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Abstract 
Over the last several decades, linguists and community language activists have expressed 
concerns about language loss in the modern era, citing threats to linguistic and cultural diversity 
and to knowledge systems that may never be recovered once they disappear. Some point out the 
human rights violations and the impact on families and communities who no longer have access 
to language-related components of their heritage. Some also argue that documenting languages 
that are likely to stop being used in the near future is important to the field of linguistics as a 
science, as it allows linguists to capture information about languages and language use that may 
otherwise be lost. These arguments are true, and yet there is a component missing from the 
picture: there is not yet a clear and developed science that integrates the causes and contexts for 
language loss with interventional measures undertaken by communities into a cohesive 
explanatory framework that can make accurate language vitality predictions and possibly even 
recommendations. This dissertation has been undertaken with that eventual goal in mind. 

This dissertation seeks to better understand language vitality in North America by examining 
cultural, geographic, and ecological factors that may be causally related using quantitative 
methods, specifically ordinal regression, with the hopes of contributing to the body of research 
already under way that applies a similar set of questions to the global context. In particular, it 
includes six factors—historical land area, elevation, subsistence strategy, displacement, 
accessibility, and revitalization efforts—in an ordinal regression model, with language vitality as 
the dependent measure. Two new databases were created to facilitate this exploration. Due to the 
limited availability of data for some variables, twelve models were run on six data subsets to 
include as many data points as possible for each variable. An interaction was included between 
two of the variables. When the interaction effect is taken into account, all variables that were 
included as predictors turned out to have statistically significant correlations with language 
vitality in the top-performing models in which they were included. Larger historical land areas 
were correlated with higher language vitality, as were traditional agricultural practices in places 
where the historical land area had a greater elevation range. In the continental United States, 
languages with modern-day reservations or Native land areas covering both part of the historical 
land area and land area outside of that have higher vitality than languages with no modern-day 
reservations. Highway presence in these modern-day land areas is associated with higher 
language vitality levels, and all types of community-driven language revitalization efforts show a 
strong correlation with higher language vitality compared to languages that have none. Bilingual 
education and language immersion programs oriented toward children show a particularly strong 
correlation with increased language vitality.  

Part of the goal of this study was to determine whether a quantitative approach could provide 
evidence of the influence of these types of factors on language vitality. While some language-
external factors may increase the risk of language loss, others may help to protect against it. The 
results of this study corroborate other studies using similar methodology applied to global 
language samples, suggesting that the methodology does indeed work to produce results that 
capture a component of the wide range of factors that may be influential. However, this 
dissertation only examined six independent variables, and there are many more that might be 
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important to consider. Some of these shortcomings are discussed in the conclusion, along with 
suggestions for future avenues of research. 
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CHAPTER	1. INTRODUCTION	
This chapter presents a summary of the dissertation project in Section 1.1, a positionality 
statement and description of the author’s motivations for the project in Section 1.2, a summary of 
the intended audience in Section 1.3, definitions of terms in 1.4, and a description of the research 
ethics and data archiving in Section 1.5. 

1.1	 PROJECT	SUMMARY	
While the existing language vitality assessment methods are useful for triaging responses to 
language shift, they are focused primarily on symptoms and do not provide a framework for 
identifying and targeting the causes of language decline. Moreover, existing measures of 
language vitality rely heavily on language-internal factors, incorporating context only in ways 
that it can be assessed at the level of a single language. For example, the disruption of 
intergenerational transmission within a language is an indicator that something in the 
environment that was previously supportive of language maintenance has shifted, but noting a 
disruption in intergenerational transmission does not directly indicate what caused the shift. 
Using a disease metaphor, this would be akin to applying metrics to identify the progression of 
disease symptoms without addressing underlying causes. Similarly, shrinking domains of use – a 
factor employed in the LEI —also suggests a change in the environment, such as language 
policies that limit the use of Indigenous and minority languages in schools and the attitudes that 
accompany such policies. Factors such as language policies and attitudes may be more directly 
causal of the declining vitality of Indigenous and minoritized languages than are factors like 
intergenerational transmission and speaker number trends, which are often a result of such 
policies. Languages that have already experienced some disruption may be able to bounce back, 
especially given an improvement in ecological context. Therefore, it is important for well-
intentioned linguists, language activists, and policymakers to have a nuanced understanding of 
the sources of risk to language vitality, as these may inform the response(s). Typically, it is left 
up to the individual linguist to learn about the contexts that are relevant to the communities in 
which they work, but many of these causes of language decline have widespread impact, 
affecting multiple communities at a time, or perhaps multiple communities at different times. It 
is these sources of threat to language vitality that must be better understood. So far, a lot of this 
understanding has come from within Indigenous and minoritized communities who directly 
experience the effects. Many descriptions are qualitative, possibly creating a difficulty in 
communication with policymakers who need to see more concrete arguments. Descriptions that 
are more quantitative, when conducted at the individual language level, do not provide as 
compelling of an argument to policymakers as would those that clearly indicate how causes 
affect multiple communities. There is room here for social scientists interested in Indigenous 
rights in general and language reclamation in particular to contribute quantitative, broader-scale 
analyses that support policy changes that could positively affect the language ecologies for 
multiple Indigenous communities. 
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When conceiving of this dissertation project, I initially imagined creating a global quantitative 
model that would incorporate numerous risk factors and protective factors for language vitality 
that would be geographically linked, as many of the ecological/contextual factors that affect 
language vitality have a geographic component (see Section 2.7). However, through conducting 
a literature review on this topic, it appears that this process can benefit from understanding 
regional-level correlations. In addition, due to the time constraints of the dissertation, some 
simplifications to the larger project vision had to be made. The current project is only one step in 
the process of developing models of language vitality that incorporate broader ecological 
contexts and contributes to ongoing studies in this area. 

In addition to wanting to understand and analyze ecological contexts for changes in language 
vitality, this dissertation project also incorporates a factor that reflects interventional strategies 
undertaken on the part of language communities, namely language revitalization efforts, 
including bilingual education and language immersion. In an ideal scenario, in twenty years from 
now, a model that includes both contextual factors and interventions undertaken thus far may be 
used to inform which additional interventions may be needed, for example increasing funding to 
particular communities or changing policies to promote the generation and retention of new 
speakers. Obviously, these decisions cannot be based solely on such top-down analytical models, 
but they may help support work that communities are already engaged in and wish to continue. 

This dissertation uses ordinal regression models to look for correlations between language 
vitality and six different variables using data from publicly available sources, five of which have 
a clear geographic component. The variables with clear geographic components are land area (or 
geographic range), elevation range, subsistence strategy, displacement, and highway presence, 
and the sixth variable, language revitalization efforts, is included to reflect community responses 
to language loss. Chapter 2 presents a review of previous literature informing this study. The 
variable measurements are described in Chapter 3. Also in Chapter 3 is a description of the data 
sources used—which include the Catalogue of Endangered Languages, D-PLACE, a digital 
elevation model, a polygon dataset of historical language areas, and other publicly available 
resources—and a description of new databases created for this project: one representing a coarse-
grained measure of language revitalization efforts and another linking modern-day tribal 
reservations and Native land areas in the U.S. with Indigenous languages based on a series of 
Internet searches. Twelve models were run on six different data subsets, with results presented in 
Chapter 4. All six variables were found to be statistically significant in at least one model, and 
some in all models. Elevation range was found to have a small but significant effect as a 
predictor of language vitality when including an interaction with subsistence strategy, highway 
presence was found to have an effect in the opposite direction of what was predicted, historical 
land area showed an expected effect of larger areas being associated with higher language 
vitality, and languages in the U.S. with modern-day reservations including both historical land 
area and land area outside of that tend to have higher vitality than those with no modern-day 
government-recognized land areas. The strongest predictor of language endangerment in all of 
the models is language revitalization efforts, with bilingual or language education programs 
geared toward children being especially strongly associated with increased vitality. Chapter 5 
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presents a discussion and interpretation of these findings. Chapter 6 summarizes the project 
findings and describes how this research contributes to the field. 

