linguists to

create rich datasets of various sign languages by building on similar and hence highly

comparable methodologies (Cassidy et al., 2018). The Kata Kolok dataset, part of

Global Signbank, is being created as part of Lutzenberger’s PhD project (Lutzenberger,

ongoing). Continuously expanding, the Kata Kolok dataset in the Global Signbank

currently contains approximately 1,000 entries of sign variants; these were primarily

collected through spontaneous production and picture elicitations, while others have

been observed in the existing Kata Kolok Corpus (de Vos, 2016) or through previous
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Figure 4.3: Example of ELAN annotation: description of cat by participant KR

elicitation and phonological descriptions. Yet, these are still being enriched, adjusted

and validated with the community and new data are being added.

Mudd used the Kata Kolok dataset in Signbank as a guide for transcription, and

hence the glosses from the Kata Kolok dataset in Signbank were adopted for annotation

in the current project (see examples of glosses in Figure 4.3 and Figure 4.4). For

the Kata Kolok dataset in the Global Signbank, the hyphen followed by a letter is a

gloss used for signs which may refer to the same concept, expressing approximately

the same meaning (e.g. BUTTERFLY-C and BUTTERFLY-D shown in Figure 4.4). In

addition, Lutzenberger created a list of Signbank entry glosses that could be expected

in response to each stimulus. The list contained signs from the same semantic domain

as the sign we selected the picture for. For instance, for the stimulus mandi, the list

contained signs like MANDI, WATER and WATER-TAP. Following this coding scheme,

manual activity was annotated by comparing the signs produced to the sign-gloss

entries in the Kata Kolok SignBank repository.
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Table 4.2: Sociolinguistic factors considered for analysis

Sociolinguistic factor Levels

Deaf status deaf, hearing

Age group young (14–31), middle-aged (33–53), older (56–71)

Clan Tihing/Pulasari (1), Asem (2), Abing/Basta (3), Ceblong/

Gelgel (4), Kanginan (5), Kutuh (6), Kemuning/Santn (7),

Punduh Jero (8), Kinditan (9), Kelod Kauh (10)

Gender female, male

Deaf family member yes, no

4.2.4 Data coding

Table 4.2 shows the factors considered for analysis from the demographic information

recorded. 46 participants responded to all 36 stimuli in the picture description task,

amounting to 1,656 trials, one trial being the sign(s) produced in response to a given

stimulus by a single participant. The majority of signs produced by participants were

annotated. Some longer responses (e.g. a participant telling a lengthy anecdote) were

not fully annotated. In response to stimuli, the average number of signs produced

across participants and stimuli was 2.56. The verbosity of participants varied (i.e. the

number of signs produced per participant) (M=2.55, SD=1.28, min=1, max=5.92) and

some stimuli tended to elicit longer descriptions than others (i.e. the number of signs

produced per stimulus) (M=2.57, SD=0.69, min=1.53, max=4.26).

After coding, we removed the color stimuli (black, white, red, yellow) (n=184), as

they were confusing to participants. For example, when seeing the stimulus black, some

participants thought the computer was having technical difficulties. We also removed

the following trials that were not suitable for analysis: when a participant did not know

the sign for the stimulus, when the participant did not understand the stimulus and

when the participant did not produce a valid target. Valid targets are variants that are a

relevant description of the stimulus and that are attested with three or more participants

as a response to the stimulus. Requiring at least three participants to produce a variant

was an arbitrary threshold we used, implemented with the goal of excluding gestures

and idiosyncratic signs. Targets that were part of an explanation or anecdote were
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considered valid for analysis; for example, as shown in Figure 4.3, participant KR

describes the stimulus cat, which is a picture of a lounging cat, by producing CAT-A

SLEEP CAT-A. For analysis, just CAT-A is considered. A total of 149 trials were removed

which were considered not suitable for analysis.

Prior to analysis, variants with the same underlying iconic motivation and mapping

were treated as a single lexical variant for analysis. Signs often exhibit iconicity (i.e. a

motivated relation between form and referent), but different features from the referent

can be selected (Klima & Bellugi, 1979). Once a feature is selected from a referent

(e.g. the wings of a butterfly), different types of iconic mappings can be applied (see

also Figure 1 in Emmorey, 2014). For instance, Hwang et al. (2017) identify three

types of iconic mappings based on the mapping of a feature to the body and the

hands: manipulation, the upper half of the body represents a human; personification, a

non-human body is mapped onto one’s body; and object, the hands represent static

features and are separate from the rest of the body.

As shown in Figure 4.4, for example, all three variants produced to describe

butterfly have the same underlying iconic motivation as they represent the wings of a

butterfly. Variants BUTTERFLY-C and BUTTERFLY-D share the same mapping, namely

using the hands to represent the wings of a butterfly, employing the object strategy.

Thus, BUTTERFLY-C and BUTTERFLY-D are treated as a single lexical variant, BUTTERFLY-

CD, for analysis. Meanwhile, BUTTERFLY-A employs the personification method, in which

aspects of a non-human entity are mapped onto the human body. As BUTTERFLY-A

and BUTTERFLY-CD have different underlying iconic motivations, these are the lexical

variants that we consider for analysis for the stimulus butterfly.

Collocations, or signs that occur together frequently, were identified when coding

the data and these were analyzed as compounds and thus treated as a single lexical

variant for analysis if they were produced more than three times in the same way. For

example, in response to the stimulus palm sugar, participants often produced CANDY

and BREAK. CANDY and BREAK when occurring together, irrespective of the order,

were treated as a single lexical variant, CANDY-BREAK, for analysis, for the stimulus

palm sugar. To clarify, following this example, if CANDY and BREAK were produced in a

sequence but not directly following each other, they would be considered as individual

signs for analysis.
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Figure 4.4: Variants produced for the stimulus butterfly : BUTTERFLY-A (left), BUTTERFLY-

C (middle) and BUTTERFLY-D (right). BUTTERFLY-C and BUTTERFLY-D are treated as

BUTTERFLY-CD for analysis as they have the same underlying iconic motivation (i.e. the

wings of a butterfly) and mapping (i.e. onto the hands). BUTTERFLY-B is not shown, as

it was not produced by participants in this study.

After classifying variants by underlying iconic motivation and mapping and de-

termining compounds, four stimuli (blayag, cat, cow, dog) had only one variant and

thus were removed prior to data analysis (n=156). After removing the colors, stimuli

eliciting only one variant and trials not suitable for analysis, 1,166 trials were analyzed,

consisting of 28 stimuli.
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4.2.5 Data analysis

In the analysis, we focus on the first variant produced by a participant, despite partici-

pants typically producing a string of signs often embedded in descriptions, anecdotes,

etc. We make this choice because it is easier to analyze and we consider the first

variant to be most salient, as will be elaborated upon in the discussion (Section 4.4). To

understand how Kata Kolok sign variation is shaped by sociolinguistic factors, we apply

two methods: entropy and lexical distance. Entropy is used to measure the amount

of consistency in a group (see Section 4.3.2). This measure takes into account the

number of variants and also the distribution of the variants in a group. Here, entropy is

calculated for each stimulus for different sociolinguistic groups. Entropy (H) is calculated

over the percentages produced for each variant (x), given as

H = −
∑

p(x) log2 p(x).

and is summed over all variants produced for a stimulus per sociolinguistic group.

Low entropy would indicate that a group produces the same sign for a stimulus. High

entropy would indicate that a group produces different signs for a stimulus. Once an

entropy score is calculated per stimulus and per group, a mean score over all stimuli is

calculated.

In the second method, we calculate the lexical distance between all pairs of

participants, a method also used by Bickford (1991) and Reed (2019). Lexical distance

is a score from 0 to 1, with 0 indicating that two participants have produced the same

variants for all signs and 1 indicating that two participants have produced different

variants for all signs. In order to calculate the lexical distance between two participants

in our sample, we take the intersection of stimuli valid for analysis by both participants.

Stimuli for which participants produce different lexical items are counted and then

divided by the total number of stimuli compared. After repeating this process for all

participants in our sample, we produce a lexical distance matrix in which the distance

between all participants is stored. With the lexical distance matrix, we then use

multidimensional scaling (MDS) in order to visualize the distances between participants

in our dataset. Using this technique, we translate the distance matrix onto a two-

dimensional space, with each point representing a participant, allowing us to visualize

which sociolinguistic hypotheses were borne out. Additionally, with the collected social
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Table 4.3: Variants produced

Category 1 or 2 variants 3 or 4 variants 5-9 variants

Animals cat(1), cow(1), dog(1), pig, turtle, cock-fight,

butterfly, chicken gecko, horse

Food rice tea, rambutan, mango, dragonfruit, garlic,

chili, salt, coffee, rice cooker

palm sugar

Religious blayag(1) ceremony, flower sarong, offering,

tridatu-bracelet

Miscellaneous shovel sandals, phone mandi, camera

network data, we used a Mantel test to investigate if the lexical distance between deaf

participants correlated with their social network.

4.3 Results and interpretation

4.3.1 Quantifying lexical variation

Like we discussed in Section 4.1, previous studies have reported a high degree of

lexical variation among everyday concepts in the shared sign languages ABSL (Meir

et al., 2012) and PISL, where the majority of everyday concepts have more than two

lexical variants (Washabaugh, 1986). Our study of sign variation in the shared sign

language Kata Kolok also finds a high degree of variation, with 75% of stimuli in our

study eliciting more than two variants. Four stimuli (cat, cow, dog, blayag) produce

a uniform response from all participants. Hence, despite the high degree of variation

in most responses, we find there is sample-wide consistency in responses to certain

stimuli. Table 3 shows the number of variants elicited per stimulus in the study.
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The stimuli chosen for our study should not all be considered everyday concepts.

We posit that signers are familiar with these, but do not use them daily. Thus, the high

degree of variation reported in this study may partially be due to the stimuli selection,

in which some stimuli, such as the religious ones, do not occur in daily conversation

yet are prominent aspects of the lives of Kata Kolok signers. Further, in contrast to

previous studies, the present study included both deaf and hearing signers from the

Kata Kolok community. Hence, it could be that the amount of variation observed stems

from differences between these groups. We investigate this possibility in the following

section.

4.3.2 Entropy - a measure of variation

Israel and Sandler (2011) used the mode and spread of variants in order to study

phonological variation in three sign languages. They found that the amount of sublexical

variation in these languages correlates with the age and social setting of a sign language.

Along similar methodological lines as Israel and Sandler (2011), we also consider the

mode and spread of variation using entropy. Using entropy as a measure to study

variation, no significant differences were found between groups of the sociolinguistic

variables reported in this study (see Table 4.2). Despite the null result, we wish to

elaborate on this method as the focus of the current article is largely on methodological

challenges in studying lexical variation, and future researchers of lexical variation are

likely to consider this measure for analysis. In this section, we focus on deaf and hearing

participants in order to illustrate why using entropy as a measure to capture lexical

differences in the current study is not suitable. Though we focus on deaf/hearing status

here, other sociolinguistic factors (e.g. gender and age) follow the same reasoning.

As shown in Figure 4.5, there appears to be little difference in entropy over stimuli

between deaf and hearing participants, confirmed by a Wilcoxon Signed-Rank test

which indicated no significant difference between entropy scores of deaf and hearing

participants across stimuli (Z=144, p=0.18).

An example of entropy with deaf and hearing participants illustrates that entropy

is not a well-suited measure to capture lexical variation in the present study, because it

does not capture qualitative differences in sign production. We highlight two stimuli, of-
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fering and palm sugar (Figure 4.6 and Figure 4.7, respectively), where deaf and hearing

participants approach the task differently. In both cases, deaf and hearing participants

tend to produce somewhat internally consistent signs. For the stimulus offering, hearing

participants produced five variants, predominantly PRAY or the collocation PRAY and

PRAY-CL, a depicting sign referring to the general shape of the offering positioned in

front of their crossed legs. These descriptions are arguably semantically underspecified

descriptions of the stimulus offering, depicting the size and shape of the object. In

contrast, deaf participants produced six variants, including signs for offering produced

with various underlying iconic motivations which were often combined with PRAY to form

a compound. While the number of variants is similar, the variants themselves show a

different approach to representation. One interpretation is that the description produced

by deaf participants are more specific descriptions of the stimulus than the descriptions

produced by hearing participants. The entropy scores for this stimulus reveal that there

is more variation overall within the deaf group than within the hearing group, as here

deaf participants have produced six variants for offering, with no dominant variant.
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Figure 4.5: Entropy of deaf and hearing participants for each stimulus. Points closer

to the x-axis have a higher entropy (i.e. more variation) in the deaf group and points

closer to the y-axis have a higher entropy in the hearing group. The line is fitted to the

points, indicating that there is no significant difference in entropy over all stimuli (Z=144,

p=0.18).
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Figure 4.6: Deaf and hearing participant first target responses to the stimulus offering

Figure 4.7: Deaf and hearing participant first target responses to the stimulus palm

sugar

Second, for the stimulus palm sugar, hearing participants produced four variants,

but the majority produced CANDY-B, which is a sign used to refer to sweetness. Deaf

participants produced three variants, of which the most frequent was CANDY-BREAK (a

compound discussed in Section 4.2.4), arguably a more specific description of the food



4.3. Results and interpretation 129

than the description produced by the hearing participants. For this stimulus, the two

groups are internally consistent, with each group favoring one variant.

Using entropy as a measure, the groups show similar amounts of group-internal

consistency for the stimulus palm sugar. Yet, entropy does not account for the quali-

tative differences in signs produced between these groups; a future study will further

investigate the types of iconic signs that deaf and hearing participants produce in detail.

To investigate how the Kata Kolok lexicon is shaped it is crucial to account for the

different variants that participants produce.

Studies of several sign languages have found the lexicon to be conditioned by

age. For instance, Stamp et al. (2014) have shown leveling, or a reduction of variation,

in younger BSL signers. For Kata Kolok, we did not have a clear prediction about the

effect of age on lexical differences, as it is common for people to spend time in family

compounds, and thus around individuals of all ages. A suitable way to study leveling is

to look at entropy scores across age groups. Evidence of leveling from entropy scores

would be found if the young age group exhibited lower entropy (i.e. less variability) than

the older age group. We use a Wilcoxon Signed-Ranks test and find that there is no

significant difference between entropy scores of young and older participants across

stimuli (Z=104, p=0.07). Hence, in Kata Kolok we do not see evidence of leveling.

Rather, throughout the age groups a similar degree of lexical variation is maintained.

4.3.3 Lexical distance

Lexical distance is a measure that allows us to take into account the variants that

participants produced. It is measured by comparing the variants produced by two

participants. If the distance is 0, participants have the same vocabulary. The vocabulary

of participants consists of the first variant that participants produce for a stimulus.

The lexical distance matrix consists of the lexical distances between all participants.

Table 4.4 provides a subset of the lexical distance matrix showing three participants.

For instance, it is shown that participant JU and HGU have produced similar variants

(lexical distance of 0.26), while HLR and HGU have produced many different variants

(lexical distance of 0.68).

Using MDS, we visualize the distances between participants from the lexical
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Table 4.4: Subset of the lexical distance matrix

HLR HGU JU

HLR 0 0.68 0.64

HGU 0.68 0 0.26

JU 0.64 0.26 0

distance matrix in a two-dimensional visualization (see Appendix D for a discussion of

dimensions and goodness-of-fit with the lexical distance matrix and MDS). Figure 4.8

visualizes the participants showing their participant codes. Participants who have a

short lexical distance (e.g. JU and HGU) appear near each other, while participants

with a long lexical distance (e.g. HLR and HGU) appear further apart on the MDS

visualization. In order to assess the hypotheses of sociolinguistic influence on the Kata

Kolok lexicon, sociolinguistic features of participants are highlighted in the different

plots of Figure 4.9. The participants stay in the same position on all plots, but different

sociolinguistic features are shown.

The most evident result from the sociolinguistic groupings shown in the MDS

visualizations is the lexical differences between deaf and hearing participants. In Figure

9A, deaf participants are clustered towards the upper left corner, while most hearing

participants are clustered toward the lower right corner. To confirm that the lexical

distance within the deaf and hearing groups is smaller than between groups, a logistic

regression was run to assess whether the coordinates of the MDS visualization predict

if a participant is deaf or hearing. We used a model comparison test using analysis

of deviance to compare two models, one with the coordinates as predictors and one

without. The model with the coordinates from the MDS visualization is significantly

better at predicting if participants are deaf or hearing (χ2(2)=29.07, p<0.05). In Kata

Kolok there appears to be evidence that sign variation is conditioned by whether an

individual is deaf or hearing. This is in line with the previous examples of the stimuli

palm sugar and offering. Overall, deaf and hearing groups show preferences for signs

with different underlying iconic motivations and mappings. The specific strategies that

deaf and hearing signers employ will be a topic of further study.
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Figure 4.8: MDS visualization of the lexical distance between participants, with deaf

participants colored in bolded red and hearing participants colored in blue.

Additionally, a K-Nearest Neighbors analysis was used in order to see if neighbors

in the lexical distance matrix share sociolinguistic features. This analysis was conducted

on the original lexical distance matrix, so it is closer to the data than using statistical

methods on the MDS visualization. Here, we check multiple values of k (k=3 and k=5)

which we find to be appropriate values of k given our size of our sample. Typically, this

type of analysis is conducted on a much larger sample, so the results presented here

must be interpreted with caution. For each participant, k participants most lexically

similar to them (‘neighbors’) were identified, and the most common sociolinguistic

feature (deaf or hearing) of k neighbors was compared to the deaf/hearing status of

the original participant. When k=3, we find that hearing participants are accurately

predicted by their neighbors in 18 out of 26 cases (69%), and deaf participants are

accurately predicted by their neighbors in 12 out of 20 cases (60%). To assess if these

outcomes from K-Nearest Neighbors are above chance, we use a binomial test. Our

algorithm finds that the deaf/hearing status of a participant’s three nearest neighbors

does not predict deaf individuals above chance (p=0.18) nor hearing individuals above
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chance (p=0.24). When k=5, hearing participants are accurately predicted by their

neighbors 22 out of 26 cases (85%), and deaf participants are accurately predicted by

their neighbors in 11 out of 20 cases (55%). When k is larger (i.e. more neighbors are

considered), the accuracy of hearing participants is improved, likely because there are

more hearing participants in the sample, so this type of analysis favors them. Using

a binomial test, our algorithm finds that the deaf/hearing status of a participant’s five

nearest neighbors predicts hearing individuals above chance (p<0.05) but not deaf

individuals above chance (p=0.37).
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Figure 4.9: MDS visualizations of lexical distance showing different sociolinguistic

variables. Figure 4.9A shows deaf (D) and hearing (H) participants. Figure 4.9B

shows deaf (crosses) and hearing (dots) participants. The data points are sized by

fluency: the larger the point, the more fluent the signer. Figure 4.9C shows age

groups: young (Y), middle-aged (M), and older (O). Figure 4.9D shows the 10 different

clans to which participants belong. Figure 4.9E shows female (F) and male (M)

participants. Figure 4.9F shows participants in a family with a deaf individual (crosses)

and participants in a family with no deaf individual (dots).
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In shared sign languages, it is typical for hearing people to account for the

majority of the signing population (Meir et al., 2010) and Kata Kolok is no different: the

vast majority of Kata Kolok signers are hearing (over 95%) and are fluent to varying

degrees (Marsaja, 2008). Following Marsaja (2008), we consider all deaf signers in

this study to be in the highest category (High) of our fluency scale. As Figure 4.9B

shows, there appears to be a relationship between fluency and the lexical distance to

a deaf participant: the hearing participants who have a short lexical distance to deaf

participants are mostly fluent signers. It is probable that these individuals spend more

time with deaf people, hence they have a higher sign similarity to deaf people and also

are more fluent signers. The hearing signers are further away from deaf participants

in terms of lexical distance, exhibiting varying degrees of fluency. In order to handle

unknown signs, less fluent signers may improvise, using improvised gesture, rather

than using conventionalized signs. However, as these improvised gestures are not

conventionalized, they would not appear as target variants in our study.

In a study of fluency across the Kata Kolok community, Marsaja (2008) finds that

men tend to be more fluent signers than women, likely resulting from the social mobility

men have. Therefore they have more input opportunities from various signers than

women. Because of this we expect men overall to be more consistent and women to be

lexically similar to fewer individuals. Figure 4.9E shows male and female participants

in our study. From this visualization, it is apparent that more men cluster in the center

than women, while women tend to be distributed around a center grouping of men. A

logistic regression was run to assess whether the coordinates of the MDS visualization

predict if a participant is female or male, using a model comparison test using analysis

of deviance to compare two models, one with the coordinates as predictors and one

without. The model with the coordinates from the MDS visualization is not significantly

better at predicting if participants are female or male (χ2(2)=2.13, p=0.34). We return

to the lexical distance matrix and perform a K-Nearest Neighbor analysis to determine

if one’s gender can be accurately predicted by the gender of one’s neighbors in the

distance matrix. When k=3, we find that men are accurately predicted by their neighbors

in 17 out of 25 cases (68%), and women are accurately predicted in 8 out of 21 cases

(38%). Using a binomial test, our algorithm finds that the gender of a participant’s three

nearest neighbors in the lexical distance matrix does not predict men above chance
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(p=0.23) nor women above chance (p=0.5). When k=5, we find that men are accurately

predicted by their neighbors in 20 out of 25 cases (80%), and women are accurately

predicted by their neighbors in 6 out of 21 cases (29%). Using a binomial test, our

algorithm finds that the gender of a participant’s five nearest neighbors does predict

the men above chance (p<0.05) but women are not predicted above chance (p=0.13).

Hence, when k=5, the similarity of men’s lexicon is detected, reflecting what is shown

in Figure 4.9E.

There is no evidence in our study of an effect of clan on lexical variation. Fig-

ure 4.9D shows the clan that participants belong to, which are ordered by proximity

as shown on Figure 4.2. Table 4.1 shows the demographic information of participants,

showing that some clans are much more prevalent than others in our sample. Here, we

see no effect of clan on lexical proximity. In previous studies, region has been shown to

affect variation (Lucas et al., 2001; Schembri et al., 2009). However, the clan system in

the Kata Kolok community is on a much smaller geographical scale than these previous

studies. Despite the claim from Marsaja (2008) that clan alliances are the strongest

ties in the Kata Kolok community, we find no linguistic evidence of this in our study. In

addition, women relocate to the clan of the husband after marriage. The clan where a

woman lives currently was the only one taken into account, despite if she moved clans

when married. It is possible that women are more linguistically in line with the clan they

formerly were a part of.

Further, how does being a member of a deaf family affect lexical similarity to

deaf participants? In Figure 4.9F, in the lower middle area of the plot there appears

to be a cluster of individuals who are not members of a deaf family. Overall, in our

sample sign alignment does not appear to be predicted by whether individuals are in a

deaf family. What can be seen in Figure 4.9F is that a group of hearing participants

in deaf families (lower right corner) are not lexically close to deaf participants. Finally,

as previously stated, we did not have strong predictions about how age would affect

lexical variation. With regards to lexical distance, as shown in Figure 4.9C, age does

not appear to condition sign variation.

As there is currently no standard analysis for this type of study, here we present

two different statistical methods: a logistic regression on the MDS coordinates and a

K-Nearest Neighbors analysis on the original lexical distance matrix, which both have
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Table 4.5: Subset of the social network matrix

MG JU KI

MG 0 1 2

JU 1 0 2

KI 2 2 0

benefits and shortcomings. We think these approaches can be used to study variation

quantitatively.

In addition to seeing how the previously discussed sociolinguistic factors affect

the Kata Kolok lexicon, we additionally investigate the role of the Kata Kolok social

network – reported social ties between individuals. This may be more informative than

looking at groupings along other sociolinguistic lines due to the close-knit nature of

this signing community. For hearing participants, the deaf participants with whom they

spent time was collected in the sociolinguistic interview (see Appendix A, question H2).

However, in order to see if this correlates with lexical distance in our experiment, we

are lacking data on hearing-hearing social ties. Hence, only the social network of deaf

people was investigated in relation to lexical distance. As deaf participants did not take

part in the interview, their social ties were reported by Lutzenberger (see Section 4.2.2

for more detail). Social ties reported were not always bi-directional, but bi-directionality

is a requirement for using Mantel testing. Thus, even when a one-way social tie was

reported, for analysis, the relationship was considered bi-directional to adhere to Mantel

test requirements.

In coding the social network matrix, the social distance from an individual to his or

herself is 0, to a reported friend is 1 and to an unreported individual is 2. For example,

as seen in Table 4.5, MG and JU are reported to spend time together (social distance

of 1) while MG and KI are not reported to spend a substantial amount of time together

(social distance of 2).

Using the Mantel test, a Pearson correlation was computed to assess the re-

lationship between the social network matrix and the lexical distance matrix of deaf

individuals. There was a significant, but very weak positive correlation between the
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two matrices (r=0.18, n=20, p<0.05), indicating that who individuals spend time with

or report to be close to socially weakly correlates with lexical choices. This analysis

would be improved by better data on interactions between participants and complete

information from the social network of hearing participants.

4.4 Discussion

In the present study, we have investigated variation in the Kata Kolok lexicon. In order to

do so, we attempted to find appropriate methodologies and analytical tools to study this

type of sign language. The majority of previous studies of lexical variation investigated

Deaf community sign languages, which present different affordances than shared sign

languages. Not only may the context of language emergence affect variation (see

de Vos, 2011), but here we have suggested that it also affects how we can study

variation. To determine variants in our study we take into account the underlying iconic

motivation and mapping of a sign, as opposed to previous studies of Deaf community

sign languages which analyze sublexical parameter comparison using multiple logistic

regression (e.g. D. McKee & Kennedy, 2000).