1.2	 POSITIONALITY	STATEMENT	AND	MOTIVATION	FOR	RESEARCH	
I am a third and fourth generation immigrant to the United States with ancestors hailing from 
five different European countries and Quebec, Canada. My French Canadian ancestors may have 
been among the first Europeans to settle in what is now called Quebec City, but I do not know 
much about that part of the family history. Some of my European ancestors came fleeing 
religious persecution, while others came for land, since the laws of primogeniture did not allow 
them to inherit land in their own country of origin. I do not speak the languages of my ancestors, 
aside from a little bit of French and German, and English if you count the Scottish ancestry. My 
grandmother’s first language was Danish, my family name is Swedish, and I have a great-
grandparent who spoke Polish, as well as closer relatives living in Sweden today, but I do not 
know any of these languages. In the context of the present-day United States, my identity is 
primarily that of a liberal, feminist, White American from the San Francisco Bay Area. My spirit 
has no gender that I am aware of, but I generally identify as female. 

I was born and raised in the East San Francisco Bay Area, California, on what I now understand 
is unceded Chochenyo Ohlone territory, by parents who had moved west from Chicago, Illinois, 
primarily so that my mother could pursue a PhD in what was at the time a new and exciting, 
interdisciplinary field of molecular biology. My parents are both retired bioscientists, and the 
influence of their scientific ways of thinking and especially deep knowledge of the biological 
underpinnings of health cannot be overstated. At the same time, family was always a strong 
value, and elders and ancestors were regarded with love and reverence. My grandparents on one 
side were very involved in their welcoming and inclusive community church, and on the other 
side of the family was a great love of storytelling, particularly idolizing the more humble and/or 
familial folk traditions. My mother especially taught me to cherish stories told by family elders 
as well as folk singers like Miriam Makeba, and she sat by my side enraptured by a presentation 
we saw together about traditional canoe crafting in a Wakashan language community at the 2009 
Linguistic Summer Institute at UC Berkeley. In their process of setting down roots far from 
where they grew up, my parents found a loving community of supportive friends who share 
similar values. My hanai auntie in this community refers to it as our “family of choice,” and this 
community has also been monumental in my development as a human being. 

I come from what some might call a “liberal bubble” and perhaps naïvely believed until recent 
years that the country and the world as a whole were moving toward greater equality for people 
with all kinds of differences except for those who are cruel to others for no good reason. It 
certainly seemed, given the ethos of people around me at the time, that this was the case. 
However, I now have come to realize that I was (and perhaps still am) grossly underinformed as 
to the historical and present injustices inflicted upon minoritized communities including 
Indigenous peoples of this continent and much of the rest of the world. 
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One of my first entryways into understanding sociohistorical injustices more deeply was an 
African Ecology and Development class that I took for my undergraduate major in 
Geography/Environmental Studies at UCLA. Among other points, the class focused on ways in 
which neoliberal economics in parts of sub-Saharan Africa disrupted traditional agricultural and 
fishing practices, leaving people to rely on international NGOs for food and plunging African 
economies into debt. It did not seem fair to me that an external source would destroy an entire 
social and economic system and then leave the victims of that disruption to pay the price. This is 
in addition to the trans-Atlantic slave trade, in which many of the most able-bodied humans were 
torn away from their families and homes to be sold as slaves in a distant land, leaving entire 
communities behind. This is also in addition to the environmental destruction that has been 
wrought on parts of the continent through resource extraction for products to be sold as luxury 
goods abroad, while simultaneously involving further exploitation of local human labor. While 
there is also much beauty and wisdom on the continent, the poverty that was created as a legacy 
of colonial history and other foreign activity precipitated many of the conditions that Africans 
have had to grapple with since. I hold these lessons in my mind as I pursue a PhD in Linguistics, 
specifically focusing on Indigenous and marginalized languages, as it is in these communities 
that have benefitted least from the last few centuries of history where healing is most needed, 
and whose knowledge systems, wisdom, and ways of being in the world are often overlooked. 

I am not Indigenous nor am I currently closely connected to anyone who is at the time of this 
writing, but I have always been irked by the ways in which the country I grew up in has chosen 
to value profit over the sustained health and wellbeing of its citizens, humanity, and life on this 
planet. I learned through my studies in geography that technical solutions to environmental 
challenges will not solve all of our problems. The problem is with humans and the way that we 
relate to each other and to our planet. I am not suggesting that all Indigenous cultures have 
always lived in perfect harmony with their environment; indeed, there are examples to the 
contrary. However, it is my hope that better understanding the mechanisms behind language 
endangerment, which is convergent in many ways with species endangerment, may help to 
illuminate paths forward. According to a quote attributed to Albert Einstein, “We can’t solve our 
problems by using the same kind of thinking we used when we created them.” This may mean 
drawing upon wisdom from Indigenous knowledge, to the extent that knowledge-keepers today 
are willing to share it, in order to further envision more egalitarian and productive responses to 
today’s global and regional challenges, which are often interconnected. 

With this goal in mind, my interest in this dissertation is not so much in preserving one particular 
language but in recognizing themes and patterns that apply to multiple different language 
situations. On a global level, I would like to see knowledge about the importance of language 
preservation and intergenerational transmission spread to communities that are at risk of losing 
their heritage languages. I also hope that quantitative research may help to solidify people’s 
understanding of the causes of language loss and facilitate intervention at a policy level. 
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1.3	 INTENDED	AUDIENCE	
The audience for this dissertation is meant to be broad and to include academic linguists, 
language activists, members of Indigenous communities, policymakers, and other interested 
members of the general public (and many people may fit more than one of these descriptions). 
Several of the themes discussed may apply outside of the context of North America, while others 
are more relevant to this geographic region. The project is interdisciplinary by nature and 
therefore may additionally have appeal to academicians and scholars outside of the field of 
linguistics, expanding into areas such as geography, public health, bioecology, and data science. 
This work has been inspired by and is intended to be in line with decolonial approaches to 
language studies that consider languages holistically as connected to place, identity, and culture. 

1.4	 LIST	OF	TERMS	
This section presents a list of terms used throughout this dissertation with brief descriptions of 
the meanings that are intended for the purposes of this work. Note that terms such as “extinct” 
are increasingly considered to be problematic for reasons presented in Section 2.1 and that terms 
such as “sleeping” are generally preferred. However, due to its frequent occurrence in the 
literature, there are multiple instances in which quotes including the word “extinct” are 
presented; therefore, a description of this word’s intended meaning remains important to this 
work. 

• endangered – refers to a language variety that is trending toward ceasing to be learned 
and used in coming generations (see Section 2.2 for more information about these trends) 

• extinct – refers to a language variety that is no longer known by anyone living; this term 
has fallen out of favor in part due to reasons described in Section 2.1, and the word 
“sleeping” is generally preferred 

• sleeping – refers to a language variety that is no longer known by anyone living, while 
reflecting the possibility that the language variety could be learned and used again; 
another word sometimes used for this concept is “dormant” 

• revitalization – process or activity in which individuals and communities apply 
conscious effort to increasing knowledge and use of a language; the specific efforts 
undertaken and goals of each language community may vary 

• reclamation – process or act of reasserting rights to language, identity and culture, 
specifically through language revitalization or reawakening, and often as a form of 
resistance following a period of cultural oppression; “effort by a community to claim its 
right to speak a language and to set associated goals in response to community needs and 
perspectives” (Leonard 2012: 359) 

• vitality – in reference to languages and language varieties, the general concept of a 
language or language variety being known and used in multiple circumstances by 
communities that are continuing to pass down the language to children; the word can also 
be used to represent a rank or metric for this concept (see Section 2.4 for more 
information) 
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• intergenerational transmission – the transmission of knowledge of a language variety 
from an older generation to a younger one, the key process needed for the continuation of 
a language through time; while intergenerational transmission typically involves children 
and is thought of as happening primarily in the home, this dissertation assumes a broader 
and more literal interpretation that can include any age groups and domains of use 

• polygon – a two-dimensional shape with geographic coordinates projected onto a virtual 
representation of the Earth’s surface in a geographic information system (GIS), used for 
representing land areas such as those of historical language areas and present-day U.S. 
government-recognized Native land areas; a type of vector data 

• shapefile – file format used to encode geographic vector data, which includes points, 
lines, and polygons 

1.5	 ETHICS	AND	DATA	ARCHIVING	
Institutional Review Board (IRB) approval was not necessary due to the nature of this project, as 
the data collected were accessed from scholarly and publicly accessible Internet resources. All 
information used to compile the databases is publicly accessible, including information regarding 
language revitalization programs.  
No human participants were interviewed or used as test subjects for this research. The newly 
created databases will be made freely available to other scholars and Indigenous language 
workers on Zenodo and possibly other platforms in the future. 
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CHAPTER	2. BACKGROUND	
This chapter presents a review of previous studies and publications relevant to this dissertation. 
Section 2.1 introduces parallels between biology and linguistics through describing the language 
as species metaphor; Section 2.2 focuses on the field of language endangerment and vitality 
studies and the various related interdisciplinary areas of study such as biocultural diversity and 
traditional ecological knowledge; Section 2.3 discusses various aspects of language revitalization 
and reclamation; Section 2.4 describes language vitality assessment methods; Section 2.5 
discusses language vitality science; Section 2.6 reviews previous studies focused on modeling 
language vitality quantitatively; and Section 2.7 discusses the applications of geographic 
methods in language vitality research. Section 2.8 provides background on the factors to be 
examined in this dissertation. 

2.1	 THE	LANGUAGE	AS	SPECIES	METAPHOR	
It has been noted since at least the middle of the nineteenth century that the evolution of both 
languages and species share similarities (Harmon 1996), and since then independent studies in 
various aspects of human culture—including language—have shown further parallels between 
human language and cultural evolution and that of biological species (Mesoudi 2017). Perhaps in 
part because of these parallels, researchers in linguistics frequently use words that are also used 
to refer to biological species. For example, languages are classified by family, and language 
families are thought of as having internal phylogenies with discernable “genetic” relationships 
among the language varieties within. Terminology—such as “vulnerable,” “threatened,” and 
“endangered”—used to classify biological species endangerment has been carried over to 
classify endangerment of languages as well. To this point, Krauss 1992 noted that “language 
endangerment is significantly comparable to—and related to—endangerment of biological 
species in the natural world.” The field of language ecology similarly evokes the language as 
species metaphor by drawing on the notion that languages have evolved in tune with their 
environments and that understanding ecological contexts might be critical to languages’ survival 
(see discussion in Section 2.7.1). To push the metaphor further, lexical and grammatical content 
can be thought of as the DNA of language(s), coding for a particular worldview, and 
intergenerational transmission (discussed further in Section 2.4.2.1) is the means by which 
languages continue to pass on their “genetic” information into the future. 

The language as species metaphor is based on a number of parallels that can logically be drawn 
from information gathered over the last 100-plus years; however, this metaphor has also been 
used to evoke misleading assumptions that are increasingly understood as harmful to Indigenous 
communities. For example, one challenge with the language as species metaphor is the common 
assumption that once a language “dies” or goes “extinct,” it is gone forever (Davis 2017: 47). 
Davis 2017 thus argues that terms such as “dead,” “extinct,” and “last speaker” are harmful to 
Indigenous communities in their implication of finality. As of yet, no extinct species has yet been 
brought back to life (but see Richmond, Sinding & Gilbert 2016); however, there are multiple 
historical examples of languages being reawakened after years or decades of laying dormant, 
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including Hebrew (Fellman 1973), Wampanoag (2011; baird 2013), and Miami (Baldwin & 
Costa 2018).  

From a scientific perspective, acknowledging the parallels between languages and species does 
not require making inaccurate assumptions about where the parallels hold true so long as the 
researcher has evidence from within a domain of study that the parallel is or is not valid with 
regard to each aspect of the parallel under consideration. For this reason, one must be careful not 
to extend the metaphor to aspects of the parallel that do not yet have an evidential basis for doing 
so. One must also be careful not to get so caught up in the metaphor as to lose sight of the 
differences between species and languages. 

Davis 2017 further argues that many discussions about language endangerment implicate the 
victim (i.e., Indigenous communities) as the agent of language shift rather than pointing to the 
social, economic, historical, and political forces that shape a language community’s linguistic 
reality. In this case, extending the language as species metaphor could serve to benefit 
Indigenous communities, since the dominant perspective among bioecologists is that human 
activities have harmed species’ possibilities of survival and that the species themselves are not to 
blame. Historical accounts, Indigenous voices, and scholarly work on the sociolinguistics of 
language ecology and language endangerment point to this aspect of the parallel being well-
supported by multiple bodies of evidence. 

2.2	 LANGUAGE	VITALITY	AND	ENDANGERMENT	
In 1992, Michael Krauss presented a strong and impassioned argument for why linguists should 
be concerned about increasing rates of language endangerment and called upon his colleagues to 
engage more directly in assisting with the documentation and conservation of endangered 
languages (Krauss 1992). Language activists and scholars have continued to highlight the 
importance of language preservation in the interest of both human rights and linguistics as a 
science. Efforts toward language preservation include dedicated activist work and continued 
research into the structural, cognitive, social, and other properties of Indigenous and minority 
languages. Meanwhile, biologists and members of the general public have been increasingly 
informed and aware of global language endangerment trends. As global concern for the plight of 
endangered species grew, Sutherland (2003), a biologist, showed that rates of language 
endangerment were higher than rates of endangerment of bird and mammal species. Yet, at that 
time, there was still more general awareness and concern about the risks faced by biological 
species than by languages. Some governments ignore or downplay the value of linguistic 
diversity that exists within national boundaries. Others, like Papua New Guinea, embrace 
language diversity and use it as a form of cultural tourism (and yet, languages are shifting 
quickly in PNG as well). There can be major obstacles in the way of convincing governments to 
acknowledge the rights stated in the UN Declaration of Rights of Indigenous Peoples (2007), and 
yet some governments are or have been amenable to taking action if it is clear what that action 
might be and how it can be feasible given the various other challenges they grapple with. 
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Meanwhile, there are other levels of influence besides national government that can make an 
impact. The UN, museums and educational institutions, community-driven efforts, and even 
individual families can all make efforts toward language preservation if they feel that it is 
important and they know what to do. Educators and community activists have focused on how to 
make language revitalization programs at the community and family levels work. Decolonization 
and language reclamation are a major part of this, along with healing from the trauma inflicted 
upon families through genocide and institutional oppression. Indigenous communities in North 
America, as in other parts of the world, experience high rates of mental and physical illness 
caused by social, psychological, political, and environmental factors linked to histories of 
oppression (King, Smith & Gracey 2009). These are part of the larger picture of systemic 
inequality that started during the European colonial period and has continued since. Language 
reclamation, in North America in particular, is part of a larger story of healing. 

2.2.1 Language	loss	in	the	modern	era	

Estimated rates of global language endangerment in the modern era range from 90% (Krauss 
1992) to 46% (Rehg & Campbell 2018). In North America in particular, 152 (48%) “of the some 
314 languages spoken in what is now the United States and Canada when Europeans first 
arrived… no longer have native speakers.” And in what is now the United States, “only about a 
dozen” of the “ 280 languages at the time of first European contact in present-day US territory… 
are still being passed on to children” (Rehg & Campbell 2018, pp. 3-4). Rehg & Campbell go on 
further to predict that “many will soon be extinct, unless language revitalization efforts succeed” 
(Rehg & Campbell 2018, pp. 3-4). While there is some amount of language loss that undoubtedly 
happened prior (consider Nichols 1997), “as with biodiversity…, what is unprecedented is an 
extinction crisis of the present scale and pace. It has been estimated that there may already be 15 
percent fewer languages now than 500 years ago, when European colonization began (Bernard 
1992). Losses have been especially marked in the Americas and Australia, and the trend is now 
accelerating throughout the world, with Australia and the Americas (especially the United States) 
still in the lead” (Maffi 2001). 

2.2.2 Causes	of	language	endangerment	

In their introduction to the book Saving Languages: An Introduction to Language Revitalization, 
Grenoble & Whaley 2005 stated that, in general, “asymmetry in power, use, or prestige between 
a local language and a language of wider communication” is “the root cause of language 
endangerment” (p. 15). Drawing from Grenoble & Whaley 2005 (p.17), there are three main 
ways in which language loss has been known to occur: 

• While relatively historically rare, “sudden attrition occurs when a language is abruptly lost 
due to the sudden loss of its speakers as the result of disease, warfare, natural catastrophe, 
and so on.” 

• “Radical attrition is similar to sudden attrition in that it comes from a set of political 
circumstances which lead to speakers ceasing to use their language due to repression and/or 
genocide. It is a means of self-defense: speakers wish not to be identified with their ethnic 
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group so as to avoid persecution and, accordingly, rapidly cease speaking their heritage 
language.” 