Studies of two Deaf community sign languages which used a sign’s iconicity

in identifying lexical signs are from a study of DGS (Konrad, 2013) and a study of

homesigners in Nicaragua (Richie et al., 2014). Konrad (2013) claims that it is important

to consider a sign’s iconicity when identifying lexical signs to avoid directly mapping the

spoken language lexicon to the sign language lexicon. In addition, a sign’s iconicity can

be reactivated, and often lexicalized signs undergo a process of de-lexicalization and re-

iconization (Konrad, 2013, p.112). Richie et al. (2014) code the homesigner’s individual

gestures using their conceptual component, referring to the iconic representation of

an aspect of a stimuli’s meaning. These two examples, from studies of DGS and

homesigners in Nicaragua, show the value of considering the iconicity of signs in

studies of communities with various configurations.

Several previous studies used multiple logistic regression to analyze sublexical

parameter comparison with the goal of determining what sociolinguistic factors predict

the use of standard variants (e.g. Stamp et al., 2014). The present study could not

apply these same techniques. Sublexical parameter comparison could not be used
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because at this stage, as the study of the possibility of phonology in Kata Kolok is

underway (Lutzenberger et al., in press). Further, previous studies identified standard

variants and analyzed them using a multiple logistic regression analysis. Because there

is no clear group of high-prestige signers in Kata Kolok, it is not evident how to identify

standard variants. Crucially, a multiple logistic regression analysis requires binary input:

comparing variants produced to a standard variant, hence categorizing them as either

standard or non-standard variants. Given the amount of lexical variation recorded in

the present study of Kata Kolok, with some stimuli eliciting up to nine variants, it would

greatly reduce the richness of the data if we had categorized the variants in two groups.

It should be noted that once contrastive phonological units are identified, sublexical

parameter analysis could be used with a different analytical tool (other than multiple

logistic regression) if there is no clear prediction about linguistic groupings (e.g. regional

differences) and a large amount of variation.

In order to study variation in Kata Kolok, first, we calculated the entropy score of

sociolinguistic groups and second, we calculated the lexical distances of the first variant

produced by participants. Using MDS visualizations, we observed the potential effect of

various social factors on lexical distance. To analyze the distances, we performed a

logistic regression with the MDS coordinates. A limitation of using a logistic regression

here is that it is performed on the MDS coordinates, and not on the lexical distance

matrix. Circumventing this issue, we performed a K-Nearest Neighbors analysis with

the original lexical distance matrix to determine if the three and five lexically most similar

participants to another predict a given social factor. This analysis uses the raw data,

but because the sample size is not large, the K-Nearest Neighbors analysis is not used

in a typical way (e.g. no training and test sets). Finally, we compare the lexical distance

matrix to a social network matrix, to see if the two correlate. With only reports of social

ties between deaf participants, this analysis does not encompass the entire sample.

We have therefore presented several new quantitative methodologies to study shared

sign languages, but our study and the measures we applied are not without limitations.

In the picture description task, our stimuli were sometimes confusing to partici-

pants; participants sometimes described other parts of the picture than we intended.

As discussed in Section 4.2.4, color stimuli were particularly confusing to participants

and were thus removed prior to analysis. Further, for linguistic, cultural and educational
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reasons, it is unnatural and at times difficult to ask Kata Kolok signers to produce a

single sign in response to the picture description task. Hence, the majority of trials

resulted in a string of signs, and not a single, isolated variant ready for analysis. To

account for this, we explored ways to consider the full production of a participant for

analysis. Unfortunately, we were unable to conceive of a method to take into account all

of the factors we deem valuable: the verbosity of a participant, the number of signs on

average elicited for a given stimulus, the order of variants produced, the frequency of

variants per stimulus, the number of variants produced for a stimulus and the frequency

of stimuli in real life. We expect that an analysis of multiple variants produced by

participants should consider as many of these factors as possible, somehow weighted.

To truly understand variation in Kata Kolok from the participant responses in this study,

an analysis of the full utterance is necessary. Unfortunately, this is beyond the scope of

the present study.

To elaborate on one point we find critical in understanding variation, we hypoth-

esize that the frequency of a concept will also affect the amount to which it exhibits

variation; the more a concept is discussed, the more conventionalized the form is likely

to be. For example, dog is a concept which occurs in everyday life and we see that it is

uniform across all participants. Other stimuli that participants may interact less with,

such as offering which is only present in religious ceremonies, exhibit more variation.

Thus, this study reports a high degree of variation overall, but it appears that everyday

objects are more conventionalized than reported in previous studies of lexical variation

of shared sign languages. To confirm this, we would need information on the frequency

of different concepts from spontaneous data in the Kata Kolok community.

In this study, we collected fluency data on participants to see if fluency levels

influence variation, and to see how well the sentence repetition task fares with users

of a shared sign language. The sentence repetition task was unsuccessful with the

Kata Kolok signers, in that they did not repeat what was signed in the stem videos, but

rather responded to what was signed. Many psycholinguistic tasks are rather unnatural

to people, especially those who have lower education levels or no previous education

(Speed, Wnuk, & Majid, 2018). In other words, using a sentence repetition task with sign

language communities might be suitable mainly for Western countries with longstanding

traditions of embedded literacy. In addition, a general limitation of this method is its
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dependency on cognitive processes, such as short-term memory. Hence, it is possible

that this method does not capture the fluency of signers but rather tests their ability to

perform in this type of cognitive task. Thus, in order to study fluency in the Kata Kolok

community, a survey approach is most appropriate (as conducted by Marsaja, 2008),

despite how long the task takes.

The nature of this investigation was exploratory and thus we have analyzed many

sociolinguistic variables to observe their effect on sign variation. In our analysis, we have

considered each social factor separately. It is likely that many of these variables interact,

and that some variables account for the variation observed in others. For instance, it

is very likely that deafness, fluency and whether an individual is part of a deaf family

interact. Statistically teasing apart these variables was not tried in the current study,

as the statistical tools to do this are unknown. Future work in shared sign language

communities must continue to seek analytical tools appropriate for understanding

variation. We posit that due to the tight-knit social structures characteristic of shared

sign languages, a fruitful direction for this type of research is in understanding how

social networks and kinship shapes variation. In order to investigate this, it would be

ideal to have social network data on who individuals interact with and how often these

interactions occur across a given community. With this information, it would be possible

to also address what biases shape sign choice, such as frequency bias or prestige bias

(Boyd & Richerson, 1988).

One remaining question is about the nature of the lexical variation observed in

the Kata Kolok community. From the social network analysis in this study and from

fieldwork undertaken by Lutzenberger and de Vos, we know that participants in our

study are frequent communication partners, hence we presume that the vast majority of

variants produced are understood across the community. This raises a question about

the nature of this variation: do Kata Kolok signers use these variants interchangeably

(i.e. productive synonyms or active lexicon) or, are Kata Kolok signers aware of these

variants in a more abstract sense but do not use them (i.e. perceptual synonyms or

passive lexicon)? The current study points to the hypothesis that Kata Kolok signers may

use variants interchangeably, hence as productive synonyms, evidenced by participants

tending to produce a chain of variants to refer to a stimulus. We consider the first variant

to carry meaning as it is retrieved first, indicating what we consider to be a preference
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for that variant. However, as participants often produce many of the identified variants

for a stimulus, our intuition is that a signer may produce one of the many variants they

know in conversation, dependent on the interlocutor, the setting, etc. Because of the

small community size, the participants are frequent communication partners, and thus,

partners are likely familiar with others’ idiolects. This idea is suggested by de Vos

(2011) and supported by a computational model (Thompson et al., 2020). In contrast, it

may be the case that for Deaf community sign languages, perceptual synonyms are

the norm; for instance, in the Corpus of NGT (Sign Language of the Netherlands), it

appears that signers tend to be familiar with variants typical of other regions, but they

do not produce those and rather produce a variant typical of their own region (Onno

Crasborn, personal communication).

4.5 Conclusion

All sign languages are embedded in communities with unique social make-ups, and

their structure undoubtedly affects the degree of linguistic variation, and how variation is

present in these communities. To conclude, we highlight a potential distinction between

Deaf community sign languages, which likely exhibit perceptual synonyms, and shared

sign languages, which may instead exhibit productive synonyms. We found that Kata

Kolok signers are likely to produce many variants in response to our picture elicitation

task, revealing that these signers are perhaps more prone to produce a variety of

lexical variants. In studying lexical variation, future work must be done to conceive of

methods to analyze multi-sign utterances. Here, we have presented one of the first

in-depth studies of how the lexicon is shaped by sociolinguistic factors in a shared sign

language, while pioneering new methods. We present preliminary evidence that age

does not predict the amount of variation in the Kata Kolok lexicon, that deaf and hearing

signers may have different lexical preferences, and that men may have more internally

consistent lexicons than women. Further work must be done on refining the tools used

to accurately measure variation in various types of signing communities. Shortly, we

intend to look at variation on the sublexical level in more detail, as well as a qualitative

analysis of the types of (iconic) responses by deaf and hearing signers.
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Data and Analysis Files

The annotated responses of participants, sociolinguistic information and analysis files

can be found at https://doi.org/10.6084/m9.figshare.12272588.v1

4.6 Appendix A. Participant Information

A. Name

B. Deaf/Hearing

C. Gender

D. Age or generation

E. Clan

F1. How many people do you have in your family?

F2. How many sons/daughters do you have?

G1. Do you have deaf people in your family?

G2. How many deaf people in your family?

H1. Do you meet with deaf people frequently?

H2. Who are the deaf people you meet with frequently?

I1. Did you go to school?

I2. Where did you go to school?

4.7 Appendix B. Interview Questions

A. How many people do you have in the family?

B. How many sons/daughters do you have?

C1. Do you have deaf people in your family?

C2. How many?

D1. Do you meet with deaf people frequently?

D2. Who are they?

D3. Where do you meet them?

E1. Did you go to school?
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E2. Where?

F1. Where have you been this morning?

F2. What did you do?

G1. Have you eaten?

G2. What did you have for lunch/dinner?

H. When is your next ceremony?
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4.8 Appendix C. Picture description task stimuli

(1) tea (2) black (3) mandi (4) palm sugar

(5) coffee (6) pig (7) chili (8) cock fight

(9) yellow (10) cat (11) shovel (12) camera

(13) sarong (14) garlic (15) rambutan (16) horse
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(17) dog (18) salt (19) butterfly (20) tridatu bracelet

(21) dragonfruit (22) rice (23) mango (24) white

(25) phone (26) rice cooker (27) lizard (28) sandals

(29) chicken (30) red (31) blayag (32) cow

(33) turtle (34) offering (35) flower (36) pray
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4.9 Appendix D. MDS dimensions and goodness-of-fit

In our use of MDS to represent the lexical distance matrix, 2 dimensions were used, as

the main goal of using MDS in the present study was to visualize the distances between

participants. A 2D visualization was found to be the most straightforward. However, this

is not to say that reducing the distance matrix to 2 dimensions is optimal in terms of

variation reduction. In other words, reducing the distance matrix to only 2 dimensions

may result in losing important information.

Here I briefly explore this; I use a goodness-of-fit statistic called stress which

compares the real distances to their predicted values (NCSS, n.d.), which is visualized

in Figure 4.10. Typically, the number of dimensions chosen is based on a trade-off

between the number of dimensions which achieves a small stress value. Eigenvalues

can also be used to help decide on the number of dimensions. Two dimensions were

used in the original analysis, and it can be seen in Figure 4.10 that these dimensions

already capture a large part of the structure in the data. Adding more than three or four

dimensions would not increase the quality of the representation.

Figure 4.10: The stress value corresponding to the number of dimensions used in MDS

for the lexical distance matrix, following the example provided by Saeed (2021). As can

be seen from the line, a higher number of dimensions results in lower stress values,

indicating a better representation of the data.



Chapter 5

Social structure and lexical

uniformity: A case study of

gender differences in the Kata

Kolok community

Preface

This chapter presents a follow-up to the previous chapter, in which I reanalyze the

lexical variation data of Kata Kolok signers. The original contributions of this chapter

are: first, I use the Jaccard distance measure to calculate the lexical distances between

participants which allows for the analysis of the full production of participants. Second,

in the context of the linguistic niche hypothesis, I study if there is a difference in

lexical variation between subgroups of a community who have been considered to

have different social network structures. Previous studies of how community structure

affects linguistic structure have compared different communities. Finally, in Appendix D,

I present a comparison of lexical variation in the BSL community and the Kata Kolok

147
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community, engaging in a discussion about how social structure shapes the degree of

lexical variation across communities. This analysis paves the way for further comparison

across signing communities.

Part of this chapter is published as a 7 page abstract at the Cognitive Science

Society (CogSci) Conference. Hannah Lutzenberger, Connie de Vos and Bart de Boer

gave feedback on analyses and drafts for the CogSci submission1. Limor Raviv also

gave extensive feedback on an initial draft. Marnix Van Soom and Yannick Jadoul also

helped with ideas for the analysis. The data and analysis files for the main analysis can

be found here: https://doi.org/10.6084/m9.figshare.14386832.v1

Mudd, K., Lutzenberger, H., de Vos, C., & de Boer, B. (2021). Social

structure and lexical uniformity: A case study of gender differences in

the Kata Kolok community. CogSci 2021. In 42nd Annual Meeting of the

Cognitive Science Society (CogSci 2021). Cognitive Science Society.

In addition to the conference abstract, I have added a comparison of the degree

of lexical variation in Kata Kolok and BSL which I shortly address in the discussion in

a subsection as well as in Appendix D. The code for this is available here: https://

doi.org/10.6084/m9.figshare.16698565.v1. Additionally, I have added three

other appendices, which clarify and expand on the analysis. A link to the analysis files

for Appendix C, in which I investigate if there is evidence of familylects in Kata Kolok,

is available at: https://doi.org/10.6084/m9.figshare.16712932.v1. Finally, I

added a section in the results section comparing the entropy scores in the women’s

group and the men’s group across stimuli.

This analysis was conducted during a research visit with Tessa Verhoef at Leiden

Institute of Advanced Computer Science (LIACS) in the Netherlands. The research

greatly benefited from conversations with Tessa Verhoef and Ross Towns.

1Conceptualization by KM; analysis designed by KM and BdB; analysis by KM; visualization by KM;

writing—original draft preparation by KM; writing—review and editing by KM, HL, BdB, CdV.

https://doi.org/10.6084/m9.figshare.14386832.v1
https://doi.org/10.6084/m9.figshare.16698565.v1
https://doi.org/10.6084/m9.figshare.16698565.v1
https://doi.org/10.6084/m9.figshare.16712932.v1
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Abstract

Language emergence is characterized by a high degree of lexical variation. It has been

suggested that the speed at which the reduction of lexical variation occurs depends

partially on social structure. In large communities, individuals receive input from many

sources, creating a pressure for lexical uniformity. In small, insular communities, indi-

viduals can remember idiolects and share common ground with interlocuters, allowing

these communities to retain a high degree of lexical variation. I look at lexical variation

in Kata Kolok, a sign language which emerged six generations ago in a Balinese village,

where women tend to have more tightly-knit social networks than men. I test if there

are differing degrees of lexical uniformity between women and men by reanalyzing a

picture description task in Kata Kolok. I find that women’s productions exhibit less lexical

uniformity than men’s. One possible explanation of this finding is that women’s more

tightly-knit social networks allow for remembering idiolects, alleviating the pressure for

lexical convergence, but social network data from the Kata Kolok community is needed

to support this explanation.

5.1 Introduction

The amount of variation that is observed in recently emerged languages appears to

depend in part on the social network structure of the communities in which they are

used. In esoteric communities, which are small, highly connected, insular communities,

and in which contact with outsiders is infrequent, variation appears to be tolerated. In

contrast, in exoteric communities, which are large and sparsely connected communities,

variability appears to be much harder to maintain.

An example of differing amounts of variation in esoteric and exoteric communities

comes from a comparison of two sign languages, which have emerged in different types

of communities around the same time. Meir et al. (2012) observed a high degree of

variation in everyday concepts in Al-Sayyid Bedouin Sign Language (ABSL), a sign

language which emerged in a small, insular community in the Negev Desert in Israel.

For example, ABSL shows a high degree of lexical variation in everyday concepts

such as onion and morning, with different signers using different variants to refer to
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these concepts. In comparison, Meir et al. (2012) observed that there is far less lexical

variation in Israeli Sign Language (ISL), which emerged as a result of interaction in a

community consisting of predominantly deaf individuals in Israel, resulting in a much

larger community of users than the ABSL community. In comparison to ABSL, ISL

seems to be more uniform, and signers seem to have converged more quickly on

signs for everyday concepts. Crucially, the amount of variation present in these sign

languages may be partially attributed to users adapting to the amount of variability they

receive in their input (which is determined in part by social structure), and to their need

to understand each other despite such variability.

In Kata Kolok, a sign language which emerged in a relatively small, insular

community in Bali, de Vos (2011) finds that there are few conventionalized color terms.

Signers used other strategies, such as naming relevant objects (e.g. BANANA to indicate

yellow) and pointing to objects in one’s surroundings (e.g. pointing to a yellow piece

of clothing to refer to yellow). Notice that these strategies require a shared context

or face-to-face interaction. The lack of conventionalized color terms and the use of

substitutive strategies are not unique to Kata Kolok, and have been attested across

other esoteric communities (de Vos, 2011, p. 73). More generally, as seen in the

previous example of ABSL, there seems to be a lack of pressure for lexical uniformity in

languages emerging in esoteric contexts.

de Vos (2011) puts forth three reasons for why esoteric communities exhibit

such a high degree of variation: first, face-to-face interaction facilitates the use of

strategies like pointing, and generally relying on a shared environment. Second,

because these communities are relatively small and community members frequently

interact, individuals can remember each other’s idiosyncratic expressions. Last, these

types of sign languages are not typically used in deaf education. Standardized education

may accelerate lexicalization and lexical uniformity.

Though it is likely that all three of these factors play a role in determining the

degree of lexical variation in a community, here I focus on the second of these ex-

planations, namely that it may be easier to keep track of idiosyncrasies because of

frequent contact in a small, insular community. It fits with an existing hypothesis that

one of the drivers of linguistic uniformity in the early stages of language formation is

the need to overcome high levels of input variability (Lev-Ari & Shao, 2017; Raviv et al.,
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2019). In esoteric communities, all individuals tend to interact with the same set of other

individuals (i.e. the small set of members of the community) and therefore it is likely that

each one receives similar linguistic input (Liu, Madhavan, & Sudharshan, 2005). Hence,

it may be easier to keep track of idiosyncrasies. In contrast, in exoteric communities,

each individual tends to interact with different sets of other individuals, and therefore

keeping track of idiosyncrasies is not very useful. In such communities, the low level of

shared context between members creates a pressure for convergence (Wray & Grace,

2007; Trudgill, 2011). Put simply, if people need to interact with individuals with whom

they share little common ground on a regular basis, it is beneficial to use the same

linguistic variant, so no time is spent having to decipher what a variant refers to.

The hypothesized link between social network structure, the ability to remember

idiosyncrasies and the emergence of linguistic conventions has been investigated in

a recent computational model. Thompson et al. (2020) used an agent-based model

to study the relationship between population size and lexical convergence. In this

model, agents had individual-specific representations of the variants used by com-

munity members (i.e. idiolects) as well as population-level representations (i.e. the

shared language), which updated as a result of interactions with other agents in the

population. They focused on memory limitations and shared history, which dictated

agents’ productions: when communicating with a familiar agent, agents would choose

the specific variant used by that agent; but when interacting with a stranger, agents

would choose the most prevalent variant in the entire population. Crucially, agents only

had a limited memory capacity, such that it was not possible to memorize all agents’

productions across the community. In the initial stage, there were no conventions

at all, so agents needed to improvise signals for a given meaning. This means that

in the bigger populations, agents were exposed to more different signals than they

could handle and quickly converged to a uniform language. In contrast, in the smaller

population, fewer different signals were coined and therefore agents could memorize

them (and their association with who uses them). This reduced the pressure to con-

ventionalize. This leads to the counterintuitive situation that the population that initially

has less variants ends up with more variation. This result is comparable to the high

level of variation found for everyday referents in esoteric signing communities, such

as in ABSL. To summarize, naturalistic data and computational models have shown
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that the amount of lexical uniformity in a community may be attributed in part to social

network structure and to memory limitations, such that initial high variability in exoteric

communities eventually leads to lower levels of lexical variation (i.e. more convergence),

while relatively lower variability in esoteric communities actually preserves existing

lexical variation.

In the current study, I expand on the idea that social network structure can lead

to differences in the amount of variability in productions across a linguistic community.

Here, I look at specific interaction patterns between different individuals within one com-

munity, instead of comparing individuals from two separate communities. I investigate

what happens when subgroups of a community who share a language have different

interaction patterns. Though not perfectly, this helps us to isolate the effect of the social

network from the other proposed explanations, because the groups concerned share

the same cultural environment, and for both groups standardization stemming from

education cannot play a role.

Extrapolating from previous work, individuals within the same community may

have denser or more sparsely connected networks, resulting in exposure to different

amounts of input variability. In turn, these differences may affect their choice of lexical

variants, such that those exposed to more variability would prefer producing more uni-

form variants (the most extreme case being where all individuals use one sign to refer

to a concept). Supporting this hypothesis, Lev-Ari and Shao (2017) showed that differ-

ences in the social network (size, heterogeneity and density) of native English speakers

in the US influenced their language skills: individuals with more heterogeneous net-

works (who were consequently exposed to more input variability) demonstrated better

performance on lexical access and prediction tasks. Thus, there is preliminary evidence

that interaction patterns within a community can affect linguistic behaviors. However,

it is currently unclear how such differences in interaction patterns and social network

structure affect variation within a community. To explore this question, I turn to a case

study of lexical variation in Kata Kolok. As a young language (compared to any spoken

language), Kata Kolok provides a unique window into the process of language evolu-

tion, and since subgroups of this community have different interaction patterns, I have

the opportunity to see how such differences may in part affect the degree of lexical

uniformity across groups.
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5.2 The current study

Kata Kolok is a sign language which emerged at least six generations ago in a Balinese

village due to a high incidence of hereditary deafness (Winata et al., 1995). More than

half of the village knows Kata Kolok, with the majority of signers being hearing and

fluent in Kata Kolok to varying degrees (Marsaja, 2008). In this community, Marsaja

(2008) found that more men are fluent signers than women, which he attributed to the

strong patriarchal system in the community: "opportunities for females to go to school,

leave the home, be involved in public activities, and interact freely with outsiders are

considerably less than for males" (Marsaja, 2008, p. 115). Marsaja (2008, p. 115-116)

adds that the majority of women are housewives and are dependent on their husbands

or parents to attend certain events.

As such, these differences in social responsibilities affect interaction in a way

that parallels characteristics of esoteric and exoteric communities. Specifically, the

interaction patterns of men resemble exoteric communities with frequent interaction with

a larger pool of community members, and the interaction patterns of women resemble

esoteric communities with a smaller and more dense network structure. In this setting,

the hypothesis that social network structure influences variability can investigated, while

controlling for environmental and cultural factors. It predicts that women should have

higher variability in their language use than men. However, because I am lacking

extensive data on the social networks of women and men in this study and in the Kata

Kolok community at large, it is not possible to draw any conclusions about the nature

of the relationship between social network and the amount of lexical variation. Rather,

this study should be seen as a preliminary attempt to investigate this relationship. A

possible confound is that women tend to lead linguistic innovation (Labov, 1990). Thus,

if a higher degree of variation within their group is found it is possible that this is a result

of women’s propensity to innovate. To control for this, I would need to study women in

different network types; this should be the subject of future work.

To test the prediction about social network structure and the degree of lexical

variation, I conduct a reanalysis of a picture description task in Kata Kolok (Mudd,

Lutzenberger, et al., 2020). A major shortcoming of the previous analysis was that only

the first lexical variant produced in response to the stimulus was analyzed. Because
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participants typically produced several variants in response to stimuli, in the current

study I analyze the majority of relevant variants produced by participants, and compare

their productions for each stimulus using a distance measure called Jaccard distance

(see Section 5.3.3). Specifically, I compare the amount of lexical variation between

the women and men in order to test the effect of interaction patterns on the amount of

linguistic variation in one community.

5.3 Method

5.3.1 Participants

46 participants from the Kata Kolok community took part in a picture description task

(see Table 5.1). Sampling focused on maximizing the number of deaf participants

from different village clans (geographical areas) and age groups. Additionally, we

recorded the gender of the participant and if they have a deaf family member. Fluency

was assessed by Lutzenberger, a fluent signer of Kata Kolok. Although it is typical

to just include deaf signers in studies of sign languages, we included both deaf and

hearing participants in order to achieve a representative sample of the population.

Similar to other shared sign languages, hearing signers build the core of the Kata Kolok

signing community. Marsaja’s (2008) claims about the difference in the social networks

of women and men in the Kata Kolok community apply to both deaf and hearing

individuals, hence we did not have a specific hypothesis pertaining to differences in the

degree of lexical uniformity between deaf and hearing groups.