• “Gradual attrition refers to the relatively slow loss of a language due to language shift away 
from the local language to a language of wider communication, whether that be a regionally 
dominant language or a national lingua franca. Most reports of cases of gradual attrition cite 
some transitional bilingualism, as the speaker population is in the process of shift, and it is 
here that one finds clearest gradations in intergenerational transmission.” 

 
Indigenous peoples of North America have historically been subjected to conditions that would 
naturally result in at least one if not all three of these types of language attrition since the arrival 
of Europeans on the continent in 1492, first through disease and warfare, then through cultural 
genocide, and most recently through a shift toward languages of wider communication. Prior to 
this time, language loss may have happened, but it is thought to have been on a smaller scale. 
This points clearly to the problem of language loss in North America being attributable to the 
European colonial legacy, in addition to modern-day cultural norms, such as those promoting 
monolingualism, that stem from this legacy. 

2.2.3 Biocultural	diversity	and	traditional	ecological	knowledge	
In regard to the language as species metaphor described in Section 2.1, Harmon (1996) showed 
how “species and languages are not just comparable on an abstract, conceptual level. There is 
also a striking pattern of congruity in the geographical distribution of the two. For instance, 
many countries with high numbers of endemic species also have many endemic languages” (p. 
96). Harmon goes on to describe three likely reasons for these patterns of geographic 
congruence: 

1. “Extensive countries with highly varied terrain, climate, and ecosystems tend to have 
high numbers of endemic species simply because of their size and biophysical diversity. 
These same factors, operating at the lower population levels that prevailed before 
European expansion, also fostered communicative isolation among small speech 
communities, thus allowing many small autonomous languages to evolve” (p. 96). 

2. “Island countries tend to have high numbers (and often a high density) of endemics 
because their physical isolation from continental land masses has allowed more locally 
adapted species to develop. Islands that in addition have broken terrain or some other 
significant physical barriers to easy internal movement of peoples also will tend to have 
more endemic languages than similar continental countries” (pp. 97-98). 

3. “Tropical countries tend to have more species than those with predominantly boreal, 
temperate, Mediterranean, or austral climates (WCMC 1992: 43). Tropical countries also 
tend to have more endemic languages than the others because the warm climate and 
ample rainfall, coupled with the richness of the natural resources at hand, was historically 
favorable to the small hunter—gatherer societies that flourished before the advent of 
concentrated agriculture. With these small cultural groups came many endemic 
languages” (p. 98). 
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Harmon also stated that the confluence of these three factors in one geographic area can explain 
the high rates of language diversity in countries such as Indonesia and Australia. Harmon’s 
observations and explanations for them were partly supported by Nettle 1998, which explained 
the congruence between species and language diversity distributions through shared correlations 
with climate. Nettle (1998) credited earlier authors such as Breton 1991; Nichols 1990, 1992; 
and Mace & Pagel 1995 for noticing the latitudinal gradient in the geographic distribution of 
languages. Later studies showed similar geospatial patterns of correlation between language 
density and biological species richness on both global (Sutherland 2003; Gorenflo et al. 2012) 
and regional (Moore et al. 2002; Turvey & Pettorelli 2014) scales. These similarities further 
support the idea that that there is a meaningful relationship between linguistic and biological 
diversity, leading to the coining of the term “biocultural diversity” and emergence of an 
interdisciplinary field of study surrounding that (Maffi 2001; Stepp et al. 2004; Loh & Harmon 
2005; Sterling et al. 2017). 

In addition, Harmon (1996) noted the possibility that geographic patterns of congruity could be 
partly explained by co-evolution of cultural groups and species: “Endemicity calls to mind 
another intriguing possibility: that numerous small cultural groups have co-evolved with the 
locally adapted animals and plants around them.” He noted “the intimate knowledge Indigenous 
peoples often have of their immediate environment, and their traditional dependence on it,” 
making an appeal to the validity of this knowledge, which was, at the time, “increasingly being 
seen as valid scientific information by biologists (see, for example, Wilson 1992: 42-44)” 
(Harmon 1996: 100). This latter point about the scientific validity of what has been known 
variously as traditional environmental knowledge, traditional ecological knowledge (TEK), 
traditional local knowledge (TLK), and Indigenous and local knowledge (ILK) has since been 
greatly expanded to acknowledge the myriad ways in which Indigenous environmental 
knowledge systems serve to safeguard biodiversity, as well as the many ways in which 
Indigenous wellbeing is tied to a connection to local wilderness and ancestral lands. 

As the immediacy of the anthropogenic threat to life on Earth as we know it increases, the 
connection with loss of Indigenous and local knowledge systems is not lost on bioecological 
conservation scientists. On the contrary. In 2019, a group of scientists issued a call for 
transformative change to reverse the “pervasive human-driven decline of life on Earth.” In this 
appeal, they evoked the importance of Indigenous knowledge and practices for maintaining 
biodiversity: “A wide range of practices of Indigenous Peoples and local communities maintain 
and enhance wild and domestic biodiversity” (Díaz et al. 2019, p. 5). This is true for other 
aspects of ecological resilience as well. For example, Indigenous fire management techniques, if 
implemented correctly, may help to counter the increasing risks of dangerous wildfires that have 
been exacerbated by climate change, changes in land use patterns, and centuries of fire 
suppression (Nikolakis & Roberts 2020). 

Two years later, another group of scientists issued a “warning to humanity on threats to 
Indigenous and local knowledge systems,” highlighting both risks to Indigenous and local 
knowledge (ILK) and recommendations for preserving it (Fernández-Llamazares et al. 2021). 
These recommendations include “actions focused on rights, access, and equity in land and 
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resource management and decision-making” as well as “other recommendations [that] illustrate 
the web of social, educational, governance, and ecological issues facing Indigenous Peoples and 
local communities” (Fernández-Llamazares et al. 2021: 160). The authors also highlighted the 
role of culturally embedded knowledge in enhancing resilience: “the challenge is to acknowledge 
and understand the different realities of loss, while affirming the ongoing struggle to nurture, 
revitalize, and enact deeply rooted cultural mechanisms of persistence, adaptation, and 
resilience” (Fernández-Llamazares et al. 2021). 

2.2.4 Links	between	language	and	wellbeing	
Language loss is not simply an abstract concern for cultural plurality and the loss of valuable 
sources of traditional ecological knowledge but is also considered a critical component of 
wellbeing in many Indigenous communities (Taff et al. 2018). Indigenous people around the 
world are at greater risk for numerous health issues (Gracey & King 2009), due in part to “a 
range of cultural factors, including racism, along with various Indigenous-specific factors, such 
as loss of language and connection to the land, environmental deprivation, and spiritual, 
emotional, and mental disconnectedness” (King, Smith & Gracey 2009). For many Indigenous 
people and communities, knowledge of an ancestral language and connection to Indigenous 
identity are integral parts of wellbeing, as “Indigenous peoples define wellbeing far more broadly 
than merely physical health or the absence of disease” (King, Smith & Gracey 2009). Indigenous 
conceptions of health include having a sound mind, balanced spirit, and connection with 
community. Eyewitness accounts strongly suggest that for many Indigenous people, learning 
their language is directly linked with healing from the trauma of colonialism (Taff et al. 2018). 
Consequently, “if we are concerned about the physical and emotional health of Indigenous 
peoples, then it is important to recognize that language can heal. Proliferation of language 
continuity efforts (revitalization, perpetuation, transmission, restoration) can heal past traumas 
and can strengthen individuals and their language communities” (Taff et al. 2018). 

2.3	 LANGUAGE	REVITALIZATION	AND	RECLAMATION	
As so many languages in North America and around the world have been facing threats to their 
existence, efforts are being taken by community members and language activists to reclaim 
Indigenous cultural knowledge and practices, including through language revitalization efforts 
and in particular the establishment of bilingual and language immersion schools. Other projects 
including language documentation and the creation of dictionaries and educational materials 
have been under way. The following subsections will discuss language revitalization through 
language education and other types of language revitalization efforts. For broad overviews of a 
number of language revitalization efforts over the last several decades, see, for example, 
Fishman 1991, Grenoble & Whaley 2005, and McIvor & McCarty 2016. 

2.3.1 Language	revitalization	through	language	education	
Language revitalization has, in many cases, involved some form of language education. 
Sometimes, this is part of formal schooling, or it can focus primarily on language education in 
the home. The education can be directed toward children in immersion programs or toward 
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adults who may, through concerted effort, become second language speakers and teach their 
children their heritage language. Sometimes the language education skips a generation, as in the 
first Hawaiian language immersion preschools, or Pūnana Leo, that recruited elders with 
knowledge of the Hawaiian language to teach children in an immersive setting. 

Article 14, Part 1 of the UN Declaration of Rights of Indigenous Peoples states that “Indigenous 
peoples have the right to establish and control their educational systems and institutions 
providing education in their own languages, in a manner appropriate to their cultural methods of 
teaching and learning” (United Nations 2007). However, these rights have not always been 
upheld. In a number of communities in both Canada and the United States, Indigenous children 
were forced from their homes and placed into boarding schools where they were prohibited from 
using their languages and practicing other aspects of Indigenous cultures. This had a massively 
detrimental effect on these communities, immediately interrupting intergenerational 
transmission. The disruption of intergenerational transmission was further entrenched by 
traumatic and embarrassing punishments inflicted on Indigenous students who were caught using 
their languages, as recounted in sources such as Taff et al. 2018. Indigenous communities’ 
regaining control of their educational systems is key to language revitalization efforts, as 
"education in the language is essential for language vitality" (UNESCO 2003). 

Indigenous communities in many parts of the world have known about the value and impact of 
educating children in their language and culture since before it was widely recognized by most 
language scholars as a key solution to language endangerment trends. Dr. Linda Tuhiwai Smith, 
Māori elder and leader in Māori language revitalitzation, described how early on, primarily 
women and mothers were leading the movement by educating children in the Māori language. 
Some ‘expert’ linguists told them that they were doing it wrong, and the government worried 
about children’s English language proficiency, but ultimately this was key to bringing the 
language back (Smith 2021). Similar accounts can undoubtedly be found among Indigenous 
communities in North America. 

The concern for students’ proficiency in a colonial or dominant language is indeed a compelling 
but ultimately misguided argument. Accounts of Indigenous language medium educational 
programs in multiple communities, from Navajo to Hawaiian to Yup’ik, show that Indigenous 
students educated in the medium of their language outperform their English-speaking peers 
(McIvor & McCarty 2016). This may be due in part to the cognitive advantages to bilingualism 
(Taff et al. 2018: 16-17) as well as to the emotional and social ones (Taff et al. 2018). In any 
case, multilingual education is hardly cause for concern given the likelihood that multilingualism 
may have been not only the norm throughout most of human history but an integral component 
of how language evolved in the first place (Evans 2017). 

There can, of course, be technical challenges with implementing language education programs, 
such as training teachers and creating a sufficient collection of educational tools and resources. 
As noted in Grenoble & Whaley 2005, p. 10, “ideally, for sustaining vitality in a local language, 
all subject matter needs to be taught in the language, and pedagogical materials must be available 
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to teachers and students. This in turn mandates the existence (or development) of discipline-
specific materials, which in turn requires technical terminology in the lexicon of the language.” 
However, technical challenges are ones that can more easily be solved by bright and determined 
minds putting their heads together; whereas, overcoming institutional and political blocks 
including ongoing systems of oppression is more challenging. While it is still in process and has 
not yet fully met all of the language activists’ goals, the Hawaiian language revitalization effort 
spearheaded in the 1970’s is a particularly strong example of a community coming together to 
push for legislation and state-level support of their determined efforts at language reclamation. 

2.3.2 Language	immersion	

“Language immersion, which provides all or most of children’s instruction in the target or 
heritage language, is increasingly the pedagogy of choice among Indigenous communities 
seeking to produce a new generation of fluent Native language speakers” (McCarty 2003). 
Hawaiian and Māori language immersion programs are among the most successful Indigenous 
language immersion programs in the world and are often used as an example for others. This 
type of language education is considered the “gold standard” of language revitalization, as it 
creates a context in which everyone—children, elders, parents, teachers, and others in the 
community—can and do use the language every day. Not only do language immersion programs 
succeed at producing new speakers; Indigenous students educated in a Native language 
immersion context out-perform their English-speaking peers and Indigenous students at local 
public schools (McIvor & McCarty 2016; Pease-Pretty on Top 2003). A number of Indigenous 
language immersion programs, along with some Indigenous bilingual education programs, “have 
been shown to enhance cultural pride and intergenerational connections, and transform 
hegemonic expectations about Indigenous languages and cultures, from loss and extinction to 
resilience and self-empowerment” (McIvor & McCarty 2016: 9). 

Language immersion programs are attempts to restore what has been lost, or is at great risk of 
being lost, in an Indigenous way that is specific to the culture doing the revitalization (Pease-
Pretty on Top 2003). “Many immersion schools are built and furnished after ‘gramma's home’ 
and pattern their methods from Native grandparents ways of knowing and learning. The teachers, 
educators and activists have diverse backgrounds; by profession/vocation, they are teachers, bus 
drivers, retired BIA administrators, Head Start teachers, ranchers and more. What these 
educators and activists have in common is a driving, even compelling commitment to language 
learning and a well-spring of enthusiasm for their students' and participants' potential” (Pease-
Pretty on Top: 10). The commitment of teachers, parents, elders, and others in the community 
toward educating students in the language may be a driving force for their success in terms of 
positive student outcomes. However, funding is a perennial challenge for most Indigenous 
language immersion programs, and funding sources and stability vary (Pease-Pretty on Top 
2003). 

2.3.3 Language	nests	
A language nest is a language immersion program for young children. Language nests started 
with the Kōhanga Reo (Māori) and Pūnana Leo (Hawaiian) language nests in the early 1980’s 
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(Hinton 2018). These language nests enlisted elders who were still proficient in the language as 
teachers who would teach through the medium of Hawaiian or Māori so that children would have 
daily exposure to the target language and become accustomed to using it regularly for a variety 
of purposes. “In the ideal language nest, the mainstream language of the nation is never heard, 
and children are engaged at all times in activities where the heritage language is being used” 
(Hinton 2018: 5). For many communities, this can be a first step toward a more expanded 
language immersion or bilingual education program. While in the case of Hawaiian, this was still 
a monumental effort, “since many countries do not require formal pre-school education, laws and 
policies are more lenient toward minority language immersion in language nests than they are in 
the primary and secondary schools, making it easier for communities to implement a language 
nest than a [primary or secondary] school program” (Hinton 2018: 5-6). For those interested in 
establishing or strengthening a language nest in their community, an excellent resource with 
strategic information can be found in the dissertation of Eve Okura (2017). 

2.3.4 Master-apprentice	program	

The Master-Apprentice program, or Master-Apprentice approach, was developed in California 
by the native-run Advocates for Indigenous California Language Survival in 1992 in response to 
the high rates of critical language endangerment in California and needs of communities in this 
state. California is home to a relatively large number of Indigenous languages, and this diversity 
introduces challenges with implementing language education programs at an institutional level 
(Hinton 2018). The Master-Apprentice program addresses these challenges with a 
“bootstrapping” approach that only requires two adults—a speaker of the language and an 
interested learner—to get together and work on language education in a comfortable setting with 
relatively flexible and encouraging guidelines (Hinton 2018). The Master-Apprentice approach is 
“relatively simple in concept, commonsense, and based on approaches that individuals have used 
throughout history to learn a language through immersion in a speech community. All one needs 
is a speaker and a person with a passion to learn the language. The difficulties come, though, 
from not actually having a location where there are lots of people using the language all day, 
every day. The team has to create their own speech community and their own immersion” 
(Hinton 2018). 

2.3.5 Breath	of	Life	
The Breath of Life Language Restoration Workshop for California Indians was developed in 
1995 by the Advocates for Indigenous California Language Survival as a way for members of 
California Native tribes to learn how to access information about their languages from UC 
Berkeley archives: “Participants in the program come to learn how to find archival materials, 
how to read and analyze them, and how to use them for language learning and teaching, 
materials development, and actual use in their daily lives” (Hinton 2018: 13). The program has 
continued as a summer workshop that runs every other year, and a national version has opened 
up in Washington, D.C. “for all languages of the United States and Canada” (Hinton 2018: 14). 
“Now there is a ‘Breath of Life 2.0,’ an advanced workshop for experienced Breath of Lifers to 
teach them how to make a database to organize and use efficiently the materials they found in 



 

 
16 

university and museum archives or have in their own collections” (Advocates for Indigenous 
California Language Survival 2020). 