Table 5.1: Participant information by gender, with ages young (Y), medium (M) and old

(O)

age deaf / hearing deaf family signing skills

Y M O deaf hearing yes no 1 2 3 4 5

women 21 5 11 5 11 10 16 5 0 1 4 2 14

men 25 11 7 7 9 16 16 9 1 3 4 3 14

total 46 16 18 12 20 26 32 14 1 4 8 5 28
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5.3.2 Materials and Procedure

The picture description task consisted of 36 culturally relevant stimuli from various

semantic domains: animals, food, religion, colors and a miscellaneous category. Based

on Lutzenberger and de Vos’s knowledge of Kata Kolok (both are fluent Kata Kolok

signers), as well as ongoing work documenting Kata Kolok (Lutzenberger, ongoing), we

expected differences in the number of variants that each stimulus would elicit. For some

stimuli, we expected few to no variants (e.g. dog), and for others we expected a larger

number of variants (e.g. dragonfruit). A deaf research assistant from the Kata Kolok

community led the picture description task, asking participants what each stimulus is in

Kata Kolok. The participants’ responses were videotaped.

Figure 5.1: Example of annotation using ELAN: a participant responds to the stimulus

pig

5.3.3 Analysis

As shown in Figure 5.1, the data from the picture description task were annotated

using ELAN (Cassidy et al., 2018). I annotated the data using the Kata Kolok dataset
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in Global Signbank as a reference, accompanied by a list of glosses that could be

expected in response to each stimulus, which was provided by Lutzenberger (a fluent

Kata Kolok signer). Lexical variants were identified based on their underlying iconic

motivation and mapping, such that signs were grouped together based on their iconic

motivation and where on the body and hands a feature is mapped. For example, as

shown in Figure 5.2, each of the three variants produced for the stimulus pig refer to

different semantic components of a pig: how a pig is killed (PIG-1), how a pig eats

(PIG-2) and the ears of a pig (PIG-3). Another example is from participant responses

to the stimulus butterfly, where variants involving the same semantic content (the wings

of the butterfly) were identified as being distinct variants for the analysis as they mapped

onto different body parts (the hands or arms) (see Fig. 4 in Mudd, Lutzenberger, et al.,

2020).

All 46 participants responded to all 36 picture stimuli (1,656 trials in total). I

removed trials from the analysis in the following cases: if a participant did not know the

sign for a stimulus, if a participant did not understand the stimulus and if a participant

did not produce a valid target. All color stimuli (black, white, red, yellow ) were removed

prior to the analysis as they were confusing to participants. I considered signs produced

to be a valid target if they are a relevant description of the stimulus, produced by three

or more participants, with the goal of excluding gestures and productions improvised

on the spot2. Finally, prior to the lexical distance analysis I removed four stimuli (blayag-

steamed rice wrapped in a leaf, cat, cow, dog) which only elicited one target in response

to the stimulus; because all participants produced the same target, there is no variation,

i.e. maximal uniformity between participants for these stimuli. After removing the trials

not suitable for analysis, I analyzed the remaining 1,166 trials. For each trial, all relevant

parts of the response were annotated3. Hence, sequences of signs (see Figure 5.2

for two examples of participants producing sequences), compounds and collocations

were included, with each individual sign as separate variants. Because it is not always

obvious if a pair of signs are a compound, in this analysis, I chose to consider each

sign as a separate. Determining the boundary between sequences, collocations and

2Though, because of iconic affordances, I cannot rule out that several signers may have improvised the

same production.
3Some longer responses were not fully annotated, for example if a participant was telling a lengthy

anecdote.
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compounds should be the topic of a future work (see Tkachman & Meir, 2018 for more

on this topic).

To see how much lexical variation exists in a group of participants, I calculate the

Jaccard distance between responses to each stimulus between pairs of participants

(see Appendix A for a comparison of Jaccard distance to other distance measures).

Analysis scripts can be found in the following Figshare repository: https://doi.org/

10.6084/m9.figshare.14386832.v1. As shown in Figure 5.2, the Jaccard similarity,

also used in Horton’s (2018) analysis of homesigners in Guatemala, is the number

of targets in the intersection divided by the number of targets in the union. Jaccard

distance equals 1 – Jaccard similarity. A Jaccard distance of 0 would mean that both

participants produced identical responses to a stimulus, while a Jaccard distance of 1

would mean that there was no overlap between the responses produced by participants

(i.e. maximally distant). All targets in responses are of identical weight in this analysis,

meaning that no two targets are considered more similar or different, or weighted based

on factors such as the frequency of production in the sample (see Lutzenberger et al.,

in press for an analysis of weighted form variation). See Figure 5.2 for an example of

how Jaccard distance is calculated for the stimulus pig between participants B and D.

I use a permutation test to determine if the ratio between the mean Jaccard

distance between the 25 women and the 21 men is significantly different from randomly

generated resamples of the population (i.e. permutations). To elaborate, with the total

sample of 46 participants, I sample without replacement a group of 25 and a group of 21

(irrespective of gender). For each group, I calculate the mean of the Jaccard distances.

I then calculate the ratio between the mean Jaccard distance of the group of 25 and the

group of 21. This process is repeated 1000 times. With these resamples, the original

statistic (ratio of the Jaccard distance between 25 women and 21 men) is compared to

that of the generated resamples. The null hypothesis is that the ratio between women

and men is 1, and I would conclude that it is worthwhile to further investigate this if the

original statistic falls outside of the 2.5 or 97.5 percentiles of the generated resamples.

https://doi.org/10.6084/m9.figshare.14386832.v1
https://doi.org/10.6084/m9.figshare.14386832.v1


158 Chapter 5. Gender differences in the Kata Kolok community

Figure 5.2: Calculating the Jaccard distance between participant B and D’s response to

the stimulus pig. Both their productions consisted of the target PIG-1 (intersection=1)

and all the targets produced by the pair are PIG-1, PIG-2, and PIG-3 (union=3). The

Jaccard distance between these productions is 2/3, yielded by 1 - Jaccard similarity,

which is the intersection divided by the union (= 1 / 3).
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5.4 Results

The number of variants produced across all participants in response to stimuli ranged

from 1 variant (blayag, cat, dog, cow) to 8 variants (offering). Focusing on the commu-

nity as a whole, I found that the majority of stimuli elicited multiple variants. In most

trials, participants produced more than one target in response to a stimulus (M=1.41,

SD=0.64). This was calculated by first identifying the targets produced by each partici-

pant for each stimulus (i.e. a trial) and then taking the average and standard deviation

of the number of targets produced across all trials. Thus, 1.41 is the average number

of targets produced per trial by all participants. In addition, women tended to produce

more targets (M=1.45, SD=0.66) than men (M=1.38, SD=0.62). This was calculated for

the group of women and men separately, and in each group taking the average and

standard deviation of the number of targets produced across the trials. As shown in

Figure 5.3, across all participants, I found that the average Jaccard distance was 0.5

(SD=0.09, min=0.21, max=0.79), indicating that on average half of the participants’

lexical choices were shared across the community. As a reminder, the Jaccard distance

is calculated between pairs of participants, here between all pairs of participants in the

sample. The mean Jaccard distance is then calculated by taking the average across all

Jaccard distances for the sample. Table 5.2 shows a subset of the distance matrix with

5 participants.

Next, I focus on the distances between women and between men in this study,

which may provide an insight into if the amount of variation in their lexicons may be

the result of the interaction patterns of men (more typical of exoteric communities) and

the interaction patterns of women (more typical of esoteric communities). However,

as previously stated, quantitative social network data from the Kata Kolok community

would be needed to back this claim. Figure 5.4 shows the average Jaccard distance per

stimulus for women and men separately. For some stimuli, such as coffee, slippers and

shovel, there is more variation between women than between men. For other stimuli,

such as sarong, dragonfruit and mango, there is more variation between men than

between women. Nevertheless, the average Jaccard distance between women is higher

(M=0.52, SD=0.09) than between men (M=0.47, SD=0.08), as shown in Figure 5.5.

These values were calculated separately for the group of women and men; for each
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Figure 5.3: Histogram showing the 1035 Jaccard distances between the 46 participants

(SD=0.09, min=0.21, max=0.79). The pink line shows the mean Jaccard distance,

which is 0.5.

group, the average and standard deviation of the Jaccard distances between pairs of

participants was calculated. Thus, on average there is more variation in responses

between women than between men.

The ratio between the mean Jaccard distances of women and men is 0.516:0.470,

thus 1.097. I used a permutation test to determine if this ratio is significantly different

from the ratios of the 1000 randomly generated resamples. As shown in Figure 5.6, I

find that the actual ratio lies outside of the 95% range of the ratios of the generated

resamples (2.5 percentile=0.912 and 97.5 percentile=1.096), and therefore I conclude

that it is worthwhile to further investigate this difference. It should also be noted that this

is one permutation test, and with sampling 1000 new resamples the result may differ.

To give a clear example of the difference in the amount of variation between

women and men in this study, consider the productions for the stimulus shovel. In this

case, there were two distinct responses to this stimulus: SHOVEL-1 (depicting holding
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Figure 5.4: Mean Jaccard distance per stimulus for women (pink diamonds) and men

(blue), with the average Jaccard distance across all stimuli being higher between women

(M=0.52, SD=0.09) than between men (M=0.47, SD=0.08). The points are ordered by

women’s mean Jaccard distance values per stimulus.
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Figure 5.5: Violin plot showing the median (the white dot), interquartile range (thick black

bar), and the distribution of Jaccard distances over all stimuli for women (median=0.509,

IQR=0.127) and men (median=0.467, IQR=0.102).
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Figure 5.6: Permutation test results shown in a histogram. The blue bars represent the

ratio of the generated groups of 25 and 21 from the participants, irrespective of gender.

The pink line at 1.097 shows the real ratio of the women and men. The green lines

show the 2.5 percentile (0.912) and the 97.5 percentile (1.096). The actual ratio lies

outside of the 95% range.
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Table 5.2: Subset of the matrix used for analysis showing the average Jaccard distance

over stimuli between pairs of participants. For example, participants B and D have a

Jaccard distance of 0.68, which is fairly high compared to the Jaccard distance between

other pairs of participants, meaning that their responses differ more than most of the

responses between other pairs of participants. In contrast, participants A and E have a

Jaccard distance of 0.28, meaning that their responses to stimuli were fairly similar.

A B C D E

A 0 0.45 0.5 0.57 0.28

B 0.45 0 0.61 0.68 0.37

C 0.5 0.61 0 0.42 0.56

D 0.57 0.68 0.42 0 0.64

E 0.28 0.37 0.56 0.64 0

the shovel handle) or SHOVEL-2 (depicting the blade of the shovel). The majority

of men produced SHOVEL-1 (21 out of 25), while women did not show a strong

preference for either variant (12 produced SHOVEL-1 and 8 produced SHOVEL-2).

Therefore, in response to the stimulus shovel, women produced more variation (mean

Jaccard distance of 0.51) than men (mean Jaccard distance of 0.28).

For an additional explorative method that can be used to analyze lexical variation

data, see Appendix B, in which I outline the method of agglomerative hierarchical

clustering using this data, as well as lexical variation data from BSL (see Appendix D).

Furthermore, Appendix C provides an analysis of the possibility of familylects using the

lexical variation data from Kata Kolok.

5.4.1 Entropy scores of women and men

Another way of measuring variation as demonstrated in the previous chapter is by

calculating the entropy score of a stimulus for a given group. I define the entropy

score of a stimulus as the entropy associated with the empirical distribution of targets

used for that stimulus in response to the picture description task. In the previous
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chapter, I calculated the entropy scores for the first target produced by deaf and hearing

participants across stimuli and compared these groups to determine if the deaf or

hearing group exhibited a higher degree of lexical variation. Here, as the focus is

comparing the degree of variability between women and men, I calculate the entropy

scores of the women group and the men group across all stimuli. As a reminder, an

entropy score of 0 indicates that there is no variation in the system (i.e. all participants

produce the same variant in response to a stimulus). One example of this is dog,

where all participants produce the same response. When the entropy score is higher,

this indicates that there is more variation in the system. For example, the stimulus

dragonfruit elicited a more varied response from participants, as shown more clearly in

Figure 5.8.

In the analysis in the previous chapter, only the first variant produced by each

participant was considered in the analysis. Here, I consider all targets produced by

participants; for example, in response to the stimulus tea, participant HSO produced

WATER, DRINK, TEA-B and participant HLR produced DRINK. In the previous

analysis only the responses WATER by HSO and DRINK by HLR would have been

considered in calculating entropy. Here all of the responses of participants are con-

sidered. That is to say, for HSO, WATER, DRINK and TEA-B are included, and

for HLR DRINK is included. Despite participants producing responses of differing

lengths, all responses are considered with equal weight. To calculate the entropy score,

all responses are aggregated; for instance, with our toy example here consisting of

participant HSO and HLR for the stimulus tea, WATER occurs once, DRINK occurs

twice and TEA-B occurs once. This yields an entropy score of 1.5 for HSO and HLR for

the stimulus tea. In the actual analysis, all responses in one group (e.g. for the group of

women) are aggregated and counted, and then the entropy value is calculated for that

stimulus, and averaged over all stimuli for that group.

The entropy scores of women and men for each stimulus are shown in Figure 5.9.

For some stimuli, the entropy score for men is lower than that of women, indicating that

there is more variation in the women’s group than in the men’s group; one example of

this is for shovel, as depicted in Figure 5.7, where men tended to produce SHOVEL-A,

while women were more split between SHOVEL-A and SHOVEL-B. As such, for this

stimulus, the entropy score for women (0.97) is higher than the entropy score for men
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(0.63). Over all stimuli, I find that women have higher entropy (M=1.38, SD=0.71)

compared to men (M=1.29, SD=0.73). This difference is confirmed with a Wilcoxon

Signed-Rank test which indicates a significant difference between the entropy scores of

women and men across stimuli (Z=108.0, p=0.03). The higher entropy score of women

is in line with the findings comparing the Jaccard distances of women and men.

Figure 5.7: Responses to the stimulus shovel by women and men. Women have a

higher entropy score (0.97) than men (0.63) for this stimulus, indicating that there is

more variation in the women’s responses than the men’s responses.

One alternative possibility to study variation is using Simpson’s diversity index

as used by Majid et al. (2018) in their study of how expressible the senses are, the

senses being color, shape, sound, touch taste and smell. Their prediction, based

on previous research, is that sight and hearing are more expressible than the other

senses. To study expressivity across the senses, they use Simpson’s diversity index

as a measure of lexical agreement (or, in this thesis referred to as lexical uniformity),

as it has been shown to correlate highly with expressivity in a previous study. Like

entropy, when applied to lexical data, Simpson’s diversity index takes into account the

total number of tokens produced in response to a stimulus (e.g. men produced 25

tokens in response to shovel), as well as the frequency of a specific variant produced

in response to a stimulus (e.g. men produced 4 times SHOVEL-A in response to the
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Figure 5.8: Responses to the stimulus dragonfruit by women and men. Women have

a lower entropy score (2.27) than men (2.44) for this stimulus, indicating that there is

more variation in the men’s responses than the women’s responses.

stimulus shovel). Given that both take into account these factors, it is unsurprising

that they are highly correlated, as shown by Majid et al. (2018), where r = −0.97.

One noteworthy difference between the two measures is that Simpson’s diversity index

only takes a variant into account when it is observed at least two times. In this way,

it addresses the issue that not all possible variants may have been observed, which

is especially relevant when sample sizes are small. Specifically with regards to our

study, this should not be the case, as we only considered variants as targets (included

in the analysis) when they were observed at least three times, to exclude gestures or

idiosyncratic signs.
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Figure 5.9: Entropy scores of women and men for each stimulus. Stimuli below the blue

line, closer to the x-axis, have a higher entropy (i.e. more variation) for the women and

stimuli above the blue line, closer to the y-axis, have a higher entropy for the men.

5.5 Discussion

Previous studies compared the amount of lexical variation present in two different

communities as a function of their social structure, and posited that communities with

larger social networks have a more uniform lexicon (e.g. Meir et al., 2012). This study

is the first to consider lexical variation within a community in which different subgroups

(i.e. women and men) have different types of interaction patterns and thus different

social network structures. This work showed that subgroups of women and men in the

same community produced different degrees of lexical uniformity: women produced

more varied labels compared to men, who were more uniform in their productions.

One explanation for this trend, as put forth by Lev-Ari and Shao (2017) and Raviv

et al. (2019), is that exposure to a high degree of input variability leads to more linguistic

uniformity. In the Kata Kolok community, as men have community-wide ties, they likely
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receive more varied input, which could have in turn led them to produce more uniform

lexical variants. In contrast, women have tighter social networks and mostly interact

with known individuals, leading them to receive less varied input, which could have in

turn led them to produce more varied signs. In line with de Vos’ (2011) hypotheses

about what drives lexical variation at the community level, the stable, shared context of

women may have reduced the pressure for lexical uniformity.

It should be noted that it is possible that a higher degree of variation is tolerated in

sign languages because of the iconic affordances of the manual-visual modality (Meir

et al., 2012). Iconicity, referring to the degree by which a meaning can be retrieved

from a form, depends on the unique linguistic, perceptual, sensory-motor and cultural

experiences of an individual (Occhino et al., 2017). In other words, what is iconic for one

individual might not be iconic for another individual even within a linguistic community.

And given one’s experience with a concept, one variant may be preferred over another.

For example, the variant PIG-1 (see Figure 5.2) refers to how a pig is killed.

Knowledge of how pigs are killed is specific to communities that practice animal farming

and use this technique to kill pigs, and even more specific to people who carry this out.

Other variants produced in response to the stimulus pig are PIG-2, referring to how a

pig eats, and PIG-3, referring to the ears of a pig. The majority of variants produced

in response to this stimulus were PIG-1 (55%) and PIG-2 (32%). In the Kata Kolok

community, it is typically men who kill pigs, while feeding is typically but not exclusively

done by women (Lutzenberger et al., in press). In looking at how women and men

responded to the stimulus pig, it appears that individual experience is shaping their

choice of variants4; men produce more PIG-1 (66% of their responses) than women

(45% of their responses) and women produce more PIG-2 (39% of their responses)

than men (22% of their responses). Further, men were more likely to produce a single

target in response to pig (82% of all responses) while women were equally likely to

produce one or two variants in response to pig. It should also be noted that the length of

women’s responses (i.e. the number of targets produced in response to a stimulus) to

this stimulus were longer on average (M=1.45, SD=0.66) than men’s (M=1.38, SD=0.62),

4For another example of differences between the experiences of women and men shaping iconic affor-

dances and thus the choice of preferred variants, see an analysis of shared homesign systems in Guatemala

by Horton (2018, p. 200).



170 Chapter 5. Gender differences in the Kata Kolok community

but given the amount of variance, this may be coincidental. To reiterate, the length of

the response was calculated by first identifying the targets produced by each participant

for each stimulus (i.e. a trial) and then taking the average and standard deviation of the

number of targets produced across all trials for the group of women and the group of

men.

In sum, the different experiences of individuals with a concept likely shapes lexical

variant choice with regards to iconicity. Even when taking the prevalence of iconicity into

account, social network structure is still expected to affect linguistic variation. But the

precise contribution of shared context (permitting iconic form-meaning mappings to be

understood) and social network structure on the degree of variation within a community

are yet to be determined, and should be the topic of further study.

A second potential explanation of the finding that women exhibit more lexical

variation than men is that women simply innovate more as discussed by Labov (1990).

It is possible that the higher degree of variation found in the group of women is a product

of their tendency to innovate and lead language change, as opposed to a result of

their social network structure. With the current design, it is not possible to rule this out.

However, as previously mentioned, the extent to which innovation vs. social network

configuration drives the degree of lexical variation could be studied by considering

women with different social network types.

One clear limitation of the current study is that it did not directly test the role

of input variability and social network structure, but instead relied on the observation

that women and men in the Kata Kolok community exhibit different interaction patterns

(Marsaja, 2008). Future work should include richer and up-to-date information about the

exact social network structure of participants in order to determine the precise nature of

their social networks. Following Lev-Ari and Shao (2017), I recommend collecting data

on the size, heterogeneity and density of the social network of participants. Moreover, in

contrast to large-scale studies comparing properties esoteric and exoteric communities

(e.g. Lupyan & Dale, 2016), the groups which I have drawn parallels with esoteric and

exoteric communities here are not independent: women and men in the Kata Kolok

community frequently communicate. It is unclear how the interaction between these

groups would affect the degree of variation within them.

In addition, future work could focus on other sociolinguistic properties of partic-
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ipants besides their gender, such as their age (for examples, see Table 5.1). Older

speakers may exhibit more linguistic variation than younger speakers. This hypothesis

is in line with findings from iterated learning experiments, which show that unpredictable

variation is typically reduced as a language ages and is transmitted over more genera-

tions (K. Smith & Wonnacott, 2010). Given the characteristics of this sample, age may

be a confounding factor that, however, may represent the community adequately: the

old age group includes more men than women. Undoubtedly, multiple sociolinguistic

factors can interact when it comes to lexical preferences and the amount of variation in

the lexicon, and as such should be the topic of future work. In a community of this size,

it is a challenge to disentangle these factors.

Some features which may be of further interest also present possible confounds

in this study because the groups are not entirely balanced across all sociolinguistic

features5. As can be seen in Table 5.1, there are more hearing men than women,

and there are more young and old men in the sample than women (who are mostly

in the medium age category). Because of the complexity of the analysis, involving

non-independent distance measures between participants, it is unclear how to tease

apart these additional sociolinguistic features which could have an influence on the

amount of variation observed within the groups of women and men.

5.5.1 Comparing the degree of lexical variation across languages

While it has been suggested that there is more lexical variation in shared sign languages

than in Deaf community sign languages (e.g. Meir et al., 2012), no large scale, quanti-

tative study has been conducted. Here, I present an initial effort in comparing a large

sample of signers from BSL (here categorized as a Deaf community sign language)

and Kata Kolok (here categorized as a shared sign language). What I found is that

BSL exhibits a higher degree of lexical variation between signers than Kata Kolok, a

result that lies in contrast to previous claims of expected degrees of variation. However,

when lexical variation within each city of the BSL dataset is analyzed, it is evident that

within each city signers exhibit lower degrees of lexical variation compared to globally

5In a small community balancing participants across all sociolinguistic fronts is virtually impossible. For

example, as mentioned in Mudd, Lutzenberger, et al. (2020) with regards to sampling by geographic unit in

the Kata Kolok community, no deaf participants in clan 9 were sampled because there are none.
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(i.e. across all signers in the sample). Notably, the Kata Kolok community, where there

are no immediately evident subgroups with similar lexical preferences, has a higher

degree of lexical variation than any of the cities in the BSL dataset. Hence, when

looking at a smaller scale, between frequent interlocutors, this result is in line with

claims about a higher degree of lexical variation in shared sign languages than in Deaf

community sign languages. For more details of this analysis, see Appendix D. Future

work will continue to compare lexical variation in Kata Kolok and BSL, as well as other

sign languages of different ages and configurations.

5.6 Conclusion

Women and men in the Kata Kolok community exhibit different amounts of within-

group lexical uniformity, with women producing less uniform responses to the picture

description task than men. This is in line with the hypothesis put forth by Lev-Ari and

Shao (2017) and Raviv et al. (2019) that this difference can be attributed to differences

in their interaction patterns: men need to deal with less predictable variation as a

result of their community-wide interactions, and thus should face a greater pressure to

conventionalize their lexicon than women. In order to confirm this explanation, precise

social network data from the Kata Kolok community is needed, which could also be

used to study a possible alternative explanation for the present finding, namely that

women’s propensity to innovate accounts for the high degree of lexical variation. This

result allows for the possibility that differing degrees of lexical uniformity are influenced

by iconic affordances and one’s experience with a concept.

5.7 Appendix A. Distance measure comparison

In the previous analysis (Mudd, Lutzenberger, et al., 2020), we conducted an analysis

using only the first variant that participants produced. Given that most participants
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produced longer descriptions of stimuli, it was necessary to find a method to account

for the full production. It was a challenge to find an appropriate distance measure to

analyze this data, to accurately compare the responses of participants. In the process,

several methods of comparison were considered. Namely, when comparing a response

to a stimulus between two participants, I considered a full overlap in signs (i.e. the

participants produced the exact same thing), any overlap (i.e. at least one variant is the

same) and Jaccard distance (see Figure 5.2 for an example).

In addition, in the previous analysis, we included collocations (i.e. two signs

which frequently co-occur). In this analysis, I considered signs independently. In

other words, collocations in the previous analysis were considered as two separate

signs here. Because in the previous analysis we looked at just the first variant, having

collocations included felt like a more accurate comparison. For example, in response to

the stimulus palm sugar, participants often produced CANDY and BREAK in either order.

In the previous analysis, we collapsed these into CANDY-BREAK. But here, because we

considered all signs produced, both components of the collocation are considered if

we collapse them or not. We had used a threshold of having three or more observed

collocations identified to include it in the analysis as collocation, but this threshold

was arbitrary and we did not systematically look through all combinations of signs for

collocations.

In the remainder of this appendix I compare the following distance measures: first

target only with collocations (method used in Mudd, Lutzenberger, et al., 2020), all

targets with collocations having any overlap, all targets without collocations having any

overlap, all targets without collocations having complete overlap and all targets without

collocations using Jaccard distance. To give an example of what the data looks like and

how the measure was calculated, see Table 5.3

Before settling on Jaccard distance without collocations, I was curious to compare

these different measurements of the data and see to what extent they correlate. To

see to what extent the measures correlate, I created distance matrices for each of the

measures (each matrix is of 46 by 46 participants, generating 1035 distances between

participants). For a subset of the Jaccard distance matrix, see Table 5.2. To compare

the matrices, I used a Mantel test (see Table 5.4).