2.3.6 Revitalizing	sleeping	languages	
While revitalizing a language after the disruption of intergenerational transmission is already a 
challenge, reviving sleeping languages is even more challenging due to the absence of living 
speakers. If a language community is fortunate enough to have historical language 
documentation records, one or more dedicated individuals can sift through archives and piece 
together information about how the language was used. This requires linguistic training. Once 
enough knowledge has been gleaned from the records, assuming the records are extensive 
enough for such knowledge to be gleaned, then the language can start to be taught to others. The 
revitalization of the Miami language is a historic example of this type of reclamation. The Miami 
language stopped being spoken in around the 1960s but has been brought back in recent decades 
thanks to the pioneering and dedicated work of Daryl Baldwin and his collaborators, in 
partnership with Miami University (Baldwin & Costa 2018). 

2.4	 LANGUAGE	VITALITY	ASSESSMENT	
Partly as a response to language endangerment trends, various methods of language vitality 
assessment have been introduced and implemented as a way gauge current linguistic situations 
and to compare them across time. They may also be used to identify communities most at risk 
and to direct resources toward them. Language vitality assessment can be done through 
sociolinguistic surveys, such as those presented in Fishman 1991, which have the advantage of 
potentially uncovering a wealth of information on community language attitudes and domains of 
use. It can also be done through speaker counts, preferably conducted by someone familiar with 
the language and community. In some cases, census data are used to estimate speaker 
populations, but these estimates can be inaccurate, particularly if they are based solely on the 
number of people who identify with an ethnic group associated with the language in question 
rather than on actual language proficiency or use (Grenoble 2016). Another method of language 
vitality assessment is to test the strength of grammatical knowledge and vocabulary in individual 
speakers and learners, for example through psycholinguistic word recall tasks (O’Grady 2009), 
through linguistic tasks that enhance self-assessment accuracy (Yang, O’Grady & Yang 2017), 
or through various kinds of picture task assessments for children, as in Okura 2017. 

It must be noted that not all revitalization efforts are oriented toward producing speakers with 
perfect grammar. In many cases, community members are equally if not more concerned with 
cultural knowledge and context. Therefore, the best method of assessing the effectiveness of 
language revitalization and education programs in particular is for community members to set 
values-based goals for their programs and later evaluate based on their own stated criteria 
whether the goals of these programs are being met (Leonard 2011). There may still be other 
ways of conceptualizing language vitality through Indigenous lenses that have not yet been 
widely recognized in the literature on language revitalization. 
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Different individuals and organizations may have different preferred methods for language 
vitality assessment, but language vitality metrics, described in Section 2.4.1, use the available 
data and attempt to apply the same set of criteria to all known living languages, or to endangered 
languages, to get a vitality ranking for each. In reality, not all information is current and accurate 
for all languages, so these metrics are not highly reliable for small sample sizes or individual 
languages. However, they can be useful for illustrating trends. 

2.4.1 Existing	vitality	metrics	

Multiple metrics have been developed for measuring language vitality and endangerment. These 
include the Graded Intergenerational Disruption Scale (GIDS, Fishman 1991), the Expanded 
Graded Intergenerational Disruption Scale (EGIDS, Lewis & Simons 2010), UNESCO’s nine 
factors for assessing language vitality (2003), and the Language Endangerment Index (LEI, Lee 
& Van Way 2016). These metrics reflect years of research and observation of sociolinguistic 
trends in various communities, and the factors included in these metrics similarly reflect those 
that researchers in the field have noted as being particularly salient in their observations. The 
GIDS, EGIDS, UNESCO scale, and LEI are all similar in that they provide a measure of a 
language’s current level of vitality given available information at the time the assessments were 
made. They do not, however, provide an explanation for how languages got to where there are 
now. These metrics will be summarized in the subsections that follow, and some of the problems 
or challenges with these metrics will be presented in Section 2.4.3. As in Grenoble 2016, I prefer 
to use the term “vitality” rather than “endangerment” in reference to these metrics to highlight 
the positive aspects of languages in use rather than the threats to them. 

2.4.1.1 GIDS 

The Graded Intergenerational Disruption Scale (Fishman 1991) was developed as a tool for 
assessing the vitality of languages at different stages of intergenerational disruption. Due to the 
focus on reversing language shift, or RLS, included at each stage of GIDS are specific 
recommendations as to how to continue to promote language vitality given the social context. 
Fishman describes it in the following way: “The GIDS may be thought of as a sociocultural 
reverse analog to the sociopsychological language vitality measures that several investigators 
have recently proposed, the higher the GIDS rating the lower the intergenerational continuity and 
maintenance prospects of a language network or community… GIDS is at least a quasi-
implicational scale, i.e. higher (more disrupted) scores imply all or nearly all of the lesser 
degrees of disruption as well” (Fishman 1991, p. 87). 

2.4.1.2 UNESCO scale 

The UNESCO scale (UNESCO ad hoc expert group on endangered languages 2003) is one of the 
measures of language vitality currently in use and is based on nine factors:  

1) Intergenerational language transmission 
2) Absolute number of speakers 
3) Proportion of speakers within the total population of a group 
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4) Trends in existing language domains  
5) Response to new domains and media 
6) Materials for language education and literacy 
7) Governmental and institutional language attitudes and policies, including official status and 

use 
8) Community members’ attitudes toward their own language 
9) Amount and quality of documentation 

2.4.1.3 EGIDS 

The expanded GIDS, or EGIDS was developed “for the Ethnologue to report ethnolinguistic 
vitality using a framework that represents current best practice and that can be applied 
consistently to all of the world's languages whatever their degree of endangerment or 
development” (Lewis & Simons 2010, p. 10). It does this by including sub-levels for both the 
most endangered and most safest languages and was created as a “harmonization of” the GIDS, 
UNESCO scale, and previously-existing Ethnologue five-level scale for assessing language 
vitality (Lewis & Simons 2010, pp. 9-11). This is the primary language vitality measure used by 
Ethnologue and many other sources today. 

2.4.1.4 The Language Endangerment Index (LEI) 

The Language Endangerment Index (Lee & Van Way 2016) was developed specifically for use 
with endangered languages and is the metric used in the Catalogue of Endangered Languages, or 
ELCat. It is based on four factors—intergenerational transmission, domains of use, total number 
of speakers, and proportion of speakers within the population—with intergenerational 
transmission carrying double weight, as it is considered the most important indicator of language 
vitality. Certainty levels are also provided based on the information available, since in many 
cases there is missing information for endangered languages. Notably, the LEI does not include 
language attitudes as a factor (Grenoble 2016). Language attitudes are discussed further in 
Section 2.4.2.3. 

2.4.2 Factors	commonly	considered	in	vitality	metrics	

Some of the key factors that are included in standard language vitality metrics and are most 
relevant to this dissertation are discussed in this section. They include intergenerational 
transmission (Section 2.4.2.1), domains of use (Section 2.4.2.2), language attitudes (Section 
2.4.2.3), and language policies (Section 2.4.2.4). An additional factor that is commonly included 
is the absolute number of speakers. 

2.4.2.1 Intergenerational transmission 

Intergenerational transmission, the transmission of a language from one generation to another, is 
the typical means through which languages continue to thrive. Adult users of a language pass 
down their knowledge to younger generations, who grow up and pass down the language to those 
younger than them. Children are at a developmental stage in which they are poised to learn 
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language.  This is why all of the primary language vitality metrics rely on intergenerational 
transmission (see Section 2.4.1) and why so many language revitalization programs focus on 
educating children. 

Research in language acquisition indicates that children need to have substantial exposure to a 
language in childhood to become proficient adult users of a language (O’Grady & Hattori 2016). 
Adults can learn new languages too, but they rarely if ever acquire a native-like level of 
phonology, grammar, and understanding of cultural and contextual nuance in language compared 
to those who had sufficient language exposure as children. While the means of intergenerational 
transmission may vary—parents, grandparents, teachers, older siblings, and various other adults 
in the community can all participate in transmitting language—the idea of children learning a 
language from those who already know it is paramount to understanding how a language 
continues to be passed down throughout history.  