All matrices except for the first target only with collocations used in the previous
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analysis correlate. First of all, I feel the Jaccard distance represents the data most

accurately, as it is the most nuanced and ultimately this is why I chose this measure

for this study. It is interesting and somewhat surprising that the any overlap and

complete overlap measures correlate with the Jaccard distance measure. The measures

consisting of any and complete overlap, considering the full production of the participant,

are more representative of the participant’s utterance than just considering the first

target produced. Since the measures considering the full response of participants

(any, complete and Jaccard) correlate, this means an analysis using these measures

could be comparable. However, an analysis using just the first target is not comparable.

Hence, I conclude here that the results from the previous analysis (which were already

considered to be very preliminary) are not accurately portraying the data. In addition,

it seems that considering collocations or not considering collocations may not have

such a large effect on how much the measures correlate. The measures of all targets

with and without collocations correlate, and these both also correlate with the other

measures considering the full production of participants. However, for the complete

overlap and Jaccard distance, collocations were not considered (i.e. signs previously

identified as part of collocations were analyzed separately).
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5.8 Appendix B. Agglomerative hierarchical clustering

With the Jaccard distance measures between all participants, one exploratory method

to investigate the data is by using clustering algorithms. In the previous analysis (Mudd,

Lutzenberger, et al., 2020), we used K-nearest neighbors. Here, I use a different

method called agglomerative hierarchical clustering, which assigns a value to the

distance between (clusters of) participants. In a nutshell, this technique allows for

the creation of a hierarchy, showing relationships and allowing for the possibility of

subsetting clusters, starting from a distance matrix. To show how this works, I will walk

through an example with a subset of the Jaccard distance matrix. For a more detailed

and technical walk through of this technique see the helpful blog by Hees (2015). This

technique is also used by Ruland, Andirkó, Romanowska, and Boeckx (2020).

To explain how this clustering algorithm works, I will show an example from the

Jaccard distance matrix with 4 participants. The values in black in Table 5.5 are used

for the example analysis. The other values (in grey in Table 5.5) are either the distance

between a participant and themselves, distance of 0 shown on the middle diagonal, or

redundant values. Looking at the values used in the analysis, the shortest distance

available is selected: 0.41, which is the Jaccard distance between HSO and HGN. This

is the first cluster (4), shown in Table 5.6. Now, these individual participants are no

longer considered separate, but as a cluster.

Table 5.5: Subset of the Jaccard distance matrix showing four participants. Values

in black are used in the rest of the example. The other values are redundant or the

distance from a participant to themselves.

HLR HGU HGN HSO

HLR 0.00 0.64 0.67 0.54

HGU 0.64 0.00 0.56 0.47

HGN 0.67 0.56 0.00 0.41

HSO 0.54 0.47 0.41 0.00

As a cluster, distances between HGN-HSO (4) are recomputed such that the

Jaccard distances between HSO and another participant, and HGN and another partici-
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Table 5.6: The distances between participants and clusters, starting with the shortest

distance between participants (HGN and HSO), and ending with the largest distance

between a participant (HLR) and the other participants forming a cluster (HGN, HSO

and HGU). The numbers on the right of the participant ids show the indexes of the

participants in the original Jaccard distance matrix (Table 5.5).

id1 id2 distance cluster size

HGN (2) HSO (3) 0.41 2

HGU (1) HGN-HSO (4) 0.51 3

HLR (0) HGN-HSO-HGU (5) 0.62 4

Table 5.7: Updated subset of the Jaccard distance matrix showing four participants, two

individuals (HLR and HGU) and two clustered together (HGN-HSO). Values in black

are used in the rest of the example. The other values are redundant or the distance

from a participant to themselves.

HLR HGU HGN-HSO (4)

HLR 0.00 0.64 0.61

HGU 0.64 0.00 0.51

HGN-HGO (4) 0.61 0.51 0.00
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Table 5.8: Updated subset of the Jaccard distance matrix showing four participants,

one individual (HLR) and three clustered together (HGN-HSO-HGU). Values in black

are used in the rest of the example. The other values are redundant or the distance

from a participant to themselves.

HLR HGN-HSO-HGU (5)

HLR 0.00 0.62

HGN-HSO-HGU (5) 0.62 0.00

Table 5.9: The distances between participants and clusters from Table 5.6 normalized.

id1 id2 distance cluster size

HGN (2) HSO (3) 0.66 2

HGU (1) HGN-HSO (4) 0.83 3

HLR (0) HGN-HSO-HGU (5) 1 4

pant are averaged. Thus, the distance between HGN-HSO and HGU is computed, as

well as the distance between HGN-HSO and HLR. This new distance matrix is shown

in Table 5.7. For example, the distance between HGN-HSO and HGU is calculated as

follows: the distance between HGN and HGU (0.56), and the distance between HSO

and HGU (0.47) are averaged, resulting in a distance of 0.51.

With this updated distance matrix, the process of finding the shortest distance

and adding a participant to a cluster continues. The shortest distance from Table 5.7

is 0.51, the distance between HGN-HSO (4) and HGU. As shown in Table 5.6, a new

cluster (5) is formed with participants HGN, HSO and HGU. Finally, to get the distance

from HGN-HSO-HGU (5) to HLR, the distances between the participants and HLR are

averaged: (0.64 + 0.67 + 0.54) / 3 = 0.62. This is shown in Table 5.8.

After having computed the average distance between participants and clusters,

the distances are normalized. To do so, all distances are divided by the longest distance.

With this example, the longest distance, between HLR and HGN-HSO-HGU (5) is 0.62,

so all distances are divided by that, yielding the normalized distances measures shown

in Table 5.9.
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Finally, it is possible to visualize these distances and clusters using dendrograms

(a basic tree visualization), as shown in Figure 5.10. The branch lengths correspond to

the normalized distances from Table 5.9 and the branch connections correspond to the

clusters created (4 and 5).

Figure 5.10: A dendrogram of the Jaccard distance matrix with participants HLR, HGU,

HGN and HSO. The numbers on the right of the participant ids show the indexes of the

participants in the original Jaccard distance matrix (Table 5.5) and the numbers above

show the order of the clustering, with lower numbers indicating a shorter distance. The

distances on the y axis indicate the distances between participants and clusters.

I have now provided an example with a subset of the participants in the Kata Kolok

sample illustrating how this technique works. Figure 5.11 shows all the participants in

the study with their distances visualized.
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Figure 5.11: A dendrogram representing the agglomerative hierarchical clustering with

the Jaccard distance matrix with all participants in the sample.

Next, it is possible to draw clusters from the dendrogram by assigning a cut

off value and then seeing how many clusters there are and what characteristics the

clusters have. This is what I have done in Figure 5.11, where I have assigned a cut off

at 0.8, which reveals three clusters: in pink, turquoise and yellow. From there, it could

be interesting to consider the characteristics of participants in an exploratory fashion.

Notably, all of the participants in the pink cluster are hearing participants (their ids start

with an ‘h’). Much more could be said here about the interesting characteristics of this

dendrogram, but it should be stressed that this is an exploratory approach to study this

data. Hypotheses may be formed from this, but should then be tested in a follow-up

study.
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Figure 5.12: A dendrogram representing the agglomerative hierarchical clustering with

the Jaccard distance matrix with all participants in the sample, colored by clusters with

a threshold of 0.80.

5.9 Appendix C. Investigating familylects

In ABSL, a high degree of variation at the lexical and sublexical level has been observed

(Meir et al., 2012). However, it appears that this variation isn’t random or unstructured,

but may be conditioned by the family an individual belongs to. To describe this, Sandler

et al. (2011) coin the term familylect, referring to the observation that within families

there is a greater degree of lexical uniformity than across families. For instance, in

ABSL, Sandler et al. (2011) provide the example of two families producing two distinct

lexical preferences for kettle. Despite this variation, communication is not impeded,
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with variants seeming to be intelligible across families due to factors like iconicity and

shared context (Sandler et al., 2011).

Familylects have also been reported in other sign languages; signers from different

families in the village of Nohya in the Yucatà n Peninsula were shown to have different

lexical preferences (Shuman, 1980). San Juan Quiahije Chatino Sign Language

(SJQCSL) also exhibits familylects, unsurprising as the family unit is the primary social

group of individuals in this community (Hou, 2016). The degree of overlap between

familylects in this community can be explained by all families exploiting the same

repertoire of conventional gestures in the wider community, as well as interaction

between families. Of course, within families in SJQCSL there is also variation.

Here, I investigate if there is quantitative evidence for familylects at the lexical level

in Kata Kolok, as this has been observed in other shared sign languages. The analysis

file and data used in this analysis can be found at https://doi.org/10.6084/

m9.figshare.16712932.v1.

In this analysis, I considered the subset of participants who are deaf. In order

to study if there is evidence for the existence of familylects in Kata Kolok amongst

the deaf subset of our sample, I identified which participants were part of the same

extended families. I took the average lexical distance of all pairs of participants who

were considered family members. For instance, participant SK is a family member of G,

RA and SY. So the lexical distances of SK-G, SK-RA and SK-SY are considered for

participant SK. Each lexical distance (e.g. SK-G) represents a data point in the analysis.

In considering family relations, note that I did not group off families and then consider

all links between the groups. Rather, for each participant, I considered who their family

members were. This is relevant for example when considering cousins, which make

up part of the extended family. Just considering the lexical distances between family

members, the mean lexical distance is 0.45 and the standard deviation is 0.10.

In order to study if the mean lexical distance between family members is smaller

than the mean lexical distances across any individuals in the sample of deaf individuals,

I used a permutation test to determine if the mean lexical distance of the families is

significantly different from that of the 1000 randomly generated resamples. To elaborate

on this method, as there are 34 identified family pairs in our sample, I resampled 1000

times new samples of 34 random pairs.

https://doi.org/10.6084/m9.figshare.16712932.v1
https://doi.org/10.6084/m9.figshare.16712932.v1
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As shown in Figure 5.13, I find that the actual mean lexical distance lies inside

of the 95% range of the the generated resamples (2.5 percentile=0.912 and 97.5

percentile=1.096). Thus I conclude that it is not worthwhile to further investigate

the existence of familylects in Kata Kolok. It should also be noted that this is one

permutation test, and with sampling 1000 new resamples the result may differ. This is

not to say that variation isn’t conditioned by families at all in Kata Kolok, but perhaps it

is not as strong as reported in other sign languages. As shown in the current chapter

and the previous chapter, lexical variation in Kata Kolok seems to be conditioned not by

one factor, but by many. Familylects may also exist at other linguistic levels, such as at

the sublexical level.
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Figure 5.13: Permutation test results shown in a histogram. The blue bars represent

the statistic of the resampled groups irrespective of family. The pink line at 0.45 shows

the mean lexical variation of the 34 family pairs. The green lines show the 2.5 percentile

(0.44) and the 97.5 percentile (0.49). The actual ratio lies inside of the 95% range.
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5.10 Appendix D. Comparison to BSL lexical variation

It has been suggested that there is more lexical variation in shared sign languages

than in Deaf community sign languages, though no systematic, quantitative, large scale

comparison has been made. Meir et al. (2012) mention the high degree of variation in

everyday concepts in ABSL, a shared sign language, which they posit has more lexical

variation than ISL, a Deaf community sign language. In an attempt to see if this claim is

warranted, I compare the degree of variation in Kata Kolok, a shared sign language,

and in BSL, a Deaf community sign language. To compare the two languages, I use the

Kata Kolok data presented in Chapter 4 and further analyzed in the present chapter. For

data on lexical variation in BSL, I use the BSL corpus presented in Stamp et al. (2014).

It should be noted that there are several differences between how the two datasets

were collected and annotated. Because of these differences, any results should be

considered with caution. The differences between the BSL corpus and the Kata Kolok

dataset are summarized in Table 5.10. Using the BSL dataset, I applied the same

technique to study lexical variation as done for the Kata Kolok dataset. The analysis

files can be found here:

https://doi.org/10.6084/m9.figshare.16698565.v1

The BSL dataset consists of 105 stimuli, 226 participants across 8 regions in the

UK (as the goal of their project was to study if lexical variation is governed by region in

the UK). Not all participants responded to the same stimuli.

To analyze this data, the lexical distance between participants was calculated

by comparing the stimuli that both participants responded to. With distances between

all 226 participants, a distance matrix was created, consisting of 25,425 distances

between participants. The average lexical distance between participants is 0.57 and the

standard deviation is 0.14. A histogram of the lexical distances between participants is

shown in Figure 5.14.

This is higher than in the Kata Kolok sample, where the average lexical distance

is 0.5 and the standard deviation is 0.09. Hence, the often mentioned claim that there

is a greater degree of lexical variation in shared sign languages than Deaf community

sign languages does not hold for these two samples from Kata Kolok and BSL.

Hierarchical clustering of the distances between participants was visualized using

https://doi.org/10.6084/m9.figshare.16698565.v1
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Figure 5.14: Histogram of distances between all pairs of participants with the mean

lexical distance in pink (M=0.57, SD=0.14).
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Figure 5.15: A dendrogram representing the agglomerative hierarchical clustering of

the lexical distance matrix with all participants in the BSL sample. Participant IDs on

the x axis are colored by the region that participants live in.

a dendrogram, shown in Figure 5.15. By visually inspecting the dendrogram, it can

be observed that the different regions cluster together, some more than others. For

instance, though Glasgow remains clustered, the distances between participants appear

larger than for Belfast or London for instance.

The lexical distance per region is shown in Figure 5.16, showing that certain

regions do exhibit more lexical variation than others, with Glasgow exhibiting the most

lexical variation and Belfast exhibiting the least.

Comparing the Kata Kolok community to these regions (see Figure 5.17), it can

be observed that the Kata Kolok community as a whole has a higher degree of lexical

variation than any of the regions in the UK. It is evident that lexical variation in BSL is
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Figure 5.16: BSL variation per region. The middle line of the boxplot represents the

median, the box represents the interquartile range and the whiskers represent the range

of the data points (0 to 100%).
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Figure 5.17: Lexical distances in BSL and Kata Kolok. Subplot A shows a violin-plot

with the median (white dot), the interquartile range (thick line) and 1.5x the interquartile

range (line) of the lexical distances across the Kata Kolok dataset (1045 distances) and

the BSL dataset (25425 distances). Subplot B is a boxplot showing lexical distance by

region in the BSL dataset (only lexical distances of participants within the same region,

3358 distances) compared to the Kata Kolok dataset (1045 distances). The middle line

show the median, the box the interquartile range and the whiskers the range of the data

points (0 to 100%).

governed by region, as found by Stamp et al. (2014) and as shown in Figure 5.15. For

the Kata Kolok community, it is not as obvious which sociolinguistic variables predict

lexical preferences. Hence, while it is obvious to partition the BSL data by region, for

the Kata Kolok community it is not as obvious.

To conclude, in contrast to the observation that Deaf community sign languages

exhibit less variation than shared sign languages (Meir et al., 2012), I find that there

is a higher degree of lexical variation in Kata Kolok, a shared sign language, than in

BSL, a Deaf community sign language. When the BSL data is analyzed by region, the

Kata Kolok community exhibits a higher degree of lexical variation than any region in

the BSL dataset. This is an initial attempt to study this claim, but more work is needed,

especially with more comparable datasets and with a variety of languages emerging in
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different contexts to come closer to understanding the contribution of different factors

on the degree of lexical variation in sign languages.



Chapter 6

Shared context facilitates

lexical variation in sign

language emergence

Preface

The final content chapter of this thesis presents a novel agent-based model to study

one hypothesis regarding lexical variation and societal structure, namely the role of

shared context.

This chapter has been published in the journal Languages as part of a special

issue on The Emergence of Sign Languages, edited by Wendy Sandler, Carrol Padden

and Mark Aronoff. The only change made from the publication is the addition of a

footnote at the end of the introduction detailing our loose interpretation of the semiotic

triangle of Ogden & Richards, 1925, stressing that our version and theirs differ. This

research was supervised by Connie de Vos and Bart de Boer, who also assisted in

the planning stages of the model1. The model code is available at https://doi.org/

1Conceptualization by KM, BdB and CdV; software by KM; analysis by KM; visualization by KM; writ-

ing—original draft preparation by KM; writing—review and editing by KM, BdB and CdV.
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Mudd, K., de Vos, C., & de Boer, B. (2022). Shared Context Facilitates

Lexical Variation in Sign Language Emergence. Languages, 7 (1), 31.

https://doi.org/10.3390/languages7010031

Abstract

It has been suggested that social structure affects the degree of lexical variation in sign

language emergence. Evidence from signing communities supports this, with smaller,

more insular communities typically displaying a higher degree of lexical variation com-

pared to larger, more dispersed and diverse communities. Though several factors have

been proposed to affect the degree of variation, here we focus on how shared context

facilitates the retention of lexical variation in language emergence. As interlocutors

with the same background have similar salient features for real world concepts, shared

context allows for the successful communication of iconic mappings between form and

culturally salient features (i.e. the meaning specific to an individual based on their

cultural context). Because in this case the culturally salient features can be retrieved

from the form, there is less pressure to converge on a single form for a concept. We

operationalize this theory using an agent-based model, studying how shared context

and also population size affects the degree of lexical variation in a population of agents.

Our model provides support for the relationship between shared context, population

size and lexical variation, though several extensions would help improve the explanatory

power of this model.

6.1 Introduction

In sign language emergence, linguistic variation at the lexical level appears to be the

default, where synonyms for a word coexist within a population. However, over time,

certain pressures seem to push towards lexical uniformity (Meir et al., 2012). We

can thus imagine two extreme cases as languages evolve: one in which the variation

present in language emergence is fully retained and a second where all the variation is

https://doi.org/10.6084/m9.figshare.15163872.v1
https://doi.org/10.6084/m9.figshare.15163872.v1
https://doi.org/10.3390/languages7010031
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lost in favor of uniformity. What are the pressures that may drive languages away from

linguistic variability? It has been proposed that the communicative context in which

languages are used shapes the features of a language (Wray & Grace, 2007; Lupyan &

Dale, 2010; Trudgill, 2011).

De Vos (2011) suggests that a high degree of variation at the lexical level may be

characteristic of sign languages used in communities with a small population size and a

high degree of shared context. Here, we refer to sign languages in such communities as

shared sign languages, following (Nyst, 2012). For instance, Ergin, Kürs̨at, Hartzell, and

Jackendoff (2021) report that the shared sign language Central Taurus Sign Language

is "remarkable in its mixture of more or less conventionalized2 signs or sign sequences,

improvised sign sequences, and competing lexical variant".

Similarly, in Kata Kolok, a sign language which emerged in a relatively small,

insular village community in northern Bali due to a high incidence of hereditary deafness

(de Vos, 2012b; Marsaja, 2008), a high degree of lexical variation has been observed

(Mudd, Lutzenberger, et al., 2020); in response to a picture description task, up to

nine lexical variants were produced, while other stimuli in the task elicited a uniform

response (Mudd, Lutzenberger, et al., 2020). This high degree of lexical variation seems

typical of shared sign languages, and has also been reported in Al-Sayyid Bedouin

Sign Language (ABSL) (Meir et al., 2012), San Juan Quiahije Chatino Sign Language

(SJQCSL) (Hou, 2016) and Providence Island Sign Language (PISL) (Washabaugh,

1986), to name a few.

In contrast, sign languages used predominantly by a large and dispersed group

of deaf individuals, most of whom are born to hearing parents, or Deaf community sign

languages (Mitchell & Karchmer, 2004; Meir et al., 2010), appear to exhibit lower levels

of lexical variation than shared sign languages (Meir et al., 2012). Though, it should

be noted that this claim is mostly based on anecdotal evidence (for one exception

see Washabaugh, 1986). What can be said is that variation in this category of sign

languages is typically structured along different sociolinguistic lines than in shared sign

2We refer to cases with only one form per concept as uniform, while some researchers use the term

conventionalized. Here, we use the term conventionalized for cases when form-concept pairings are generally

accepted, so this would apply to cases where there are potentially more than one existing form associated

with a concept as long as the form is used and understood. For example, Figure 6.1 shows three variants for

pig in Kata Kolok which are conventionalized but not uniform.
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languages, as variation is often the result of schooling practices (Meir et al., 2010).

For example, gender-based school segregation in Dublin has resulted in a gendered

Irish Sign Language lexicon (LeMaster, 2006) and different varieties of American Sign

Language (ASL) have emerged due to race-based school segregation (McCaskill et al.,

2011).

It seems like the degree of lexical variation in shared sign languages is higher

within a small community across the board, with frequent interlocutors using different

forms to refer to a concept (de Vos, 2011). Though there undoubtedly exists struc-

tured variation in shared sign languages, such as within families (Sandler et al., 2011)

and also along sociolinguistic lines (Mudd, Lutzenberger, et al., 2020), high degrees

of variability appear to be maintained between frequent interlocutors. And crucially,

despite the existence of multiple forms associated with a concept, signers are able to

understand each other. A decrease in lexical variation may only be necessary in cases

where communication fails (Tkachman & Hudson Kam, 2020). Meanwhile, in Deaf com-

munity sign languages frequent interlocutors seem to have more synchronized lexical

preferences, with higher degrees of variation evident when comparing larger, more

dispersed subgroups of the community. What aspects of shared signing communities

could reduce the pressure for linguistic uniformity?

One possibility is that shared context alone may be sufficient to maintain high

degrees of lexical variation in a community (Sandler et al., 2011; Tkachman & Hud-

son Kam, 2020). In tight-knit communities individuals can make use of shared social

and psychological information, facilitating the use of strategies like pointing to concepts

and using iconic signs (de Vos, 2011). Iconic signs, in which aspects of a sign’s form

resemble aspects of that sign’s meaning (Dingemanse et al., 2015), would only be

successfully communicated (if not already conventionalized) when individuals share

the same salient features (specific to the individual) associated with a concept (the

entity or concept in the real world). For instance, in the shared sign language ABSL,

the sign for kettle was shown to differ across families, but within families members were

uniform in their productions (Sandler et al., 2011). Regarding this variation, Sandler et

al. (2011) state: "It is likely that all the different versions would be intelligible across the

community, due to iconicity, context, or the existence of synonymy in the signers’ mental

lexicons — possibly all the of the above". We refer to these as productive synonyms,
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i.e. variants that may be used interchangeably, in contrast to perceptive synonyms, i.e.

variants which signers may be aware of in a more abstract sense but not use (Mudd,

Lutzenberger, et al., 2020).

Figure 6.1 shows three signs for pig used in the Kata Kolok community. Many

villagers in this community make a living as farmers, and this is reflected in the iconic

motivations underlying the forms produced for PIG-1 and PIG-2. Given that the

members of this community share a high degree of cultural context, it is probable that

individuals understand each other as they can retrieve the meaning (comprised of

culturally salient features) from the form even if they have not seen or produced the form

themselves. On the other hand, when shared context is not available (i.e. individuals

are from different backgrounds and have different experiences), there is no advantage

to using iconic signs, as the culturally salient features of interlocutors are different.

Continuing with this example, imagine someone from a different community who does

not have experience with farming. The underlying iconic motivations related to this

practice will be meaningless to them and therefore, the meaning comprised of culturally

salient features to the individual in the farming community which are expressed in

the form (e.g. PIG-1 whose underlying iconic motivation refers to how pigs are killed)

would not be understood unless the mapping is learned. As explained by Occhino et al.

(2017), iconicity is subjective as it is dependent on one’s language and culture specific

experience.

Here, we aim to operationalize the relationship between shared context and lexical

variation using an agent-based model. In our model, the language representation is

loosely adapted from the semiotic triangle (Ogden & Richards, 1925)3.. Traditionally,

the semiotic triangle consists of a referent (something concrete or abstract referred to

in a particular instance of a conversation), a meaning (a representation of that referent

3Though we attempted to map the aspects which we found relevant for this model onto the semiotic

triangle for clarity purposes, it should be stressed that it is not strictly how Ogden and Richards (1925) defined

and used it. To further explain, we identified three components which were necessary for modeling the

relationship between iconicity and lexical variation (a concept - an abstract notion, culturally salient features -

culturally salient features of a concept, and a form - the signal conveyed), which we then attempted to align

with the three parts of the semiotic triangle by Ogden and Richards (1925). As our three components do not

map directly onto theirs, we gave the components different names and have explicitly defined them several

times in the text to avoid confusion
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Figure 6.1: Three variants for pig in Kata Kolok produced in response to a picture

description task (Lutzenberger et al., in press; Mudd, Lutzenberger, et al., 2020). The

iconic motivation underlying PIG-1 is how a pig is killed, for PIG-2 is how a pig eats

and for PIG-3 is the ears of a pig. It is clear that the cultural context of the Kata Kolok

community has shaped lexical preferences, illustrated with iconic signs (i.e. mappings

between culturally salient features and forms). For instance, the iconic motivations of

PIG-1 and PIG-2 stem from farming practices in the community.

by a given individual) and a form (the signal conveyed) (terminology following Steels &

Kaplan, 1999, definitions following Vogt, 2002; Vogt & Divina, 2007). The relationship

between these components has been used to study the symbol grounding problem

(Harnad, 1990), i.e. the problem that symbols are internal representations but need to

be linked to entities in the real world (Vogt, 2002). In the semiotics literature, there is

a heavy emphasis on the conventionalized and/or arbitrary link between the form and

referent (see Pierce, 1931), which is unsurprising considering the long-held assumption

that arbitrariness is a design feature of language (de Saussure, 1916; Hockett, 1960).

However, the emphasis on arbitrariness has been reduced due to the overwhelming

presence of iconic forms in sign languages as well as in spoken languages (see Perniss

et al., 2010 for a review).

In the present study, we adapt the semiotic triangle to reflect what we posit is

representative of the linguistic situation in sign language emergence. The semiotic

triangle presented here consists of three components: 1) a concept, i.e. an abstract

notion, 2) culturally salient features, i.e. culturally salient features of a concept, and
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Figure 6.2: The semiotic triangle used in the current study, consisting of a concept

(i.e. an abstract notion), culturally salient features (i.e. culturally salient features of a

concept) and a form (i.e. the signal conveyed). The triangle on the left shows the

traditional view of the relationship, in which an arbitrary link between the form and

concept are made. Depicted in the triangle on the right, we present an alternative route

to connecting the form to the concept, through culturally salient features, which we call

the iconic-inferential pathway. Figure based on Vogt and Divina (2007), adapted from

Ogden and Richards (1925), updated with terminology used in the current study.
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3) a form, i.e. the signal conveyed. For example, a hypothetical semiotic triangle

from an individual in the Kata Kolok community could consist of 1) the concept pig,

an abstract representation of the animal, 2) culturally salient features of a pig in this

farming community, such as how a pig is killed and how a pig eats, and 3) the form

PIG-1 (see Figure 6.1), whose iconic motivation stems from how a pig is killed. The

original contributions of this model are the introduction of culturally salient features and

the iconic-inferential pathway (presented in the right triangle in Figure 6.2). In addition

to the conventional link between form and concept, the iconic-inferential pathway, goes

from form to culturally salient features to concept (or vice versa). Here, an individual can

make use of the culturally salient features (unique to them depending on their culture

and experiences), which can be retrieved from the form given that cultural knowledge is

shared.

Here we provide an example of how these pathways could be used in interaction

with the example of pig again from the Kata Kolok community, using a hypothetical

conversation between individual A and individual B, both from this community. In

conversation, individual A says PIG-1 (iconic motivation referring to how a pig is killed).

However, individual B is not familiar with this form and, using the conventional link (form

to concept), does not know at this stage what individual A is referring to. Subsequently,

individual B uses the iconic-inferential pathway to consider if the form produced by

individual A overlaps with the culturally salient features of any concept. Because

individual B is from the Kata Kolok community, where individuals have knowledge about

farming, including the way in which pigs are killed, individual B recognizes that the form

PIG-1 produced by individual A refers to how a pig is killed, and thus likely refers to

pig. In this way, when individuals share a cultural context, the iconic-inferential pathway

can serve as a supporting route in case the conventional pathway fails. In the event

that neither of these pathways lead individual B to the concept pig, it is probable that

these individuals will need to initiate repair in order to understand each other. Though

many strategies may be used, one option would be for individual B to learn the form

produced by individual A.

Additionally, this theory generates a prediction about the level of iconicity present

in different types of communities. Frishberg (1975) showed that in ASL, a Deaf com-

munity sign language, signs tend to become less iconic over time. Pleyer, Hartmann,
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Winters, and Zlatev (2017) point out that studies from young sign languages and home-

sign systems show that "signs gradually shed their iconic mapping", potentially in favor

of facilitating a larger vocabulary (Gasser, 2004). But what about for shared sign

languages, does the level of iconicity remain high or decrease over time? We predict

that in shared sign languages the level of iconicity will remain relatively high because

iconic forms are successfully communicated, as community members share a high

degree of cultural context. In contrast, in Deaf community sign languages, we predict

that iconicity will decrease, as found by Frishberg (1975) for ASL, because in these

larger communities individuals typically come from diverse backgrounds. Therefore,

retrieving culturally salient features from the form will not be useful when communicative

partners do not share cultural context. Rather, individuals are more likely to adapt their

form moving closer to the form of their communicative partner. This helps them to

successfully communicate, as their forms move towards becoming aligned. However,

as individuals do not likely share a cultural context (and hence likely have different

salient features), adapting one’s form would typically result in a move away from its

initial highly iconic state. Iconicity is often talked about on a large scale, irrespective of

individual experience. While iconic affordances can be grounded in human experience

(e.g. men have beards), it must be stressed that iconicity remains subjective (Occhino

et al., 2017). Thus, here iconicity is considered on an individual level, as opposed to

across entire communities where individuals may not share much cultural context.

In sum, we propose that in communication individuals may exploit an iconic-

inferential pathway, making use of iconic mappings between a form and culturally

salient features if a conventional pathway is not available. In communities like shared

signing communities where individuals share psychological and social information, we

predict that communicative partners will successfully communicate using the iconic-

inferential pathway if the conventional pathway fails. Because communication can

succeed using these two routes, lexical variation should remain high, as well as the

degree of iconicity in the community. On the other hand, in communities like those with

Deaf community sign languages, because there is less shared information, the iconic-

inferential pathway is less useful. Hence, in the case of failure using the conventional

pathway, individuals are more likely to proceed to adapt their lexical form in order to be

understood. Hence, we predict that communities with little shared context will move
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towards lexical uniformity and low degrees of iconicity.

In addition to shared context, it has been proposed that population size may

affect linguistic features (Lupyan & Dale, 2010; Wray & Grace, 2007). In sign lan-

guages, anecdotal evidence suggests that small populations exhibit a higher degree of

lexical variation than large populations (Meir et al., 2012). The relationship between

population size and lexical variation has been supported by a recent computational

model (Tkachman & Hudson Kam, 2020), though previous computational models have

found that conventions emerge faster in smaller populations (Baronchelli et al., 2006).

Though not the main focus of this study, we also consider the effect of population

size on the degree of lexical variability, as typically shared sign languages emerge in

smaller populations and Deaf community sign languages emerge in larger populations.

Modeling shared context and population size may help to tease apart the contribution

of each on the degree of lexical variation.

In the next section, we describe how this theory is operationalized using an

agent-based model. Following this, we begin the results section with two example

model runs focusing on the results of the language game component of the model.

Then, we study the effect of shared context on lexical variation by altering the number

of groups in the model, which determines how many agents share the same cultural

context. Concluding the results section, we briefly consider the effect of population size

on lexical variation. Finally, in the discussion section we first focus on comparing the

model results to the evidence from variation in signing communities. Then, we discuss

the limitations of this model and how it can be extended to account for these limitations.

6.2 Model Description

The model description follows the ODD (Overview, Design concepts, Details) protocol

for describing agent-based simulations (Grimm et al., 2006; Grimm et al., 2010). The

model was implemented in Mesa, a Python framework for agent-based modeling (Kazil

et al., 2020). The model code is available on figshare: https://doi.org/10.6084/

m9.figshare.15163872.v1

Purpose. The purpose of this model is to investigate how shared context affects

lexical variation in sign language emergence. As shown in Figure 6.4, the agent-based

https://doi.org/10.6084/m9.figshare.15163872.v1
https://doi.org/10.6084/m9.figshare.15163872.v1
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model takes the following values as input parameters:

• the number of concepts (n_concepts)

• the number of bits (n_bits): the number of bits (0 or 1) in the culturally salient

features and form

• the number of agents in the model (n_agents)

• the number of groups (n_groups): agents get assigned to a group, which deter-

mines the culturally salient features of an agent

• the initial degree of overlap between the culturally salient features and form

(initial_degree_of_overlap)

• the number of time steps in the model (n_steps)

Entities, state variables and scales. The only entity in the model is the agent.

Agents consist of a unique id and a group that they are assigned to during the initializa-

tion stage (first stage of the model). Further, each agent has a language representation

which is explained in initialization below. Figure 6.3 shows an example of an agent.

Figure 6.3: Example of an agent. The agent’s unique id is 5 as it is the fifth agent

created in this run of the model. In this example, there is only one group (n_groups = 1),

so the agent is assigned to group 1. As there is only one group, all agents in the model

would have the same culturally salient features corresponding to each concept. There

is one concept (n_concepts = 1), concept A; each concept is associated with culturally

salient features and a form, both of which are made up of two bits (n_bits = 2). For each

bit of the form, the probability that it will have the same value as the corresponding bit

in the culturally salient features is determined by initial_degree_of_overlap.
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Process overview and scheduling. The set-up of the model is outlined in ini-

tialization below. After the initialization phase, each time step consists of the processes

outlined in Table 6.1. For details of these processes, see the Submodels sections.

A schematic overview of the order of processes and parameter input is provided in

Figure 6.4.

Initialization. For each group (n_groups), a bit vector of length n_bits is gener-

ated per concept (n_ concepts). Following the example provided on Figure 6.3, the

culturally salient features associated with concept A for group 1 is 10.

Each agent has a language representation which consists of, for each concept,

a set of culturally salient features and a form, as shown in Figure 6.3. n_concepts

determines the number of concepts in the language representation. Each concept is

associated with culturally salient features and a form, each consisting of a number of

bits (0s and 1s), determined by n_bits. The culturally salient features corresponding to

each concept are fixed, based on the group that the agent belongs to. The culturally

salient features and concepts never get updated or changed throughout the simulation.

Only the forms can get updated.

The relationship between each bit of the culturally salient features and the form is

determined by the initial_degree_of_overlap, such that the probability that the form’s

bit is the same as the bit from the culturally salient features is equal to the value of

initial_degree_of_overlap. For a bit of the form that is not chosen to be the same as the

bit of the culturally salient features in the initial event, then that bit is randomly4 assigned

a 0 or 1. If the initial_degree_of_overlap is set to 1, then there is a 100% chance that

each bit of the form will be the same as that of the culturally salient features. If the

initial_degree_of_overlap is set to 0, then each bit of the form is randomly assigned a 0

or 1.

To illustrate with an example following Figure 6.3, take concept A which is associ-

ated with the culturally salient features 10. Before assigning the forms, the language

4We opted not to assign the opposite bit if the initial event fails (and to instead randomly assign 0 or 1)

because assigning the opposite bit (0 for 1 and 1 for 0) would still result in a structured relationship. For

example, if the culturally salient features are 1111 and the initial_degree_of_iconicity = 0, in the current

version of the model this means that the form is comprised of four random bits (ex. 1001), while if the

opposite had been assigned the form would be 0000, where there is still a structured relationship between

the culturally salient features and form.
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Table 6.1: Processes, scheduling, pseudo-code, and parameters

Process Pseudo-code Parameters

Initialization

for each group in n_groups

for each concept in n_concepts

the culturally salient features for that concepts

is a list of length n_bits of randomly

chosen 0s and 1s

create a population with size n_agents

for each agent in the population

randomly assign each agent to a group

set all culturally salient features based on group

for culturally salient features associated with a

concept in the language representation

for each bit in the culturally salient features

there is a probability of initial_degree_overlap

that the corresponding bit of the form is identical

to that of the culturally salient features

else the form is randomly assigned a 0 or 1

n_groups

n_agents

n_concepts

n_bits

initial_degree_overlap

Step continue for n_steps n_steps

Language

game

for each agent in the population

randomly choose another agent and play the

language game

Collect data calculate mean iconicity and lexical variability
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Figure 6.4: Visualization of the steps and parameters in the agent-based model.

During the initialization phase the number of groups (n_groups) determines how many

subsets of the population have the same set of identical culturally salient features

associated with concepts. Then, a number of agents are created (n_agents). Each

agent is randomly assigned to a group, and their language representation is set given

the following parameters: the number of concepts (n_concepts), the number of bits

(n_bits) and the initial degree of overlap between the culturally salient features and

form (initial_degree_of_overlap). At each time step, all agents initiate a language game

(i.e. they take a turn as the sender). At the end of each time step, data on the mean

degree of iconicity and the mean lexical variability is calculated. The model continues

for a number of steps (n_steps).
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representation looks like this: A, 10, NA NA, with 10 referring to the culturally salient

features and NA NA referring to placeholders for each bit of the form. Starting with the

first bit of culturally salient features (1), there is a 50% chance that the corresponding

bit of the form will be identical to the bit of the culturally salient features in this initial

event. In this example the outcome of this event is that this bit is identical, i.e. the first

bit of the form is set to 1. Now the language representation looks like this: A, 10, 1 NA.

The same process is repeated to determine the second bit of the form, and here the

outcome of this event is that the bit of the culturally salient features and of the form

are not identical. From here, a new event occurs, randomly assigning a 0 or 1 to this

bit; here it happens to be a 1 that is chosen (note that at this stage a 0 could also be

chosen randomly). Thus, the final language representation of this agent is: A, 10, 11.

Submodel Language game. At each time step in the model, all agents take one

turn as a sender in the language game. As shown in Figure 6.5 the language game

consists of four steps. First, the sender randomly chooses a concept and produces the

corresponding form. In Figure 6.5 the sender has randomly chosen concept A.

Second, the receiver selects the form which is closest to the form of the sender,

by calculating the distance between the sender’s form to all of the forms of the receiver.

Crucially, in this model, the distance is calculated by comparing the bits at the same

index. In the event of a tie between two or more forms as having most in common with

the form of the sender, a form that tied is randomly chosen. Following the example

provided in Figure 6.5, the sender’s form is 100. The distance to the receiver’s first form

001 is 2/3 and the distance to the receiver’s second form is 100 is 0/3, so the second

form is selected. The concept of the selected form of the receiver is then compared to

the chosen concept of the sender. If the concept of the sender and receiver are the

same, then the language game is over and no update is made. When the language

game succeeds here, we refer to this as form success. However, if the concept of the

sender and receiver do not match (as is the case in the example presented in Figure 6.5

where the sender chose concept A and receiver’s closest match is concept B), then the

language game proceeds to the third step.

Third, the form of the sender is compared to all the sets of culturally salient

features of the receiver. As done in step two between forms, the distances between

the form of the sender and all of the sets of culturally salient features of the receiver
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are calculated, and the closest culturally salient features are selected. Again following

the example in Figure 6.5, the sender’s form is 100. The distance to the receiver’s first

culturally salient features 001 is 2/3 and the distance to the receiver’s second culturally

salient features is 000 is 1/3, so the second culturally salient features are selected. As in

step two, the concept of the receiver’s selected culturally salient features is compared to

the sender’s chosen concept. If these concepts are the same, then the language game

is over and no update is made. When the language game succeeds here, we refer to

this as culturally salient features success. However, if the concepts do not match (as is

the case in the example presented in Figure 6.5 where the sender chose concept A

and receiver’s closest match is concept B), then the language game proceeds to the

fourth step.

Fourth, for the sender’s chosen concept (concept A), the receiver updates one bit

of the form which is different from the form of the sender. If the language game advances

to this stage, we call this bit update. In Figure 6.5, the sender’s form corresponding to

concept A is 100. The receiver’s form corresponding to concept A is 001. The bits that

are different between the sender’s and the receiver’s form are identified (the first and

third bits), and one is randomly selected to be changed to correspond to the sender’s.

In the example, the first bit was chosen, and is changed to a 1; now the receiver’s form

for concept A is 101.

Submodel Collect data. In the data collection phase of each time step, two

calculations are made: the mean degree of iconicity and the mean lexical variability.

Calculation examples are demonstrated with the agents in Figure 6.6.

First, the mean degree of iconicity is calculated for each concept of each agent,

and averaged across all agents. To calculate the degree of iconicity for a concept, the

culturally salient features and the form are compared at each index, with the similarity (or

overlap) calculated. For example, for agent 1 in Figure 6.6, for concept A the associated

culturally salient features are 001 and the form is 100. The similarity between these is

1/3. For concept B, the similarity is 2/3. Thus the mean degree of iconicity for agent 1

is 1/2.

Next, the mean lexical variability in the population is calculated by comparing all

forms for each concept between all pairs of agents in the population. If the agent’s

forms for a concept are the same, i.e. all bits match at each index, then the distance
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Figure 6.5: The steps of the language game with an accompanying example.

Figure 6.6: Example agents for calculating the mean degree of iconicity and the mean

lexical variability.
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between the productions is 0. If two agent’s forms for a concept are not the same, i.e.

the bits differ at one index or more, then the distance between the productions is 1.

Thus, the result of the comparison between two agent’s forms is binary (distance of 0 or

1)5. For each pair, the mean of the distances is taken. We will illustrate this calculation

with the agents depicted in Figure 6.6: for concept A, agent 1’s form is 100 and agent

2’s form is 001. As these forms differ at the first and last positions, the distance between

them is 1. Subsequently, for concept B, agent 1’s form is 001 and agent 2’s form is 100,

which differ at the first and last positions, so the distance between them is 1. Thus, the

mean lexical variability between these agents is 1.

6.3 Results

In this section, we first present results of two single runs in order to explain the measures

used and to give an intuition as to what one single run of the model looks like. Here,

we explain the results of the language games - that is, for each language game it is

recorded if the game ends at form success (step two from Figure 6.5), culturally salient

features success (step three from Figure 6.5) or bit update (step four from Figure 6.5).

Additionally, we show the mean degree of iconicity and the mean lexical variability for

each run.

Following these examples, the role of shared context is investigated by altering the

number of groups (n_groups) and the effect of population size is investigated by altering

the number of agents (n_agents). We consider the effect of these parameters on the

mean lexical variability and the mean degree of iconicity. Model simulations presented

are of 100 repetitions. The remainder of the parameter explorations can be found in

5We chose to use a binary distance measure to calculate the lexical variability between agents, as

opposed to a continuous distance measure because lexical variants in the literature about sign languages

are often treated categorically. This is true especially in studies of shared sign languages which consider the

iconic motivation of signs (e.g. Ergin et al., 2021; Mudd, Lutzenberger, et al., 2020). Unless two forms are

identical, in the model we treat them as different: two different forms have a lexical variability score of 1, while

identical forms have a lexical variability score of 0. However, with larger values of n_bits it may make more

sense to use a continuous distance measure for lexical variability. With larger values of n_bits, the individual

bits may come closer to representing phonetic variation and hence a continuous distance measure may be

more appropriate.
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Appendix A, which investigate the effect of the number of concepts (n_concepts), the

number of bits (n_bits) and the initial degree of overlap between the culturally salient

features and form (initial_degree_of_overlap).

Additional parameter explorations studying the role of initial_degree_of_overlap,

n_concepts and n_bits on lexical variability and iconicity can be found in Section 6.6.

6.3.1 Two example runs

To show what one run of the model entails, we present the results from two single model

runs. Both model runs differ only in one parameter, the number of groups (n_groups)

which determines which set of culturally salient features an agent has. The first run

presented consists of one group and the second run presented consists of ten groups.

The other parameters are the following:

• the number of concepts (n_concepts): 10

• the number of bits (n_bits): 10

• the number of agents in the model (n_agents): 10

• the initial degree of overlap between the culturally salient features and form

(initial_degree_of_overlap): 0.9

• the number of steps in the model (n_steps): 2000

Language game results

First, we present a model run consisting of one group (n_groups = 1), meaning that

all agents belong to the same group. This results in all agents having the same set of

culturally salient features.

In the language game step of the model, as shown in Figure 6.5, there are

three ways in which the language game can end: 1. there is a match between the

concepts associated with the sender’s form and the receiver’s closest form to the

sender’s form (form success, step 2 Figure 6.5), 2. there is a match between the

concepts associated with the sender’s form and the receiver’s closest culturally salient
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Figure 6.7: The proportion of language game results (form success, culturally salient fea-

tures success or bit update) with ten agents all belonging to the same group (n_groups

= 1) for the first ten model stages (left) and over the 2000 stages (right). At each stage,

ten language games were played. The x axis starts at stage one because in stage zero

there is only model set up and no language game. Across all stages of this run, the

majority of the language games end with form success, with a small proportion ending

with culturally salient features success (here abbreviated as CS features success). Over

2000 stages, shown on the right, the results were averaged over 50 consecutive model

stages (i.e. each bar of the histogram represents the mean of 50 stages).

features to the sender’s form (culturally salient features success, step 3 Figure 6.5) or

3. for the form of the receiver corresponding to the concept associated with the form

communicated by the sender, a bit which does not match the sender’s gets updated

(bit update, step 4 Figure 6.5). These three steps where the language game can end

are visualized in Fig Figure 6.7 for the first ten stages (left) and over all 2000 model

stages (right). To further explain, in each time step, each of the 10 agents initiates one

language game, which may end in form success, culturally salient features success

or bit update. At each time step, the proportions of these language game results are

visualized as a barplot. For example, in the run presented in Figure 6.7, at stage 1 out

of the 10 language games played, 8 resulted in form success, 1 resulted in culturally

salient features success and 1 resulted in a bit update.

It is apparent that the vast majority of language games in this run of the model

end after form success. In this run of the model, as all agents share the same set of
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culturally salient features (n_groups = 1) and because all agents create their forms to

be highly iconic (initial_degree_of_overlap = 0.9), the forms of agents will be highly

similar at the start of the simulation. The similarity between the agent’s forms results in

a majority of language games that are ended with form success. Thus, even though the

forms stay highly iconic (they do not get changed as there is hardly any bit updating),

the agents do not use the iconicity present (language games ending in culturally salient

features success) as the language game typically ends with form success. Though,

throughout the simulation there is still a small proportion (around 10%) of language

games ending after culturally salient features success. Few language games end with

a bit update.

Second, we present a model run consisting of ten groups (n_groups = 10),

meaning that each agent is randomly assigned to one of the ten groups. Because

agents are randomly assigned to a group, this does not guarantee that all agents are

in a different group. Once assigned to a group, agents are initialized with the set of

culturally salient features generated for that group.

Figure 6.8 shows the results of the language games of one model run with ten

agents and ten groups for the first ten stages (left) and over 2000 stages (right). For

example, in stage 1, 8 language games end with a bit update and 1 ends after culturally

salient features success and 1 ends after form success. Over the 2000 stages, it is

evident that the proportion of runs ending in a bit update decreases and the proportion

of runs ending in form success increases. Over time, form success becomes the most

prominent result of the language game, though a considerable amount of language

games ending in bit update remains. On the other hand, there are fewer language

games ending in culturally salient features success; it is clearly the most infrequent

result.

In comparing these two example runs it is evident that the results of the language

games with one group and ten groups are different. With ten groups, bit updates happen

much more often than for the run with one group. This is because with one group, if form

success is not possible, then culturally salient features success often is as all agents

share the same set of culturally salient features. However, with ten groups, if form

success is not possible, agents are likely to end the game with a bit update because

it is unlikely that agents share the same culturally salient features so culturally salient
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Figure 6.8: The proportion of language game results (form success, culturally salient

features success or bit update) for a model run with ten agents randomly assigned to

one of ten groups (n_groups = 10) for the first ten model stages (left) and over the 2000

stages (right). At each stage, ten language games were played. The x axis starts at

stage one because in stage zero there is only model set up and no language game. The

majority of the language games at the start of the simulation end with bit update, while

later more end with form success and still a considerable amount end with bit update.

Few language games end with culturally salient features success (here abbreviated as

CS features success). Over 2000 stages, shown on the right, the results were averaged

over 50 consecutive model stages (i.e. each bar of the histogram represents the mean

of 50 stages).
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features success is unlikely to occur. Thus, these two model runs demonstrate how the

number of groups (determining the set of culturally salient features of the agents) affect

the results of the language games, which in turn affect the degree of lexical variability

and iconicity across the population.

Lexical variability and iconicity

Figure 6.9 shows the mean lexical variability and iconicity over the 2000 model stages

for the run with one group (left) and with ten groups (right). As previously mentioned,

the mean lexical variability is calculated by comparing each bit of each form per pairs of

agents (the distance is 0 if all bits match or 1 if more than one bit differ), averaged over

all agents at each stage. The mean iconicity is calculated by comparing the degree of

overlap between each form and corresponding culturally salient features in an agent’s

language representation, averaged over all agents at each stage.

First, when all ten agents belong to one group (as can be seen on the left in

Figure 6.9), the degree of iconicity remains constant throughout the run, above 0.9. The

mean lexical variability drops slightly and then stabilizes around 0.5. In contrast, when

agents get randomly assigned to one of ten groups, the picture is drastically different;

as can be seen on the right in Figure 6.9, both the mean lexical variability and degree of

iconicity decrease more than when all agents are assigned to the same group. Initially

in this case, lexical variability across the population is nearly at 1, i.e. the maximum

distance possible between the forms of agents. As the forms of agents are initialized

on the basis of their culturally salient features, it makes sense that lexical variability

is maximal given that (most) agents get assigned to different groups. From there, the

mean lexical variability drops sharply, indicating that there is more lexical similarity

across the population over time. The degree of iconicity also drops, but stabilizes

above 0.5. Given that the degree of iconicity calculation is done on a bit by bit basis

comparing the form to the culturally salient features, 0.5 would represent chance, i.e.

an unstructured relationship between the bits of the form and culturally salient features.