2.4.2.2 Domains of use 

Another key factor in language vitality metrics is domains of use, which Fishman (1991) 
describes as “all of the interactions that are rather unambiguously related (topically and 
situationally) to one or another of the major institutions of society: e.g. the family, the work 
sphere, education, religion, entertainment and the mass media, the political party, the 
government, etc.” (p. 44). Languages that are used in fewer domains, such as in family life but 
not education or government, where a national or regionally dominant language may instead be 
used, are more endangered due to the often perceived prestige gap between languages and lower 
availability of contexts in which to use the language in question. Domains of use, then, is one of 
the factors that takes into account the social context of the language. 

Domains of use can be strongly influenced by geography. Grenoble & Whaley 2005 even went 
so far as to say that “domains are often geographically determined” (pp. 7-8). One way in which 
geography can influence domains of use is through regional or national policies enacted 
surrounding language-medium education. Grenoble & Whaley 2005 state, “In regions where a 
nationally (or regionally) administered education system exists, the languages of education 
become a key determinant of language use in other domains. When mandatory schooling occurs 
exclusively in a national language, the use of local languages almost inevitably declines. When 
local languages are part of the formal educational process, they typically maintain a higher 
degree of vitality” (p. 8). 

2.4.2.3 Language attitudes 

An additional factor that can be difficult to measure but also has an impact on language vitality is 
language attitudes, including attitudes toward the language coming from both within and outside 
of the community. Attitudes coming from outside of the community, such as from a surrounding 
majority population or government, can influence attitudes of community members themselves 
toward their own language and culture. Educational or government policies as well as ideas and 
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imagery communicated through national media have the ability to negatively or positively affect 
local community attitudes (Grenoble & Whaley 2005). 

Some examples of modern negative language attitudes include the language being considered 
old-fashioned, unsophisticated, or uncool. In addition, there can be a perception that a language 
is not worth learning and using if a more dominant language would impart social or economic 
benefits. This can lead to language loss when parents and caregivers overlook the possibility of 
multilingualism and guide children toward the use of a majority language to the exclusion of 
others. Other negative language attitudes were more common in past times include those that 
imply that a language may have been inferior, impoverished, or even evil. 

Positive language attitudes, on the other hand, include those that imply that a language contains 
valuable information; that it is beautiful in some way—perhaps in the way that it sounds, its 
grammatical patterns, or the opportunities it presents for poetic expression; or that it allows 
people to communicate concepts that other languages do not, drawing upon notions of linguistic 
relativity. Other potentially positive attitudes are that the language can reinforce one’s identity 
and connection with land, family, and/or ancestors. Some cultures believe that their language is a 
gift from a Creator and that it is meant to be cherished. 

2.4.2.4 Language policies 

Language policies are not always included as variables in vitality metrics, but they do have both 
direct and indirect impacts on language vitality, through their disruption of intergenerational 
transmission and domains of use to their impact on language attitudes. Both the United States 
and Canada have implemented a number of policies that impact Indigenous communities, 
cultures, and languages. For example, the 1819 Civilization Fund Act in the United States was 
used as legal justification for missionary boarding schools that brutally enforced cultural 
assimilation and displacement of Native Americans from their lands, and in Canada the Indian 
Act of 1876 supported similar measures (McIvor & McCarty 2016). In both national settings, by 
the late nineteenth and early twentieth centuries, punitive, segregated schooling in English- or 
French medium residential schools became a primary tool for exerting federal linguistic and 
territorial control” (McIvor & McCarty 2016: 423). 

2.4.3 Critiques	of	language	vitality	metrics	

As previously noted, language vitality metrics can be helpful for illustrating trends but are not 
always accurate at the language level. In some cases, a language can be classified as “extinct” 
when it actually has speakers, as has been the case for languages like Miami undergoing 
reclamation (Leonard 2011)—although ELCat notably includes awakening languages and 
classifies them as such. Further, communities with arguably the most need for language grants 
have been denied access to funding for language programs specifically because their language 
was classified as extinct (Schwartz 2018).   
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To many, these challenges might suggest improvements that could be made with regard to the 
implementation and interpretation of existing vitality metrics. Others, such as Grenoble (2016), 
have drawn into question the need for language vitality metrics at all. Grenoble 2016 built upon 
arguments such as the problems with enumeration presented in Hill (2002), who stated that “to 
census is an important gesture of power” that is associated with colonial regimes and involves 
“essentialization and individualization of a language” (Hill 2002: 127). Davis (2017) followed 
with a critique of decontextualised enumeration in particular, which is largely what this 
dissertation attempts to address: “Decontextualised enumeration allows for the available numbers 
to appear randomised…. In reality, these numbers are embedded in particular (but interrelated) 
geographic, socio-economic, familial, and historical contexts” (Davis 2017). Grenoble 2016 also 
critiqued the LEI in particular for its omission of language attitudes as a factor included in the 
index. 

The decision to use language vitality metrics that classify languages based on their current status 
rather than their reasons for being endangered means that individuals or groups of people who 
are interested in doing language conservation work—be it documentation or revitalization—must 
seek or already have knowledge of information outside of what the vitality metric entails to 
guide them toward understanding the context of a given language’s vitality situation, which may 
inform the next most logical steps or action taken. For members of Indigenous communities, this 
may not be a major barrier, given that community members are already familiar with many of the 
contexts affecting their languages. There is currently no clear, standardized way for non-
Indigenous linguists, however, who come from outside of those communities and may wish to be 
involved in language activism but not know where to start, to learn about the contexts that are 
relevant for the language communities they wish to support. 

2.5	 LANGUAGE	VITALITY	SCIENCE	
While language endangerment has been much discussed in recent decades, there have been few 
attempts to formalize this concept in a way that would facilitate the study of the nature of 
language endangerment and its underlying causes. In 2017, Salikoko Mufwene called for a new 
science of language vitality, arguing for a stronger theoretical underpinning to contextualize 
language endangerment: “If we linguists hope to theorize about language endangerment and loss 
adequately, we must also understand the other side of the overall picture, viz. the maintenance 
and at times expansion of some varieties into major languages” (p. 202). Mufwene pointed to 
how those concerned with the plight of endangered species look to the field of macroecology to 
understand the environmental contexts that are conducive to healthy ecosystems and how 
changes in the environment, such as deforestation or climate change, lead to mass extinction and 
a loss in biodiversity. This suggests that we must have a detailed understanding of what is 
necessary for languages to thrive in order to fully understand endangerment.  

Mufwene also argued that studying the recent past, i.e., the time since the start of Western 
European settler colonialism, does not provide enough time depth to fully understand language 
vitality in its larger context. We need more information about past language shifts in order to 
understand the current language endangerment trend that has been underway over the last five 
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hundred years. “What linguistics has missed by not adopting the kind of broader comparative 
approach advocated here is the challenge of tough questions about what is different and what is 
similar across the range of these situations that have led to language shift” (Mufwene 2017: 211).  

Looking at differences in language ecologies in different parts of the world and how these are 
linked to endangerment may provide further context for understanding current trends. Although 
some of Mufwene’s assertions are controversial (cf. Fitzgerald 2017), there is merit to the 
argument that the development of a science of language vitality is overdue. Just as geographers, 
ecologists, and evolutionary biologists seek to understand the ecological conditions required for 
species to thrive, linguists could benefit from doing the same for languages and the people and 
cultures connected to them. The development of such a historically informed and ecologically 
contextual science of language vitality must by its very nature be interdisciplinary. Using tools 
and methods from the field of geography is one way to accomplish this. These will be discussed 
further in Section 2.7. 

2.6	 MODELING	LANGUAGE	VITALITY	
“Borrowing conceptually from Newton’s first law of motion, we can posit that languages tend to 
remain in motion – being transmitted to subsequent generations – unless an external force is 
applied to them” (Davis 2017). A model of language vitality, therefore, must account for the 
external forces that interrupt the normal flow of language transmission. Studies such as Amano 
et al. 2014 and Bromham et al. 2022 have attempted to model on a global scale both geographic 
predictors of language endangerment as well as extralinguistic factors that may be related to the 
disruption of intergenerational transmission. 