Though the degree of lexical variability is initially higher when agents get assigned to

one of ten groups, the degree of lexical variability decreases much faster and continues

to do so, whereas when agents all belong to the same group the degree of lexical

variation (after a short drop in the first 100 stages) remains relatively stable. Now that
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Figure 6.9: The mean lexical variability and iconicity over the 2000 model stages for

one run with one group (left) and ten groups (right). With all agents belonging to the

same group (n_groups = 1), the degree of iconicity remains high and the mean lexical

variability across the population remains relatively constant, with more than half of

the forms across the population being different. With ten groups that agents could be

assigned to (n_groups = 10), the degree of iconicity drops and then stabilizes slightly

above 0.5, with 0.5 representing an unstructured relationship between the bits of the

form and culturally salient features. The mean lexical variability across the population

drops sharply and then continues to drop slowly, indicating that forms become more

and more uniform in the population over time.
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two examples with just one run have been discussed, we will show the results from 100

repetitions averaged per run with a focus on lexical variation.

6.3.2 The effect of multiple groups on lexical variation

Figure 6.10 shows different group sizes (n_groups = 1, 2, 5 and 10) and the mean

degree of lexical variability and iconicity over 100 repetitions. The results from the

examples in the previous section are in line with what is shown here; when there is only

one group (i.e. all ten agents have the same set of culturally salient features) at stage

0 there is already some overlap between forms in the population - a lexical variability

value of approximately 0.6, indicating that 40% of forms associated with a concept

are identical across the population at the start of the run. Over time, the mean lexical

variability does not drop below 0.5. The degree of lexical variability in the population

stabilizes more quickly and higher than in the simulations with other groups sizes.

In populations with more groups, the mean lexical variability at the start of the run

is high (between 0.8 and 1) as agents belong to different groups, their culturally salient

features and hence their forms differ. From this initial point of high lexical variability,

there is a sharp decrease in lexical variability. Thus, these populations move quickly

towards more uniform form-concept pairings. The number of groups in the population

determines at which point the mean lexical variability stabilizes. When there are more

groups, the mean lexical variability stabilizes at a lower point. In other words, with more

groups, there is more lexical uniformity.

In populations with more groups and hence more culturally salient features, agents

cannot rely on shared culturally salient features to communicate. Thus, more often,

as shown in the previous section, agents update their forms to be able to successfully

communicate with other agents, which results in more uniform form-concept pairings

across the population.

Additionally, there is a clear relationship between the number of groups and

the degree of iconicity: with fewer groups in the population, the degree of iconicity is

higher. As predicted, when there are fewer groups, iconic mappings are more useful as

more sets of culturally salient features are shared across the population and therefore

the degree of iconicity remains higher. Moreover, as the number of groups increase,
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Figure 6.10: The mean lexical variability over the 2000 model stages for 100 repetitions

of a run with 10 agents being assigned to different groups depending on the run. The

dark line represents the mean and the shaded area represents the standard deviation

of the 100 repetitions. It is evident that there is a relationship between the number of

groups and the speed of the decrease of lexical variability, as well as the final amount

of lexical variability in the population: the more groups in the population, the higher the

initial lexical variability (at stage 0), but the lower the final lexical variability (at stage

2000). In addition, when there are fewer groups, the degree of iconicity is higher.
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the additional difference in lowered iconicity is smaller (e.g. the difference in iconicity

between 1 and 2 groups is larger than the difference in iconicity between 5 and 10

groups). In contrast to the lexical variability values, the degree of iconicity quickly

stabilizes within the first few hundred stages.

6.3.3 The effect of population size on lexical variation

In this section, we explore the effect of population size on lexical variation for different

group sizes. Figure 6.11 shows different population sizes over time, considering

populations consisting of 5, 10, 20, 50 and 100 agents.

In the early stages of the simulation, larger populations exhibit a higher degree

of lexical variability than smaller populations. However, over time larger populations

exhibit a steeper decrease in lexical variability compared to smaller populations. In the

final stages of the simulation, the larger population sizes exhibit the lowest degree of

lexical variability (i.e. the most lexical uniformity). What can explain this?

In larger populations, there are initially more forms per concept (as forms are

generated on an individual level). With agents in a larger population communicating

with a larger number of agents, this results in more bit updates. In turn, bit updates

typically decrease the degree of iconicity, thereby decreasing the chance of successfully

communicating with culturally salient features success. This leads to a feedback loop

whereby the frequent bit updates lead to a decrease in the possibility for communicating

with culturally salient features success. This process is visualized in Figure 6.12. On

the other hand, in smaller populations, there are initially fewer forms per concept. As

agents communicate with a smaller number of agents, less bit updates occur. With

fewer bit updates occurring, a higher degree of iconicity is retained and thus the use

of the iconic-inferential pathway (language games ending in culturally salient features

success) can be successfully used.

Across all population sizes, the more groups, the lower the mean iconicity level

is (see Figure 6.11 iconcity for n_groups = 10 vs. n_groups = 1), as discussed in the

previous section. In addition to this, it is apparent that population size and the number

of groups interact in determining iconicity levels. When all agents belong to one group

(n_groups = 1), there are larger differences in the mean iconicity level in the population



220 Chapter 6. Shared context facilitates lexical variation

Figure 6.11: The mean lexical variability over 4000 model stages for different population

sizes (n_agents), showing three different group values (n_groups) determining the sets

of culturally salient features of the agents. The dark line represents the mean and the

shaded area represents the standard deviation of the 100 repetitions. Regardless of

the number of groups, it is clear that the larger population sizes exhibit a lower mean

lexical variability than small population sizes. In addition, when there are more agents,

the level of iconicity is lower.
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Figure 6.12: The feedback loop from bit updating to the use of culturally salient features

success visualized.

than compared to when agents can be assigned to different groups (n_groups = 5 and

n_groups = 10). The explanation for this relates to the feedback loop mentioned where

a lower degree of iconicity stems from more bit updates. When there are more groups,

regardless of the population size, agents cannot rely on the iconic-inferential pathway

to successfully communicate (language games ending in culturally salient features

success) because their sets of culturally salient features differ. This with more groups,

the feedback loop is present across all population sizes: lower degree of iconicity stems

from more bit updates, here due to the inability of using the iconic-inferential pathway.

6.4 Discussion

Here, we present a first step in developing a model of how shared cultural context

(allowing for the use of iconic mappings) may influence lexical variation in sign language

emergence. We have shown that in a model where agents can rely on iconic mappings

between a form and culturally salient features in addition to form-concept mappings,

populations with a high degree of shared context (operationalized in the model as a

smaller number of groups determining the culturally salient features of agents) retain a

higher degree of lexical variation. In contrast, populations with many different cultural
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contexts do not retain the high degree of lexical variation present in language emer-

gence; instead, because these populations cannot rely on iconic mappings between

form and culturally salient features, the language becomes more uniform overtime.

Overall, these results provide support for the idea that shared context facilitates a high

degree of lexical variation (de Vos, 2011; Meir et al., 2012).

The model generates predictions about how iconicity is retained in the early

stages of language evolution. In populations with a high degree of shared context (i.e.

a smaller number of groups) populations exhibit a higher degree of iconicity. These

populations largely retain the iconicity present in language emergence because agents

initially have similar forms (in the model, there was a high degree of initial overlap

between forms and culturally salient features) and hence they can typically use the

conventional pathway, but if their forms do not match, they can often rely on the iconic-

inferential pathway. As agents rarely need to update their forms, a high degree of

iconicity is retained. For populations with more diverse backgrounds (i.e. a larger

number of groups), the degree of iconicity in the population decreased compared to

more homogenous populations. We are unaware of studies comparing iconicity levels

across signing communities with different social structures, but the model generates a

prediction which could be empirically tested.

We have also explored how population size, in addition to the number of groups,

affects lexical variation. We find that larger groups exhibit more lexical uniformity than

smaller groups, as found by another computational model in which the lexical variant

chosen by the sender depends on their familiarity with the receiver, as agents keep

track of individual preferences as well as a group-level preference (Thompson et al.,

2020). Interestingly, our model finds the same result without storing information about

the frequency of interaction between agents. Instead, the group that agents belong

to determines the initial similarity between forms and the ability for agents to rely on

the iconic-inferential pathway. All in all, our model provides support for the theories

proposing that shared context and population size have an effect on lexical variation in

situations of language emergence. Further work must be done to determine the precise

contribution of each.

Being a model of the real world, the model presented here inherently lacks much

of the complexity present in signing communities. And though simple models permit us
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to formalize and understand the relationships present in complex systems (Smaldino,

2017), this model admittedly has several shortcomings, which we discuss and either

propose as future model extensions or as general limitations of the model.

One of the biggest shortcomings of this model is that agents only store one form

per concept. All sign languages exhibit lexical variation, and while the nature of this

variation is still being determined, it is clear that individuals sometimes use multiple

forms per concept (i.e. productive synonyms) or understand multiple forms per concept

(i.e. perceptual synonyms, see Discussion in Mudd, Lutzenberger, et al., 2020). With

regards to productive synonyms, chaining forms has been attested in several shared

sign languages, such as in ABSL (Meir et al., 2010), SJQCSL (Hou, 2016), in the sign

language of Amami Island in Japan (Osugi et al., 1999) and in Kata Kolok (Lutzenberger

et al., in press; Mudd, Lutzenberger, et al., 2020). In addition, compounding is a strategy

that has been observed in CTSL (Ergin et al., 2021), SJQCSL (Hou, 2016), in the sign

language of Amami Island in Japan (Osugi et al., 1999), in ABSL (Meir et al., 2010)

and in Kenyan Sign Language (Morgan, 2015). For chaining variants together and for

compounding, it is necessary that the language representation in the model allows for

storing several forms per concept. Hence, the model does not account for productive

synonyms. On the other hand, for perceptual synonyms, where an individual can

learn a form-concept association even though they might not use it (unless retrieved

using the iconic-inferential pathway), it is also necessary to store multiple forms per

concept. In the model, perceptual synonyms can be accounted for when agents use

the iconic-inferential pathway; the agents haven’t stored an additional form mapping

for a concept, but they may be able to retrieve it. Though, in real life, it is much more

probable that individuals retain multiple forms associated with a concept even though

they have a preference for one form. Thus, in order to account for these different types

of synonyms, multiple forms would need to be stored per concept. However, doing so

would complicate the dynamics of the language component of the model; it would be

necessary to assign weights to each form, as well as assigning a weighing factor for

taking iconic affordances into account.

In addition, the update rule in interaction models adapting one’s variant in an

extremely simplistic, perhaps unrealistic manner. In the case of a bit update (if com-

munication at the form and culturally salient features level has not been successful),
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the receiver always adapts to the sender. There are many reasons why one individual

may adapt their linguistic preferences, such as due to a frequency bias or prestige

bias (Boyd & Richerson, 1988). Here, agents do not keep track of how many times

they have heard a certain variant, nor do agents have varying levels of prestige in

the community. The agents simply update if communication has failed. Currently, the

language update rule in the model is most akin to explicit feedback from the sender to

the receiver. Though explicit feedback is one mechanism used in repair, it is not the

only avenue by which individuals come to successfully communicate. Research from

repair sequences in cross-signing, where deaf signers with different native languages

meet and communicate, offers an insight into the process of language grounding in its

initial stages (Byun, de Vos, Bradford, Zeshan, & Levinson, 2018). In short, signers

anticipate difficulties in communicating and typically produce "try markers" to signal this.

The individual producing a try marker essentially asks their communicative partner to

produce a grounding sequence, such as an affirmation that their production was under-

stood or a request for clarification. This example highlights that negotiation and repair

are complex and nuanced. One way in which the model can be extended is to have

more variety in who updates and why exactly, following research from communication

in contexts of language emergence and cultural evolution.

Related to this, the update rule dictates that the receiver changes one bit to match

the corresponding bit of the sender. In a way, this could be akin to moving phonetically

closer to the sender’s form. However, this is unrealistic in cases where two forms are

very different. Take the example of "sofa" and "couch", both forms referring to the

same concept. In the event of communicative failure, it wouldn’t make much sense

for an individual to adapt only part of the word (e.g. "couch" gets updated to "souch").

Rather, what would make more sense in this situation is for one individual to learn

and potentially use the form sofa from now on. For a more accurate model of human

communication, the update rule needs to account for different situations (from learning

an entirely new lexical variant to adapting one’s existing form phonetically). More

research into findings from language acquisition, psycholinguistics and sociolinguistics

is necessary in order to adapt this element of the model.

Another unrealistic aspect of this model is that in reality between individuals

from different cultures there is likely overlap between the culturally salient features
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corresponding to concepts, something that is not present in the model as all culturally

salient features are generated independently for each group. Returning to the example

of pig, two individuals from different cultural contexts (ex. one from a farming community

and another from an urban area) are both likely to have salient features comprised of the

shape of the pig, the appearance of the animal’s face with ears and a snout, the fact that

it is an animal, as well as culturally specific points. Though there is undoubtedly overlap

in salient features across cultures, for some cultures certain aspects may be more

salient than for others. In an urban community with less interaction with pigs, the facial

features or the fact that it is food might be more salient, while for a farming community,

how it is killed could be more salient. Yet another consideration is how easy it is to

represent different facets of culturally salient features. It has been shown in different

sign languages that certain semantic categories prompt preferences in production,

called patterned iconicity (Padden et al., 2013). For example, across languages signers

prefer to use personification (where the culturally salient features are mapped onto

the signer’s body) for animal signs (Hwang et al., 2017). In the model, as all culturally

salient features are generated for specific groups, there is no relationship between

the culturally salient features across groups. Given that certain aspects of culturally

salient features are typically shared cross-culturally and that patterned iconicity exists,

a natural extension of the model would be to model culturally salient features as related,

with some degree of overlap between the groups. Better yet, the culturally salient

features should even be different for each individual, though more similar for those in

the same group. One final point about the culturally salient features is that in the model

only forms can be updated. However, which features are culturally salient in real life get

adapted over time, and thus in the model this may be important as well. How exactly to

model this remains an open question.

Though there are undoubtedly many more ways in which the model can be

updated to more closely resemble signing communities and the interaction occurring

within them, one final point to address is interaction in the model. In this version of

the model, agents all have an equal probability of interacting. This is not the case

in real communities - individuals are more likely to interact with some than others.

The dynamics in shared signing communities and Deaf community sign language

communities with regards to interaction may differ, or may be shaped merely because
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of the size. As shared sign languages are typically small, insular communities, there is

more community-wide interaction. On the other hand, in Deaf community sign language

communities which often span entire countries, individuals would typically interact with

those in their same city and/or school. This is reflected in the variation observed in

these communities; for example in BSL, a Deaf community sign language, as individuals

are more likely to interact with those in their same region, there is substantial regional

variation (Stamp et al., 2014). In terms of adding this element of interaction to the

model, it would be possible to have agents prefer to select those nearest to them to

interact with. This implementation detail may have consequences for the degree and

speed of lexical variability, and should thus be the subject of future work.

All in all, this research is a first step in developing a model to formalize how

shared context affects the degree of lexical variation in sign language emergence.

It is unclear to what extent these results may extend to language emergence in our

earliest language-using ancestors, who lived in small, insular communities, or esoteric

communities (Wray & Grace, 2007) and whose communication was likely multi-modal

(Levinson & Holler, 2014; Perlman, 2017). It has been proposed that iconic signs are at

the root of proto-language emergence (Számadó & Szathmáry, 2012). In addition to

the iconic affordances of the manual modality, there is ample evidence that iconicity is

also possible and used in the vocal modality, and has been shown in spoken languages

(Johansson & Zlatev, 2013; for a review see Perniss et al., 2010). As proposed by Meir

et al. (2012), it seems plausible that our earliest language-using ancestors residing

in small, insular groups had a highly variable lexicon, which may have become more

systematic over time. By considering different parameter settings, this model may also

provide insights for investigations into what language may have looked like in early

human evolution.
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6.5 Conclusion

In this paper we have presented a model about how lexical variation is affected by

societal structure, with an emphasis on shared context. The model validates theories

from situations of sign language emergence which find that smaller, insular communities

with high degrees of shared context exhibit high degrees of lexical variation, while larger,

dispersed communities with more diverse backgrounds (and hence less shared context)

exhibit more lexical uniformity. We have shown that shared context, as well as population

size, are probable factors influencing lexical variability. Though several additions to the

model would yield a more realistic language representation and hence a more valid

model, this simple model provides a first step.
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6.6 Appendix A. Parameter exploration

Initial degree of iconicity

The fixed parameters during this parameter exploration are: n_concepts=10, n_bits=10,

n_agents=10, n_steps=4000. The parameters that are varied are n_groups and ini-

tial_degree_of_overlap. As shown in Figure 6.13, when there is only one group where

the form and culturally salient features completely overlap, lexical variability is 0 (i.e.

all agents have the exact same form for each concept). Except in this case, for all

group sizes, smaller overlaps between the form and culturally salient features (ini-

tial_degree_of_iconicity ) result in a lower level of lexical variability. In other words, less

lexical similarity initially leads to more uniform productions. With regards to the degree

of iconicity, the degree of iconicity is higher in populations with a more initial overlap

between form and culturally salient features.

The number of concepts

The fixed parameters during this parameter exploration are: n_bits=10, n_agents=10,

n_groups=5, initial_degree_of_iconicity=0.9, n_steps=2000. The number of concepts

is the only parameter varied.

Figure 6.14 shows the model results of how a different number of concepts

affects lexical variation over time. Beginning with runs with a low number of concepts,

the lexical variability value quickly stabilizes near the starting lexical variability value.

However, in runs with more concepts, the mean lexical variability initially increases

before decreasing. The runs with 50 and 100 concepts do not stabilize after 2000

stages. But it is clear that runs with a larger number of concepts ultimately results in a

lower lexical variability value. Why would this be? When there are two concepts and

ten bits, because there are only two concepts needed to successfully communicate,

there is less pressure for the forms to be identical. With few competing concepts,

this means that as long as the form from one is different enough from the form of the

other, communication will be successful. However, with more concepts, there is more

pressure towards uniformity due to the number of competing concepts. In addition, the

final degree of iconicity is comparable across runs with different numbers of concepts.
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However, for runs with more concepts, the degree of iconicity remains higher for longer

before reaching a stable point. This is likely because each step of the model only has

one language game and hence one chance to update a form. Thus, with more concepts,

it takes longer for all forms in the population to update and move away from the initial

level of iconicity.

The number of bits

The fixed parameters during this parameter exploration are: n_concepts=10, n_agents=10,

initial_degree_of_iconicity=0.9, n_steps=2000. The parameters that are varied are

n_groups and n_bits. Figure 6.15 shows how lexical variability is affected by the number

of bits of the forms and culturally salient features. The number of bits affects lexical

variability at stage 0, with more bits yielding a higher lexical variability value. Overtime,

the more bits there are the more lexical variability is maintained. When there are few

bits (n_bits = 5), the lexical variability value quickly decreases, before stabilizing above

0. It is probable that these stark differences are the result of using a binary distance

measure and the amount of stages that the model was run for: with more bits, more

time is needed to make the forms the same. The non-binary distance measure would

reveal more similarities across forms. There is of course a relationship between the

number of bits and the number of concepts in the model; for example, with a large

number of bits and few concepts not all bits of a form would need to be identical across

the population for the same concept. As long as communication is successful given

the pressures imposed by the bits and concepts, there will not be pressure for the

population to fully converge on the exact same form for each concept. Thus, for when

there are many bits for the form and culturally salient features (when there are few

concepts), it would make more sense to have a more nuanced distance measure taking

into account the degree of overlap between forms produced across the population for a

given concept.

Finally, with regards to iconicity, the more bits there are, the higher the degree

of iconicity. When the language game ends with bit update, only one bit gets updated

regardless of the number of bits. Hence, with more bits, it will take longer for the forms

to move away from their iconic starting point. In addition, the level of iconicity interacts
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with the number of groups: with fewer groups iconicity remains higher than with more

groups. For instance, when all agents belong to the same group, their forms are similar

and they are likely to additionally make use of the iconic-inferential pathway. Without

the need for bit updating in the case of communicative failure, the level of iconicity in

the population remains high.
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Figure 6.13: The mean lexical variability over the 2000 model stages for different

numbers of groups that agents can be assigned to (n_groups): 1, 5 and 10, while

varying the degree of overlap between the form and culturally salient features at the

start of the run (initial_degree_of_overlap). The dark line represents the mean and

the shaded area represents the standard deviation of the 100 repetitions. With one

exception (n_groups = 1 and initial_degree_of_overlap = 1), the higher the initial degree

of overlap between form and culturally salient features, the lower the mean lexical

variability. In addition, the higher the initial overlap between form and culturally salient

features, the higher the degree of iconicity.
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Figure 6.14: The mean lexical variability over the 2000 model stages for numbers of

concepts (n_concepts): 1, 5, 10, 20, 50, 100. The dark line represents the mean and

the shaded area represents the standard deviation of the 100 repetitions. When there

are more concepts, the initial value of lexical variability increases. While the runs with

few concepts quickly stabilize at a fairly high degree of lexical variability, the runs with

more concepts have a lexical variability value which continues to decrease. The degree

of iconicity is comparable across runs with different numbers of concepts, though runs

with more concepts retain a higher degree of iconicity longer before stabilizing.
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Figure 6.15: The mean lexical variability over the 2000 model stages for runs with a

different number of bits (n_bits): 5, 10, 20, 50, 100 and for different numbers of groups

that agents can be assigned to (n_groups): 1, 5, 10. The dark line represents the mean

and the shaded area represents the standard deviation of the 100 repetitions. The

lexical variability value is higher when there are more bits. The number of bits also

affects the lexical variability value at stage 0. The more bits, the higher the iconicity

level.
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Chapter 7

Summary and general

discussion

The main goal of this thesis was twofold: first, to study how social structure affects the

persistence of shared sign languages, and second, to study how social structure affects

lexical variation in sign languages. To answer both of these questions, I focused on

shared sign languages, and in particular on Kata Kolok.

Concretely, in this thesis I aimed to investigate the following questions:

• How does social structure - affecting who transmits language and genes to who -

influence the persistence of shared sign languages?

• How does social structure shape the lexical preferences of signers in the shared

sign language Kata Kolok?

• How does social structure determine the degree of lexical variability in sign

language emergence?

This thesis contributes to ongoing research in the fields of sign language linguistics and

cultural evolution. In the following section, I outline the main findings from each of the

five thesis chapters and contextualize the findings.

235
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7.1 Summary of chapters and their contributions

In Chapter 2: A model of sign language persistence I built on a previous compu-

tational model by Aoki and Feldman (1991), which incorrectly predicts that ABSL, a

shared sign language, does not persist (Gialluisi et al., 2013). Hypothesizing that vari-

ous aspects of the social structures of shared signing communities help facilitate their

persistence, I developed an agent-based model to investigate how two factors related

to social structure in shared signing communities impact the persistence of the sign

language using Aoki and Feldman’s (1991) model as a starting point. First, as hearing

signers typically make up a considerable part of shared signing communities (Zeshan

& de Vos, 2012), I added the possibility for hearing signers to take part in the sign

language transmission process. Second, I added more modes of cultural transmission

of the sign language (beyond just vertical), as the social structure in shared signing

communities is such that entire extended families may frequently interact and hence

take part in the sign language transmission process (e.g. for Kata Kolok see Marsaja,

2008).

In this study, I focused mainly on the case where there is not a tendency for

deaf-deaf marriages, which has been observed in several shared signing communities,

such as in the ABSL community (Kisch, 2012) and in the Adamorobe Sign Language

community in Ghana (Kusters, 2012). As deaf-deaf marriages ensure the simultaneous

cultural transmission of the sign language and the genetic transmission of alleles

causing deafness, without this marriage tendency, other factors must be considered

to explain sign language persistence. To further explore this problem, I built an agent-

based model. The benefit of using this type of model (as opposed to mathematical

models, as used by Aoki & Feldman, 1991) is that it allows for the representation

of complex aspects of social structure, such as family relations and transmission, in

a structured way. The findings from this study were unsurprising: the more likely

hearing individuals are to take part in the sign language transmission process and the

more modes of sign language transmission in use (vertical, horizontal, oblique and

grandparental), the more likely the sign language is to persist. The main contribution

of this chapter is the creation of a model which is more representative of the social

structure of shared signing communities, where members of the linguistic community
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are largely comprised of hearing signers as observed in existing sign languages (e.g. in

the ABSL community, Kisch, 2012; and in the Kata Kolok community, Marsaja, 2008)

and where the transmission process often includes family members (e.g. in the Kata

Kolok community, Marsaja, 2008).

However, as highlighted by Gialluisi et al. (2013) and described in the profiles

of shared signing communities in Zeshan and de Vos (2012), the social structures of

shared signing communities are much more complex than the factors considered in the

agent-based model so far, and an accurate model of shared sign language persistence

requires considering other factors. In an effort to do so, in Chapter 3: A data driven

model of sign language persistence I built on the agent-based model in the previous

chapter in two key ways: first, I modeled sign language transmission as a family-wide

process instead of just considering two family members as done in the previous version

of the model (e.g. the granddaughter and the grandfather in grandparental transmission).

This follows from observations from shared signing communities in which the family is

the focal point of the transmission process (e.g. in the Kata Kolok community, Marsaja,

2008; in the Ban Khor Sign Language community, Nonaka, 2012). Second, I modeled

a tendency for consanguineous (i.e. cousin-cousin) marriages, whereby agents marry

a cousin if they can. This type of marriage pattern has been attested in several shared

signing communities, such as in the ABSL community (Sandler et al., 2005), in the

Alipur Sign Language community (Panda, 2012) and in the Ban Khor Sign Language

community (Nonaka, 2012). Cousin-cousin marriages are particularly interesting,

especially in the case where there are no deaf-deaf marriages; cousins are more likely

to carry the same genes compared to a random individual in the population, so if an

individual carries an allele causing deafness it is likely that their cousin will too. In this

way, consanguineous marriages are hypothesized to help the simultaneous genetic

transmission of deafness and the cultural transmission of the sign language. I found

that both language transmission within the full family and consanguineous marriages

increase the chance that the sign language will persist. By adding these elements to

the model, I again moved closer to a realistic model of sign language persistence.

Another contribution of this model is that it uses demographic data from the Kata

Kolok community and the ABSL community as model input. Specifically, I used real

values for the population size, the proportion of deaf individuals and hearing individuals
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who carry a recessive allele causing deafness and the assortative marriage value. For

Kata Kolok there is very detailed data from many angles, from the proportion of deaf

and hearing individuals carrying recessive allele(s) causing deafness (Winata et al.,

1995) to the proportion of deaf and hearing signers in the community (Marsaja, 2008).

For ABSL I used the estimates provided by Gialluisi et al. (2013). All in all, these two

chapters showed how understanding the social structure of communities - here, which

govern the transmission of the sign language and recessive alleles causing deafness -

help in creating more accurate models.

In Chapter 4: The effect of sociolinguistic factors on variation in the Kata

Kolok lexicon I explored how the social structure of the Kata Kolok community influ-

ences lexical variation. To do this, we designed a picture elicitation task and collected

data from signers across the Kata Kolok community, aiming to sample participants with

different sociolinguistic profiles. Many investigations of this type have been of Deaf

community sign languages, where typically there is a clear prediction that variation is

influenced by schooling (e.g. gender-based schooling dictates lexical preferences in

Irish Sign Language, LeMaster, 2006). For shared signing communities, and here for

the Kata Kolok community, hypotheses as to which social factors govern variation aren’t

as clear. As we were unable to use the analytical tools from previous investigations from

Deaf community sign languages (e.g. the study of lexical variation in BSL from Stamp

et al., 2014), we developed an explorative approach to study variation. Specifically,

we explored two aspects of variation: whether the degree of variation differs between

groups (e.g. deaf and hearing; women and men; old and young) and whether groups

have different lexical preferences. To check if there were differing degrees of variation

between groups, we compared entropy levels across groups, and did not find that any

group had less variation than their counterpart (e.g. deaf and hearing signers had

comparable degrees of variation). To explore which sociolinguistic factors govern varia-

tion, we visualized the lexical preferences of signers using multi-dimensional scaling.

We also used a clustering algorithm (K-Nearest Neighbors) on the lexical distances

between participants to see if the sociolinguistic grouping of one’s neighbors (e.g. the

gender of the neighbors) predicted the grouping of an individual (e.g. a woman). And

finally, we used logistic regression to see if the coordinates of the multi-dimensional

scaling predicted sociolinguistic groupings. Preliminary findings here suggest that there
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is lexical variation between deaf and hearing members of the Kata Kolok community, as

well as potentially between women and men. However, a follow-up study testing these

sociolinguistic factors explicitly would be needed for confirmation. In addition, prior to

comparing sociolinguistic groups, we noted that in general lexical variation appears

high in this community, with many different variants produced per stimulus.

However, in this exploration there were several shortcomings. Most notably,

only the first lexical variant produced by participants was considered in the analysis.

In Chapter 5: Social structure and lexical uniformity: a case study of gender

differences in the Kata Kolok community I reanalyzed the data collected in the

previous chapter and expanded on the analysis. Crucially, I took into account all of

the lexical variants produced by participants, using Jaccard distance (one minus the

Jaccard similarity used by Horton, 2018). I showed that using Jaccard distance with

this dataset does not correlate with the previous analysis just using the first variant

produced, highlighting the importance of taking the full participant production into

account in analyses. Furthermore, with this analysis, I set out to answer a specific

question: do women and men in the Kata Kolok community have differing degrees of

lexical variation? I hypothesized that they would because in Balinese culture, women

have more tightly knit social structures than their male counterparts (Marsaja, 2008).

I drew a parallel between women and esoteric communities, and men and exoteric

communities (terminology adapted from Thurston, 1989; Wray & Grace, 2007) based

on their interaction patterns within the community. Typically, studies investigating the

linguistic niche hypothesis compare morphosyntactic features across communities with

different social structures1 (e.g. Lupyan & Dale, 2010), whereas I studied lexical variation

in subgroups with different social structures within one community. By comparing the

degree of variation within the women’s sample and the men’s sample, I found that

women indeed exhibit a higher degree of lexical variation than the men. While this

could be due to the differences in their social structures within the community as I

hypothesize, more detailed data on the social patterns of women and men is needed to

answer this question.

In addition, anecdotal evidence suggests that shared sign languages exhibit more

1Though, see Meir et al. (2012, p. 275-276) for a short discussion of how social structure impacts the

degree of lexical variation in a community, supported by anecdotal evidence.
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variation than Deaf community sign languages (Meir et al., 2012). I tested if there is any

merit to this claim by comparing the degree of lexical variation in Kata Kolok to that of a

Deaf community sign language, BSL, using the BSL dataset from Stamp et al. (2014).

Overall, I found that BSL exhibits more variation than Kata Kolok, providing evidence

against the common claim that shared sign languages exhibit more variation than Deaf

community sign languages. However, when the BSL community is analyzed by region,

Kata Kolok exhibits more variation than any region in the BSL community. I will consider

this result in the general discussion, positing that this result is not incompatible with

previous claims.

I continued with the theme of lexical variation and social structure in Chapter

6: Shared context facilitates lexical variation in sign language emergence. I

considered what exactly might be the mechanism pushing some communities towards

retaining the lexical variation present in language emergence. I focused on the role of

shared context, which affords the use of iconic signs between individuals with a high

degree of shared context (de Vos, 2011; Sandler et al., 2011; Tkachman & Hudson Kam,

2020). I implemented this theory as an agent-based model, and indeed found that a

higher the degree of shared context across the population leads to a higher the degree

of lexical variation. Interestingly, the agent-based model predicts that larger population

sizes exhibit lower degrees of lexical variation than smaller populations, in line with

what is posited by sign language linguists (Meir et al., 2012; de Vos, 2011) as well as

another computational model (Thompson et al., 2020). It appears that shared context

alone is enough to obtain this result.
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Concisely, the most important contributions of this thesis are the following:

• Shared sign language persistence is facilitated by the community’s social struc-

ture, such as the high proportion of hearing signers, different modes of language

transmission and marriage patterns.

• Contrary to the prevailing belief, the degree of variation within a shared sign

language is not always higher than that of a Deaf community sign language, as

exemplified by a first quantitative comparison of Kata Kolok and BSL. However,

lexical variation in the Kata Kolok community is higher than all regions of the BSL

community, a result which I posit is due to the social structure of the communities.

• Shared context, providing means of exploiting iconic mappings, is shown to be a

viable candidate in explaining the retention of the initial lexical variation present

in shared signing communities.

• I brought forward novel quantitative methods to the study of lexical variation in

sign languages, especially relevant for communities in which there aren’t clear

predictions about what governs variation (as is often the case in shared signing

communities).

7.2 Discussion

7.2.1 Shared sign language persistence

In Chapter 2 and Chapter 3 of this thesis I expanded on an existing model of sign lan-

guage persistence (Aoki & Feldman, 1991) with the aim of representing the persistence

of existing shared sign languages. I showed that it is crucial to take into account various

aspects of the social structure of shared signing communities in order to explain their

persistence. Gialluisi et al. (2013) have outlined a variety of ways in which the social

structure of shared signing communities facilitates their persistence. In the agent-based

model, I implemented a number of these recommendations, including the incorporation

of hearing signers and extended family members in the transmission process, as well

as different marriage tendencies observed across shared signing communities.
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The role of hearing signers

A main finding from the model presented in Chapter 2 is that the more hearing signers

considered in the transmission process, the more likely a shared sign language is

predicted to persist. Among other societal factors, it is crucial to consider hearing

signers in the transmission process of these signing communities, as in shared signing

communities hearing signers often account for the majority of signers (Kisch, 2008;

Nyst, 2012). Hearing signers have also been argued to play key roles in sign language

transmission. One illustration of this is from Lanesman and Meir (2012, p. 164) in a

description of the Algerian Jewish Sign Language (AJSL) community: "It is interesting

that in this signing community, some deaf members acquired AJSL not from older

deaf language models, but from fluent hearing signers, a situation very different from

urban signing communities in which deaf children often acquire the language from deaf

peers."

Not only do hearing signers in these communities play an essential role in the

transmission process, as highlighted by the agent-based model results, but they also

may play a unique role in "preserving" the shared sign language when deaf individuals

from the shared signing community come into contact with a Deaf community sign

language. Zeshan and de Vos (2012, p. 8) consider that hearing signers in these

communities could be called the "safekeepers" of the language, as deaf signers often

come into contact with Deaf community sign languages and in many cases begin

adopting signs from the Deaf community sign language into the shared sign language.

Illustrating this point, Lutzenberger (2021, p. 6) describes the contact between Kata

Kolok and BISINDO, the surrounding Deaf community sign language: "Code-switching

and lexical borrowing has not been observed with hearing signers who usually do not

know BISINDO or mingle with these deaf friends". As such, the hearing signers have

less contact with Deaf community sign language users, and thus likely retain the version

of the shared sign language used prior to contact.

Given that hearing signers make up a large part of shared signing communities,

are active in the transmission process and typically have less exposure to Deaf com-

munity sign languages than deaf individuals do, it would be worthwhile to have more

hearing signers represented in corpora of shared signing communities. As mentioned

by de Vos (2016), across sign languages, typically just native deaf signers have been
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sampled. In studies of the preservation and documentation of shared signing commu-

nities, sociodemographic factors, such as the proportion of deaf and hearing signers,

should be considered in order to obtain an accurate representation of the linguistic

features and persistence of a language.

A unique case of gene-culture co-evolution

Human evolution has been shaped by the interaction between genes and culture (Laland

et al., 2010). As highlighted in Chapter 2 and Chapter 3, shared sign languages are a

clear example of this2, in which there is a co-evolution between hereditary deafness and

cultural adaptations to deafness, for instance in the use of sign language. Genetically,

due to a mutation in the population, an individual is born deaf. What could happen is

that deafness is selected against, and hence the deaf individual would be less likely

to marry and have offspring, resulting in the genes for deafness not being passed on.

This is far from what is seen in shared signing communities. Culturally, shared signing

communities adapt to deafness in many ways, instigating a positive feedback loop

between genes for deafness and cultural adaptations to deafness (Levinson & Dediu,

2013). Many of the cultural adaptations to deafness in shared signing communities

were incorporated in the agent-based models presented in Chapter 2 and Chapter

3, such as hearing signers using the sign language, extended family members using

and transmitting the sign language and different marriage tendencies with regards to

deaf/hearing status.

As discussed in Chapter 2 and Chapter 3, the co-evolutionary loop between genes

for deafness and cultural adaptations to deafness is complete in the model via marriage

patterns. Marriage tendencies, determining who has offspring with who, ultimately

affects the frequency of the recessive alleles causing deafness in the population. As

demonstrated by Aoki and Feldman (1991), sign language persistence fares best with

more deaf-deaf marriages. In addition, in Chapter 3, I showed that consanguineous

marriages result in more deaf offspring. For consanguineous marriages, this is because

cousins are more likely to have similar genes; if one individual is deaf or carries an

allele causing deafness, it is likely that their cousin will as well, and thus it is more

2See Dediu (2015, p. 206-207) for a discussion about gene-culture co-evolution in Deaf community sign

languages, which is beyond the scope of this thesis.
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probable that their offspring will be deaf than if they had an offspring with a random

member of the population.

The causes of hereditary deafness across communities are different. For instance

in the Kata Kolok community, deafness is a result of a mutation of the MYO15A gene

at the DFNB3 locus, which alter the stereocilia present on hair cells in the cochlea,

which are essential for hearing (Liang et al., 1998). In the ABSL community, a different

gene is affected: a mutation at the DFNB1 locus, resulting in the inability to regulate

potassium in the inner ear (as discussed in Dediu, 2015). In both cases, these mutations

result in non-syndromic deafness, meaning that no other abnormalities occur. Both of

these mutations are recessive. As discussed and modeled in Chapter 2 and Chapter

3, individuals must acquire two copies of the recessive allele in order to be deaf

(homozygous). This results in some hearing individuals who may carry one allele

causing deafness and one unaffected allele (heterozygous). Crucially, heterozygous

individuals may transmit the recessive allele to their offspring.

It is noteworthy that most mutations causing deafness in shared signing commu-

nities are recessive. When deafness is recessive, deaf offspring are not always born

to deaf parents, though it is common that they have a deaf relative, such as a deaf

grandparent (Lane et al., 2000). An interesting cultural consequence of this is that

hearing individuals related to deaf individuals are likely heterozygous and acquire the

sign language to communicate with their relatives. Hence, even though the individual is

hearing, if heterozygous and using the sign language, the recessive allele and trans-

mission of the sign language can still occur in parallel when they have offspring. In

sum, a recessive mutation causing deafness often results in a) deaf individuals being

born in different generations across extended families and b) hearing signers in these

families who are heterozygous and sign with their deaf relatives. This is likely to result

in a "larger and more stable signing community" (Meir et al., 2010, p. 19). In contrast,

when a gene causing deafness is dominant, deafness is more likely to be present in

subsequent generations in immediate families and therefore less hearing people would

take part in signing community (Lane et al., 2000).

The co-evolution of deafness and cultural adaptations to deafness presents a

unique example of gene-culture co-evolution for two reasons: first, in this example,

a genetic mutation instigates the feedback loop between genes and culture. And
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second, this example demonstrates that initially deleterious recessive traits can persist

if culturally supported. This lies in contrast to other often cited examples of gene-culture

co-evolution.

Dominant mutations with immediate benefits are likely to invade the population

(e.g. lactose tolerance in communities practicing dairy farming), while deleterious

dominant mutations are unlikely to. One frequently cited example is the case of lactase

persistence which has co-evolved with dairy farming. In this case, the advent of dairy

farming preceded the selection for processing lactose into adulthood. The mutated

dominant gene allowing to process lactose into adulthood is not deleterious, but is

already initially advantageous as the affected individual will be able to process lactose

(Holden & Mace, 2009). The co-evolution between the persistence of deafness and

adaptations to deafness represents the most well documented example of a case where

deleterious genes increase in frequency in response to cultural adaptations, though it is

likely that other examples of this exist.

As pointed out by Levinson and Dediu (2013), the study of sign languages

highlights that a genetic mutation causing deafness can direct language in an entirely

new direction - here, in the manual modality. This highlights the flexibility of language in

humans, adapting quickly to the affordances provided. In this case, even though only a

small percentage of the population is deaf, in shared signing communities, it is often

the case that the entire community adapts to deafness by learning to sign as well as in

other ways (e.g. as discussed for the case of Kata Kolok, Lutzenberger, 2021). There is

a hard constraint imposed, in the sense that deaf individuals will communicate using

the manual-visual modality. This can be tied into work showing how culture can amplify

small genetic biases in the evolution of language (Thompson, Kirby, & Smith, 2016),

even when these biases may only be present in some subsets of the population.

7.2.2 Lexical variation and social structure

This section of the thesis can be situated in the framework of the linguistic niche, the

hypothesis that languages subject to the same selective pressures will exhibit similar

linguistic features (Lupyan & Dale, 2010). In other words, the social and physical

environment in which a language is used and transmitted will shape the features of the
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language. To study this, it makes sense to look at differences in linguistic features and

the context of language use, taking a typological approach. This lies in contrast to the

universal approach, i.e. the approach which studies the similarities of linguistic features

across languages (e.g. Greenberg, 1963).

The most common aspect of language studied in the context of the linguistic niche

hypothesis is morphology (e.g. Lupyan & Dale, 2010; Bentz & Winter, 2014; Trudgill,

2015; Raviv et al., 2019; Perkins, 1992; Nettle, 2012). Notably, Lupyan and Dale (2010)

studied if morphological complexity correlated with various aspects of societal structure,

such as population size and geographic spread. Of course, though the linguistic niche

hypothesis has often been supported by morphological data, we should expect to find

a relationship between societal structure and other linguistic levels. For instance, the

linguistic niche hypothesis has also been studied at the phonological level (Trudgill,

2004; Nettle, 2012). Specifically with regards to sign language communities, Meir et al.

(2012) outline how societal structure affects several aspects of linguistic structure: the

use of space, the lexical level, the sublexical level and grammatical structure.

So far, no extensive attention has been paid to how societal structure affects

language at the lexical level (but see Lev-Ari & Shao, 2017 for a study about lexical

access and prediction). One exception is from Meir et al. (2012, p. 275-278), who

compare the degree of lexical variation in two young sign languages and outline the

societal factors which may be affecting this variation; the proposed factors are population

size, the degree of shared context and standardized education (Meir et al., 2012; de

Vos, 2011). Building on this foundation, I studied lexical variation in Kata Kolok, a

sign language that can be classified as a shared sign language which emerged in an

esoteric community3. The findings from our lexical variation study are in line with those

from other shared sign languages which have emerged in similar contexts, namely that

a high degree of lexical variation is found in esoteric communities (e.g. ABSL, Meir et al.,

2012; CTSL, Ergin et al., 2021; Providence Island Sign Language, Washabaugh, 1986).

The linguistic similarities observed across sign languages that are used in comparable

societal contexts provides robust evidence for the linguistic niche hypothesis at the

lexical level.

3Esoteric and exoteric terminology follows Thurston (1989), Wray and Grace (2007) and Lupyan and Dale

(2010).
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At first glance, the high degree of lexical variation in shared signing communities

may seem at odds with the result reported in Chapter 5, that BSL has a higher degree

of variation than Kata Kolok. This result is very interesting on its own and highlights

the importance of testing assumptions with quantitative cross-linguistic comparison,

and should be the subject of future work, by expanding the sample size to more

languages across different ecological niches. Meir et al. (2012) suggest that time

depth influences the degree and kind of variation, with older sign languages forming

sub-communities with lexical preferences while younger sign languages still exhibit

the high degree of lexical variation present in language emergence. Because Kata

Kolok and BSL are older sign languages and are around the same age, it seems to

me that this explanation alone is unlikely. Rather, I think this result can be explained

predominantly by pressures imposed by different ecological niches. For shared sign

languages, the variation present in language emergence is likely retained because

of the factors listed before. However, for Deaf community sign languages, like BSL,

while there may be a high degree of variation across the entire community, it seems

that within subgroups the level of variation is lower, as observed by region for BSL

(Stamp et al., 2014; and reproduced in Chapter 5), and by race in ASL as a result of

segregated schooling practices (McCaskill et al., 2011). This variation is often said to

be structured by deaf schooling. What I found is that when BSL is analyzed by region,

the Kata Kolok community exhibits more variation than any BSL region. Put differently,

frequent interlocutors in the BSL community (by region) are more likely to share lexical

preferences than frequent interlocutors in the Kata Kolok community. Here, I posit

that this comes down to differences in the social structure of these communities. As

the BSL community is much larger and it is possible to interact with strangers who

share less context, lexical convergence (i.e. a reduction of lexical variation) is a suitable

strategy to manage these pressures. The computational model by Thompson et al.

(2020) also supports this theory. More work in comparing sign languages that have

emerged in different social contexts is required to understand what pressures shape

variation. Seeking to find a mechanism that can explain why shared sign languages

exhibit a high degree of lexical variation, I showed that shared context can allow for the

use of iconic form-concept mappings using an agent-based model. Though this does

not rule out other possibilities, this operationalizes one theory posited to affect lexical
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variation (Sandler et al., 2011; Tkachman & Hudson Kam, 2020).

One additional contribution of this thesis is investigating if subgroups of one

community with different social structures have different linguistic patterns. In Chapter 5

I studied the degree of variation within the women’s subgroup and the men’s subgroup

in the Kata Kolok community, as women are said to have more insular, tightly-knit

networks than men (Marsaja, 2008). For this particular example, more work is needed

to determine if it is really the social structure of these subgroups which influences

the degree of variation observed. However, this study paves the way for looking at

community-internal differences to study the linguistic niche hypothesis, in addition to

comparing languages from different ecological niches.

In the rest of this section, I discuss two widely held assumptions that the findings

from this thesis bring into question: the emphasis on lexical convergence and the

compression-efficiency tradeoff.

De-emphasizing lexical convergence

The founder of the naming game, Luc Steels, states "the question how a set of con-

ventions can become shared in a distributed population of autonomous individuals

through a cultural process has been solved" (Steels, 2011, p. 350). Typically, in this

line of research, language games are played which result in alignment (i.e. adapting

the construction used during the language game) between the agents partaking in

the game (Wellens, 2012). This has been a major focus in experimental semiotics

research, in which interactions that occur without pre-established conventions are stud-

ied (Galantucci & Garrod, 2011), as well as in computational studies (e.g. Hutchins &

Hazlehurst, 1995; Baronchelli et al., 2006). The focus on full population alignment likely

stems from the commonly held assumption that "wherever there is a difference in form,

there is a difference in meaning" (Clark, 1987, p. 1). In other words, true synonyms do

not exist, which clashes with the evidence from shared sign languages where several

lexical variants persist in a population, as shown in this thesis for Kata Kolok, as well as

in other shared sign languages such as ABSL (Meir et al., 2012), CTSL (Ergin et al.,

2021) and Providence Island Sign Language (Washabaugh, 1986).

Crucially, such evidence from shared sign languages demonstrates that popula-

tion convergence is not required for successful communication in a population. I would
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instead argue that the emphasis on alignment/convergence/shared conventions across

a population should be revisited, not only in the semiotics literature but also in sign

language linguistics where there is heavy emphasis on convergence as an end point

(e.g. see the recent paper Central Taurus Sign Language: On the Edge of Convention-

alization by Ergin et al., 2021). In line with the previous discussion, it may be the case

that under certain circumstances, the lexical variation present in language emergence

subsides in favor of lexical convergence. In situations of language emergence, where

individuals often improvise their own forms to refer to concepts, I would argue that

initially it cannot be ruled out that two forms aren’t true synonyms. It is of course

possible that over time these synonyms evolve to refer to different facets of a concept,

are eliminated entirely, or evolve to be conditioned by sociolinguistic factors, but what

we overwhelmingly see in shared sign languages is that signs are used interchangeably

over a sustained period of time. In Chapter 4, I proposed that productive synonyms are

used by Kata Kolok signers, in which signers use variants interchangeably and often

string them together. In contrast, signers of other languages like NGT may use percep-

tual synonyms, where signers are aware of different variants but would not use them.

Instead of the focus on lexical convergence, I propose that successful communication

should instead be the focus of studies of language emergence. The study of shared

sign languages, supported by findings in this thesis, demonstrates that successful

communication is achieved without lexical convergence across the population.

Pressures for compression and expressivity

In the field of language evolution, how language transmission and interaction shape the

features of languages has been heavily emphasized (e.g. Kirby et al., 2008; Raviv et

al., 2019). Two competing pressures which have received considerable attention are

compression and expressivity, as outlined by Kirby et al. (2015). Compression refers to

how signals are optimized so that the least effort is required to convey meanings. For

example, with regards to word length, Zipf (1949) showed that more frequently used

words tend to be shorter. Expressivity refers to the ability to discern one meaning from

a set of meanings. This is the counterpart to compression, as without it, all languages

would consist of one label for all meanings (Kemp & Regier, 2012; Kirby et al., 2015).

One illustration of these competing pressures is in kinship systems: Kemp and Regier
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(2012) demonstrated that of all possible languages, human languages optimally balance

compression and expressivity. Overarching these pressures is the idea that features of

languages will reflect a general cognitive tendency for simplicity (Chater & Vitányi, 2003;

Kemp & Regier, 2012). And even more broadly, summarized by Steels and Loetzsch

(2012): "which variants survive in the population should reflect expressive adequacy,

minimal cognitive effort, learnability and social conformity".

In addition to the existence of productive synonyms, studies of lexical productions

in shared sign languages often report that individuals string together signs to refer to a

concept. This has also been reported for CTSL (Ergin et al., 2021), ABSL (Meir et al.,

2012) and in the loose network of signers of Amami Island in Japan (Osugi et al., 1999).

In our study of lexical variation in Kata Kolok, participants tended to string together

variants as well, an average of 1.41 variants per trial. Certain stimuli tended to elicit

the production of chains of variants more than others. One clear example of this is the

participant responses to the stimulus dragonfruit, where participants typically produced

a variety of depictions in a row, including showing the shape of the fruit, how it is cut

and the color. For this particular example, it is unclear if there is a lexicalized sign

for dragonfruit in Kata Kolok. For other stimuli which elicited chains of signs as well,

such as pig, it is clear that there are lexicalized signs, evidenced by some participants

producing only one single sign in response. This seems to paint a slightly different

picture with regards to compression than previously described in the language evolution

literature, in the sense that the most "optimal" solution would be to have one sign per

concept across all participants.

The existence of synonyms and chaining them is not necessarily strictly incom-

patible with the theory that languages are shaped by the optimal balance between

compression and expressivity. I would argue that the strategies used by a community

are the optimal ones at a given time, given the ecological niche and age of a language.

Different ecological niches place different pressures on communities, and this may be

the case for the pressure for compression. The languages discussed in light of the

compression-expressivity tradeoff are typically spoken languages, which have much

longer histories than sign languages. It could be that this "optimal" balance takes many

generations to develop. After all, inter-generational transmission has been suggested

to be the mechanism giving rise to this balance (Kirby et al., 2015), but different types
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of learners may have different effects on the language; for example, children and adults

are said to have different linguistic preferences. Child learners favor morphological

regularity (e.g. Brown, 1973), and in an artificial language learning setting, have been

shown to eliminate variation (Hudson Kam & Newport, 2005). As such, it could be that

sign languages are too young (have not been transmitted enough times) to have struck

the balance between these two pressures.

Ultimately, I speculate that the relationship between compression and expressivity

for a given language is influenced by language age and also the linguistic niche. Sam-

pling a variety of languages across modalities will yield a more accurate understanding

of the pressures shaping languages, especially given the affordances of different modal-

ities. It could be that the iconic affordances in language emergence in the manual

modality facilitate the retention of competing lexical variants.

7.2.3 Methodological contributions

As this thesis lies at the intersection of computer science, cognitive science and

linguistics, it has afforded the opportunity to explore questions from several angles and

interact with specialists in these fields. Often, this resulted in revisiting or questioning

assumptions, and in all studies presented in this thesis this resulted in methodological

innovation. Perhaps at the expense of specializing in one topic, I have shown here that

an inter-disciplinary approach allows for pushing methodological boundaries. Here, I

will outline two key methodological contributions of this thesis.

Models driven by data and experience

The degree of data incorporation in the first two chapters of my thesis was heavily

influenced by the starting point, namely the model by Aoki and Feldman (1991), which

is a fairly abstract model of gene-culture co-evolution in signing communities. I showed

that by studying and incorporating the demographic composition of communities into

models yields more ecologically valid models. In Chapter 3 I used real values from

the Kata Kolok and the ABSL communities as input to the model. Because these

communities have been researched from many angles, it is possible to incorporate data

into the model to differing degrees, depending on one’s research question.
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Finally, I would like to discuss the value of experience with a topic from different

angles in modeling. Though the model presented in Chapter 6 is abstract in the sense

that it does not incorporate any numerical data, it is grounded in my observations

and experiences, stemming directly from my experience annotating and analyzing the

Kata Kolok picture description task data, insights from conversations with researchers

studying Kata Kolok and other shared signing communities, as well as my experience

learning LSFB. While this is anecdotal, I find that having experience with the topic being

modeled is valuable. A previously discussed example which illustrates this point is from

Richie et al. (2014) who first study elicitation task data, before further investigating this

topic with an agent-based model.

New ways of exploring lexical variation data

When we designed the picture elicitation task experiment with the Kata Kolok signers,

we planned to conduct a similar analysis to the one used by Stamp et al. (2014), called

sublexical parameter comparison, where the lexical variant produced by a participant is

compared to a "standard variant". For the reasons mentioned in Chapter 4, we were

unable to use this method. These challenges were not unique to our investigation of

Kata Kolok, and have been attested in other investigations of lexical variation across

signing communities (e.g. Reed, 2019). Without being able to rely on sublexical

parameter comparison, we identified signs by their underlying iconic motivation and

mapping, relying on iconic properties of signs to determine if they are the same

or different, joining a host of other studies (e.g. Reed, 2019; Richie et al., 2014;

Hartzell et al., 2019; Konrad, 2013), as elaborated upon in Chapter 4. The most

important contribution of the lexical variation studies presented in this thesis is in terms

of methodological innovation, in which I present novel ways to analyze lexical variants

after they are annotated based on iconic properties.

The lexical distances (comparison of underlying iconic motivation and mapping

per sign) between all pairs of participants were stored as a matrix. These distances were

then explored in a variety of ways, using clustering algorithms and novel visualization

techniques. Two novel ways to visualize the lexical distances between participants in

studies of lexical variation are using multi-dimensional scaling (presented in Chapter

4) and a dendrogram to represent the result of agglomerative hierarchical clustering
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(presented in Appendix B Chapter 5). Neither of these methods require making an

assumption about what sociolinguistic factors govern variation, but rather allow for the

exploration of this question by visualizing the data in different ways. I also showed

that this technique can be used to reassess and build on previous findings that used

sublexical parameter comparison. In Appendix D of Chapter 5, I apply the same

methodology used on the Kata Kolok data to the BSL data, using agglomerative

hierarchical clustering visualized with a dendrogram, and I find clear clusters by region

(as expected based on Stamp et al., 2014).

Our focus, however, did remain largely on considering one sociolinguistic factor

at a time; for example, in Chapter 4 we looked at many different sociolinguistic factors

and in Chapter 5 we looked at gender differences. One reason for this is that when

looking at the intersections of sociolinguistic factors in the community, the sample sizes

become extremely small or non-existent (e.g. there are no middle-aged participants

in clan 10). In Chapter 4, we used the K-Nearest Neighbor algorithm to ask if, for a

given sociolinguistic factor (e.g. age), the nearest neighbors of a participant predict their

sociolinguistic property. For example, if a participant is old, are the majority of the three

nearest neighbors (closest in lexical distance to that participant) also old?

One final statistical technique which I have not seen used in studies of lexical

variation is the permutation analysis, used in Chapter 5 to study if there is a difference

in the degree of variation by gender. I found this technique to be particularly intuitive, as

it involves resampling groups from the same sample to see if the result deviates from

what is expected. All in all, I believe that this thesis presents the field of sign language

linguistics, and in particular the study of lexical variation, with an additional toolset

which permits the study of variation in situations where hypotheses about what drives

variation are uncertain or convoluted by intersecting sociolinguistic factors. However,

as a point of caution, exploratory analyses should only be seen as a first step, and

subsequent studies where data is collected to test a specific hypothesis should be

conducted in order to draw a conclusion.
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7.3 Future directions

7.3.1 Extending the shared sign language persistence model

While the current agent-based model of shared sign language persistence presented in

Chapter 2 and Chapter 3 allows for investigating how different social structures affect

the transmission of genes for deafness and sign language, it does not yet consider

the most threatening factor for shared sign language persistence, namely, contact with

surrounding Deaf community sign languages. Thus, if this model were to be used to

study how to prevent shared sign language endangerment, adding language contact

would be a required next step.

How exactly to model language contact between communities with shared sign

languages and the surrounding Deaf community sign languages could take inspiration

from models of bilingualism and language competition (e.g. Karjus & Ehala, 2018;

Kandler et al., 2010). Briefly, I will describe one such case with the Kata Kolok

community and the surrounding Deaf community sign language, BISINDO. As described

by Lutzenberger (2021), in the Kata Kolok community there is increasing contact

between deaf individuals from the Kata Kolok community and BISINDO signers, due

to increased mobility among deaf youth as well as some attending secondary school

outside of the Kata Kolok community. As a result, most of the younger deaf individuals

from the village are bilingual (to varying degrees) in Kata Kolok and BISINDO, and have

been observed to code-switch between the languages. As a result, older deaf signers

who are not in contact with the BISINDO community have begun to use lexical signs

from BISINDO.

A basic model of this could consist of two communities, each initially isolated,

where contact increases between subgroups of the two communities. Kandler et al.

(2010), who build on the seminal model Abrams and Strogatz (2003), model speakers

who can be monolingual or bilingual and the preference for one language over the other

is related to language prestige. In addition, birth, death, immigration and emigration

are modeled for subgroups of the community (Kandler et al., 2010). For the case of

Kata Kolok and BISINDO competition, the status of BISINDO would be higher than

that of Kata Kolok, such that agents in the model would have a preference for using

BISINDO when given the choice, as it provides them more educational and professional
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possibilities (Lutzenberger, 2021). In addition to prestige, each agent could express a

preference for using one language over the other given their fluency in (or exposure to)

the language. I think this simple model would be an adequate starting point to capture

the dynamics involved in contact between these types of signing communities, and

superimposed on the current model, captures two of the biggest threats facing shared

signing communities: language contact and changing marriage patterns with individuals

in Deaf community sign language communities (de Vos, 2012a).

One can envision adding a more complicated linguistic component, such that

lexical borrowing could be modeled. In this way, the gradual spread of signs from the

Deaf community sign language could be modeled. For the Kata Kolok community, there

was a rapid adoption of signs by the deaf signers of the shared signing community,

followed by older signers adopting some BISINDO lexical signs. To model this, one

could model weights between form and concept, typically used in the naming game

(Steels & Kaplan, 1999), using update rules like lateral inhibition to update associations

between the two and weaken associations between competing ones (De Vylder & Tuyls,

2006).

It would be interesting to use this extended model as a tool to study the role of

education on language preservation as well as the role that hearing signers play as

"safekeepers" of the language (Zeshan & de Vos, 2012, p. 8). Kandler et al. (2010)

model the rates of recruitment required for a language to persist, and though unspec-

ified in their model, one possible avenue of recruitment of new speakers could be

via education in the endangered language. Extending the model in this way could

help determine how endangered a language is (in addition to other assessment tools,

such as Eberhard et al., 2021; Webster & Safar, 2019), and may provide support for

policy makers (e.g. what would be the impact of opening a secondary school in the

shared sign language?). Agent-based models are the ideal tool to use, as they are

fairly intuitive (with the individual as the focal point) and they are flexible.
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7.3.2 Other factors influencing lexical variation

Studies from the iterated learning paradigm and experimental semiotics have shown

that communication systems devoid of population dynamics (i.e. experiments consisting

of one participant per generation) become inexpressive and degenerate (Garrod, Fay,

Lee, Oberlander, & MacLeod, 2007; Kirby et al., 2015). These studies have shown

that vertical transmission and within generation interaction between individuals is

necessary for languages to become expressive. Despite these advancements in

understanding how social structure affects linguistic structure, more research is required

to determine which population structures are concerned and how exactly they affect

linguistic structure (Scott-Philips & Kirby, 2010).

In the context of sign languages, several factors have been emphasized, as

discussed in this thesis. As stated by Meir et al. (2012, p. 277) comparing ISL, a Deaf

Community Sign Language, and ABSL, a shared sign language: "Because of the sheer

size and social structure of the community, ISL signers interact with a greater range

of individuals and see multiple examples of the same sign across many more signers

than ABSL signers do, both of which contribute to stabilization of form." In Chapter

6 I focused on how lexical variability is affected by shared context in sign language

emergence and in Chapter 5 I hypothesized about the link between social structure

and the degree of lexical variability. Shared context, allowing for the use of iconicity,

has been put forth as one factor which affects lexical variability (de Vos, 2011; Meir et

al., 2012; Sandler et al., 2011; Tkachman & Hudson Kam, 2020), but a host of other

factors have been proposed in theories by sign language linguists and implemented in

various computational models. Two factors I will discuss here which I haven’t focused

on in the thesis are population size and network structure, though other factors, such as

contact with other communities (as discussed in the previous section) and standardized

education, are also likely to play a role.

Population size

First, the role of population size on determining the degree of lexical variability in a

community has received considerable attention, considered by many sign language

linguists to be a probable factor influencing the degree of lexical variability (de Vos,



7.3. Future directions 257

2011; Meir et al., 2012). Meir et al. (2012, p. 277) note: "In a larger community, signers

are more likely to meet strangers, or signers who are not known to them. In such

cases, conventionalization becomes essential for communication about a shared set of

concepts, objects and events." And as previously mentioned, computational models

investigating population size report mixed results, with some providing support for

quicker convergence in smaller populations (e.g. Baronchelli et al., 2006) and others

providing support for quicker convergence in larger populations (e.g. Thompson et

al., 2020). In Chapter 6, my findings were in line with the later computational model

and observations by sign language linguists; I found that smaller populations retain

more lexical variability than larger populations, though population size was not the main

focus of the study. I posited that this was due to larger populations initially having more

forms per concept, which initiates the following cycle: because there are more forms

initially and hence more variation in forms, individuals must adapt their forms in order

to successfully communicate. Any updates move a form away from the initially high

degree of iconicity, ultimately moving forms in larger populations away from iconic signs.

Unable to rely on the iconic properties of a sign, individuals must converge on fewer

forms per concept in order to communicate successfully. All in all, it is probable that

population size affects the degree of iconicity in sign languages, but exactly how and

why remain unsolved.

Network structure

An additional factor likely involved in determining the degree of lexical variability in

a community is network structure. Different types of networks have been studied in

relation to the spread of conventions, often using agent-based models. For example,

Gong, Baronchelli, Puglisi, and Loreto (2011) model several network types and state

which type of society they may represent; small-world (Watts, 2000) and scale free

networks have parallels to large scale societies in which individuals are connected by

means of weak ties. Fully connected and star networks, with a centralized configuration,

may accurately represent small scale societies. Finally, rings and 2-D lattices could be

used to represent geographically distributed societies. Following the terminology used

by Milroy and Milroy (1985), shared sign language communities can be described as

having networks which are dense and multiplex, in which there are strong ties between
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most people in the community and could be represented by a fully connected or star

network. In contrast, communities of Deaf community sign languages can be described

as sparse, having many weak ties between acquaintances and between strangers, i.e.

individuals who never interact, and could be represented by a small-world or scale free

network.

In addition, there exists a "grey area" (Nyst, 2012) in which signing networks do

not neatly fit in the aforementioned categories, which may better be represented by

different types of networks. One such signing network, users of Nebilyer/Kaugel sign

language in the Western Highlands Province of Papua New Guinea, is described by

Reed (2021). In these networks, a deaf signer is at the center of a network consisting

weak and strong ties to mostly hearing signers (see Figure 3 in Reed, 2021, p. 13),

but the exact features of the networks differ greatly in terms of size and configuration.

Crucially, hearing signers would not communicate between each other via sign, and

hence the deaf signer is the central node of each network. Interestingly, there is

more lexical similarity than expected between these sign networks (in the regional

sign network), perhaps due to a combination of shared culturally salient features, the

dissemination of lexical preferences throughout the weak ties between the networks as

well as co-speech gesture. Based on the description by Reed (2021), I can envision the

signing networks (one deaf individual with weak and strong ties to hearing individuals)

being modeled with a centralized structure, with the signing networks dispersed along

a ring or in a lattice, connected by weak ties between mostly hearing signers. This

type of network may also be applicable to Inuit Sign Language, as described by Schuit

(2014) as well as for the network of signers across Amami Island (Osugi et al., 1999).

Additionally, this type of network representation may extend to homesigners, where

there may be weak ties between individuals; one example of such is from a recent

project investigating the lexical preferences of homesigners in the villages surrounding

the Kata Kolok community (de Vos & Satyawati, ongoing).

Given the findings on the retention of lexical variation in sign language emergence

(e.g. Meir et al., 2012), one would expect small-world and scale free networks to exhibit

a lower degree of lexical variation than centralized ones. However, agent-based models

studying network structure and linguistic convergence typically find the opposite; fully

connected networks (e.g. star networks) converge more quickly than networks with
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weak ties (e.g. small-world networks) (Gong et al., 2011; Fagyal, Swarup, Escobar,

Gasser, & Lakkaraju, 2010). It would be worthwhile to develop models of these network

types with different types of signing communities in mind.

One computational study inspired by signing communities also echoes these

findings; Richie et al. (2014) compared the degree of lexical convergence between

homesigners and Nicaraguan Sign Language users in a picture description task and

computational model. The computational model was created to study the effect of

different network types on lexical convergence. In their model, the Nicaraguan Sign

Language community inspired network is fully connected, called "richer", while the

homesign inspired network sees one agent as the central node with connections to the

other agents (who only interact with the central one and not amongst themselves), called

"sparser". Their simulations suggest that the richer network converges faster than the

sparser one, echoing the previous findings from computational models (e.g. Gong et al.,

2011). Again, their findings, that connected networks (how shared signing communities

would be represented) exhibit a lower degree of lexical variability than sparser, less

connected networks (how communities with Deaf community sign languages would

be represented), seem to go against the general claim from sign language linguists

(e.g. Meir et al., 2012). This discrepancy calls for more research into how networks

of signing communities shape lexical preferences, alongside other factors like shared

context and population size.

One additional factor known to be relevant in networks is the degree of connectivity

within the network, which may be applied to different network types. Ongoing research

explores how network connectivity may explain differences in lexical variation at the

local (i.e. within a subgroup of the population) and at the global level (i.e. across the

entire population) (Mudd et al., submitted). One way of operationalizing this is by using

Newman (2003)’s assortativity coefficient r, determining the probability that an agent

will interact with someone in their "group". Hence, the value of r can yield different

network connectivity, from random interactions throughout the population (r = 0) to

only within group interactions (r = 1). Additionally, it has been shown that the order in

which agents interact could have drastic effects on the spread of linguistic (or broadly,

cultural) variants; Segovia-Martín, Walker, Fay, and Tamariz (2020) demonstrate this

using an agent-based model using a fully connected network (see Figure 2 in Segovia-
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Martín et al., 2020, p. 12 for a visual depiction): when there is a longer time until all

pairs of agents have interacted (determined by the order in which agents interact),

full population convergence is slower. As mentioned, one way of representing shared

signing communities is using a fully connected network. However, the findings of

Segovia-Martín et al. (2020), that convergence is faster when the whole population

has interacted, may not be in line with the results of signing communities; given the

findings from this thesis and claims by sign language linguists about the degree of

lexical variability and social structure, it would be valuable to study the order in which

agents interact with sign languages and language emergence generally in mind.

7.3.3 Continuing methodological innovation

Here I present two aspects of this line of research that are important to keep in mind

and one concrete follow-up study.

Cross-linguistic comparisons

This thesis demonstrated the value of cross-linguistic comparisons in typology in

Chapter 5, where the data from Kata Kolok and BSL were compared. When aiming for

cross-linguistic comparison or generalization, each language represents only one data

point. As discussed in Chapter 5, the Kata Kolok data and BSL data were collected

and annotated in different ways. This results in limiting the validity of cross-linguistic

comparison. For this reason, collaboration and communication in the planning phases

of data collection and analysis is essential. One example of an upcoming project which

will aim to compare several sign languages to determine how social structure affects

their morphology is from Schembri (presented in Schembri, 2020). With data collected

for the purpose of cross-linguistic comparison, the results will be more ecologically

valid then comparisons using data collected in an isolated manner (e.g. the analysis

presented in Chapter 5; Mudd et al., submitted).

It remains an open question how exactly to develop methodologies that can

be used for cross-linguistic comparisons, given that each language exists in its own

ecological niche, meaning that experimental methods and data collection practices must

be adapted to fit each community. For example, in the Kata Kolok community where not
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everyone is literate or has experience with experiments, using written words to elicit

lexical signs was not an option as done to collect the BSL data (described in Stamp

et al., 2014). In general, many psycholinguistic tasks are unnatural to people who do

not have experience with these types of tasks, typically individuals with lower levels

of education (Speed et al., 2018). In making cross-linguistic comparison, attention to

methodological affordances per community is crucial.

Cross-methodological approaches

One of my personal goals in doing a PhD was to use a cross-methodological approach,

studying a topic using a range of methods. Given that each approach has a host of

advantages and disadvantages, a cross-methodological approach can help to compen-

sate for the disadvantages of one methodology. For example, naturalistic evidence is

highly ecologically valid but not controlled. Laboratory experiments can help study the

same phenomenon in a more controlled setting, at the expense of ecological validity. In

addition, each method requires studying a problem from a different angle, where each

method used can lead to original insights. In the current thesis, I have demonstrated

the value of approaching a topic from a computer science, linguistics and cognitive

science perspective, bolstered by interaction with experts in each field.

A cross-methodological approach often requires collaboration from researchers in

different disciplines, with different trainings and who approach problems from different

angles (Gong, Shuai, & Zhang, 2014; Fitch, 2010). The field of language evolution,

for example, requires researchers from a variety of fields, including philosophy, linguis-

tics, primatology, cognitive science and neuroscience (Scott-Philips & Kirby, 2010; for

examples, see Hurford, Studdert-Kennedy, & Knight, 1998). An issue raised by Scott-

Philips and Kirby (2010) is that it is still unclear how exactly to relate naturalistic data to

experimental studies to computational models, and how the results from one can be

used to better develop the others. More work is needed to bridge methodologies and to

compare the results from one methodology to another; this requires an interdisciplinary

approach.
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A proposed follow-up study

I will conclude this thesis by discussing one more approach I would have liked to use to

test hypotheses of what governs the degree of lexical variability in language emergence,

which could be used to support the methodologies used in the thesis. So far, I have

presented a picture description task and analysis of participants from the Kata Kolok

community as well as a computational model to study what may be one underlying

cause of the degree of variability in a community. In addition, I would have liked to

conduct a study with participants in a controlled experimental setting, to test the role

of shared context on lexical variability. In the field of language evolution, controlled

laboratory experiments have been popular, often supporting computational models

(A. Smith, 2014; Scott-Philips & Kirby, 2010; see Kirby et al., 2008 for an example).

These studies are more ecologically valid than computational models as they involve

human participants (Scott-Philips & Kirby, 2010). However, these studies are typically

conducted in WEIRD (western, educated, industrialized, rich and democratic) societies

and still need to be replicated cross-culturally4.

For the proposed study, I wish to draw from two types of experiments. In experi-

ments in the field of experimental semiotics, participants are asked to improvise labels

to communicate about a set of stimuli (see the studies in Galantucci & Garrod, 2012).

Similar studies from language evolution where participants typically type the label of

a stimulus to another participant (e.g. Kirby et al., 2008; Raviv et al., 2019) have also

been extended to the manual modality, called the silent-gesture paradigm (Schouwstra

& de Swart, 2014; Motamedi et al., 2019). These studies may give insights into both

language emergence (participants asked to improvise novel labels for stimuli) as well

as the cultural evolution of sign languages (occurring in the manual modality). In this

way, this paradigm would be well-suited to build on the studies I presented in this thesis.

In a subset of this line of research, experiments studying alignment in dialogue, the

role of common ground (i.e. knowledge shared by all communicating parties) between

interlocutors is studied and is often compared to privileged ground (i.e. knowledge

unique to only one or a subset of individuals). Experiments typically vary the degree

of common ground shared by participants, often using director-matcher tasks, and

4See elisa.uvt.nl for an example of cross-cultural research, researching if silent-gesture findings are

replicated with Balinese participants.

elisa.uvt.nl
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study the effect on linguistic choices. For example, in a seminal study by Garrod and

Anderson (1987), participants were asked to communicate about the location of stimuli

in a maze. Crucially, the two participants had different mazes, and hence only partial

common ground. Unsurprisingly, they found that participants tended to converge on

how they described to their partner how to navigate the maze (e.g. with participants

converging on the use of mainly coordinate descriptions or figural descriptions). In

another study, Nadig and Sedivy (2002) investigated if children varied their linguistic

preferences depending on the knowledge of their interlocutor. In their first experiment,

the child is the director and the matcher is an adult confederate, and the child is told

to communicate objects to the matcher by describing the object. Items are placed in

a grid and some sections of the grid are blocked off so that the matcher cannot see

them (items in privileged ground for the child director). To provide an example, if the

director needed to communicate a tall glass (which is in common ground) and there

was a short glass in privileged ground, it would have be sufficient for the director to say

"glass". They found that children show some sensitivity to the matcher’s perspective.

Inspired by these studies related to common ground, if I could conduct one

more experiment to add to this thesis, it would be a controlled laboratory experiment

investigating the role of shared context (or, common ground) on lexical variation, using

a combination of the methodologies described. Participants who are hearing with no

exposure to a sign language would be asked to communicate to their partner about

stimuli in a grid using improvised gestures. In the most simple version of this experiment

there would be two conditions: a "shared context" condition in which the grids of the

participants are identical, and a "limited shared context" condition in which the grids of

the participants differ to some degree. Participants will be told if their partner has the

same grid as them or not. The prediction would be that in the shared context condition,

participants are more likely to retain the variability present when initially improvising

gestures for a stimulus. On the other hand, when participants have limited shared

context (i.e. their grids contain different objects and/or they are only partially aware of

what is in the grid of their conversational partner), participants are predicted to converge

more quickly on a common set of labels for stimuli. This experiment could be extended

over generations of participants who learn the vocabularies of the previous generation

(i.e. the iterated learning paradigm, K. Smith et al., 2003). Also taking inspiration
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from Raviv et al. (2019), group size could be varied in order to investigate the effect

on lexical variability. This example highlights how an experimental approach may be

used to further study mechanisms explored via computational modeling and naturalistic

evidence, promoting a multi-disciplinary perspective to the study of language evolution.

7.4 Conclusion

In this thesis I have investigated how and why social structure influences lexical variation

and shared sign language persistence. I have shown that models of sign language per-

sistence must include social structure, as without social structure not all sign languages

are predicted to persist. Factors that have been deemed important by sign language

linguists - the high proportion of hearing signers, different modes of language transmis-

sion and marriage patterns - are shown to help sign language persistence. I used an

agent-based model to study this, as social structure can be more easily represented

using this methodology. In addition, stemming from studies and observations of shared

signing communities, I incorporated data into model development and as model input.

In the second part of this thesis I focused on lexical variability in Kata Kolok, identifying

quantitative tools to study lexical variation in communities without clear hypotheses

about what governs variation, a feat which required collaboration between experts in

sign language linguistics and computer science. Considering the social structures in

the community, I identified potential influences on how lexical variation in Kata Kolok

is structured (by deaf/hearing status) and how the degree of variation differs between

groups (by gender). Finally, using an agent-based model, I found support for one

factor which has been proposed to drive the degree of lexical variation in a community:

shared context. In conclusion, studying aspects of social structure and its influence on

language requires collaboration between researchers with different backgrounds and

the use of a variety of methodologies.
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