Amano et al. (2014) investigated the statistical correlations of multiple social and environmental 
variables (e.g., geographic range size, temperature seasonality, and country-level GDP) with 
what they call “language extinction risk” and tested whether IUCN species endangerment criteria 
could also be applied to languages. They found that languages with smaller geographic ranges 
(or land areas) tend to have faster speaker number declines, as do languages with fewer users. 
They also found that higher country-level GDP is associated with more rapid speaker number 
declines, particularly since the 1970s. The authors attribute this to “political and educational 
developments and globalized socioeconomic dynamics” (p. 8). Temperature seasonality was 
found to be correlated as well, with a sociological underpinning suggested as to its relationship 
with language endangerment: “language speaker declines in areas with high temperature 
seasonality may actually indicate the negative effect of the dominant English and Russian 
languages on other languages in these countries (Krauss 1992; Anderson 2011; Nettle & 
Romaine 2000), or more generally, that having a large land area within the same climate zone 
promotes the spread of dominating cultures (Laitin, Moortgat & Robinson 2012)” (p. 9). 

Bromham et al. (2022) also used quantitative methods and extralinguistic factors to model 
language endangerment using a global sample of 6,511 languages. Among the 51 predictor 
variables that they examined, they found higher road density and more average years of 
schooling to both be associated with increased endangerment. Critically, the average years of 
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schooling variable tended to reflect schooling in a dominant or majority language rather than 
education in the (typically Indigenous or minority) language under consideration.  

2.7	 APPLICATIONS	OF	GEOGRAPHIC	METHODS	IN	LANGUAGE	VITALITY	RESEARCH	
Renowned human geographer Yi-Fu Tuan defined geography as “the study of the earth as the 
home of people. Home is the key, unifying word for all the principal subdivisions of geography, 
because home, in the large sense, is physical, economic, psychological, and moral; it is the whole 
physical earth and a specific neighborhood; it is constraint and freedom—place, location, and 
space” (Tuan 1991). This foundational quote from Yi-Fu Tuan emphasizes the elements of 
geography that are often overlooked when the word is referenced by those outside of the field. 
For many, geography refers only to physical characteristics of landscape and perhaps climate of 
particular locations, but for geographers, it encapsulates every process that happens on or near 
the surface of the Earth, and particularly those that can be tied to—in the words of Tuan—“place, 
location, and space.” These can be geologic, bioecological, or human processes both “natural” 
and human-imposed. 

A common example of the usefulness of geography comes from the field of epidemiology. In the 
1850’s, an anesthesiologist named John Snow determined the source of a cholera outbreak in 
London by mapping the locations of affected individuals in relationship to water sources. While 
the cause of cholera was not known at the time, Snow suspected that it came from contaminated 
water and was able to show through a sequence of hypothesis testing, mapping, and record-
keeping, that a certain water pump (the Broad Street pump) was indeed a source of cholera. 
Epidemiologists have since used many of his techniques to determine the origins of disease 
outbreaks (Deputy Director for Public Health Science and Surveillance, Center for Surveillance, 
Epidemiology, and Laboratory Services, Division of Scientific Education and Professional 
Development 2012). His work relied critically on an understanding of how events are correlated 
in space and time, and modern scientists now have access to more advanced geospatial analysis 
tools to employ similar methods in a variety of fields, from urban and transportation planning to 
forest management and natural disaster risk assessment and response. 

Linguists have often looked to geography in studies of dialectology, historical linguistics, areal 
linguistics, and language contact, to provide context for the language varieties or features under 
consideration and to assist with the interpretation of observations. For example, similarities and 
differences between language varieties can often be explained by their proximity to one another, 
as in dialect chains, language areas, or linguistic diffusion. Sometimes, historical geographic 
relationships in the linguistic realm are theorized, assumed, or implied from modern data. For 
example, one approach to theorizing language family evolution is to propose a geographic origin 
of a proto-language and suggest mechanisms for language dispersal from that historical center 
(e.g., Blust 1984; Bouckaert et al. 2012; Sagart et al. 2019). Further, the study of areal linguistics 
is a testament to the fact that even languages that have no clear phylogenetic relationship with 
each other can share linguistic features as a result of their geographically proximate locations 
(e.g., Emeneau 1956; Campbell, Kaufman & Smith-Stark 1986).  
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2.7.1 Language	ecology	and	ecolinguistics	
The concept of language ecology has long been linked to geography in its highlighting the 
connection between a language and its surrounding environment: “In linguistic ecology, one 
begins not with a particular language but with a particular area, not with selective attention to a 
few languages but with comprehensive attention to all the languages in the area” (Voegelin & 
Voegelin 1964). Mühlhäusler (2000) evoked the language as species metaphor in his description 
of language ecology, or ecolinguistics: “Ecolinguistics shares the following characteristics with 
ecological approaches to a range of phenomena: considerations not just of system-internal factors 
but wider environmental considerations; awareness of the dangers of monoculturalism; 
awareness of the limitations of both natural and human resources; long-term vision; and 
awareness of those factors that make for the health of ecologies” (p. 306). Four strands of 
ecolinguistics were identified by Steffensen (2014), each capturing “different perspectives on the 
environment of language” (italics theirs): 

“- Language exists in a symbolic ecology: this approach investigates the co-existence of 
languages or ‘symbol systems’ within a given area.  
- Language exists in a natural ecology: this approach investigates how language relates to 
the biological and ecosystemic surroundings (topography, climate, fauna, flora, etc.).  
- Language exists in a sociocultural ecology: this approach investigates how language 
relates to the social and cultural forces that shape the conditions of speakers and speech 
communities.  
- Language exists in a cognitive ecology: this approach investigates how language is 
enabled by the dynamics between biological organisms and their environment, focusing 
on those cognitive capacities that give rise to organisms’ flexible, adaptive behaviour.” 

Within this framework, the current dissertation focuses primarily on natural and sociocultural 
ecological factors that may be related to language vitality, several of which are outlined in 
Section 2.7.4.  

2.7.2 Geographic	influences	on	language	diversity	
Geography has already been shown or theorized to be linked to linguistic diversity and language 
evolution in numerous ways (e.g., Nichols 1992; Mace & Pagel 1995; Nettle 1998; Currie & 
Mace 2009; Gavin & Sibanda 2012; Gavin et al. 2013; Gavin et al. 2017; Pacheco Coelho et al. 
2019; and Hua et al. 2019). Nichols’ (1992) theory describing spread zones and residual zones, 
for example, explains how certain geographic areas, called spread zones, are characterized by 
having low language density as a result of rapid historical spread of a single language or 
language family over the entire area, while other areas, called residual zones, are characterized 
by higher language density and more consistency in languages and language families over time. 
Spread zones typically involve larger, flatter, expanses of land, whereas residual zones are more 
likely to be mountainous, as in the canonical example of the Eurasian steppe and Caucasus 
mountains. This suggests that aspects of the physical geography of the land may influence the 
spread of languages along with populations that carry them. 
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Geography has also been thought to have an impact on language diversity through its connection 
with agriculture. Nettle 1998 demonstrated how climatic variability, which is geographically 
determined, could be a key factor influencing the distribution of language diversity. The causal 
explanation provided is that climatic variability directly influences the types of subsistence 
strategies that human groups develop, which in turn influence speaker population sizes and 
language densities in a given area: “Where the climate allows continuous food production 
throughout the year, small groups of people can be reliably self-sufficient and so populations 
fragment into many small languages. Where the variability of the climate is greater, the size of 
social network necessary for reliable subsistence is larger, and so languages tend to be more 
widespread” (Nettle 1998). 

2.7.3 Relationship	between	language	diversity	and	language	vitality	
At least in theory, the present-day distribution of languages has been shaped by historical 
language vitality trends. Nichols (1997) noted how “language spreads of all kinds cause 
extinction of languages previously in the area, usually through language shift.” This means that 
the vitality of any languages inhabiting an area at the time of language spread would have been 
threatened. Spread zones represent areas of historical language loss, whereas residual zones are 
areas with historically higher rates of language survivance. 

2.7.4 Geographic	factors	plausibly	related	to	language	vitality	
While abundant research has been conducted on the relationships between linguistic diversity 
and geography, less work has been done investigating geographic factors that may be related to 
language endangerment and vitality in the modern era. Previous research identifying geographic 
factors related to language endangerment (e.g., Turvey & Pettorelli 2014; Amano et al. 2014; 
Gao 2015; Anonby & Eberhard 2016; Bromham et al. 2022) has shown that geography is a 
relevant consideration and opened the door to asking further questions about geographic 
associations with language vitality in different parts of the world. In particular, Amano et al. 
(2014) and Bromham et al. (2022) demonstrated how quantitative methods can be used to test for 
the relevance of numerous geographic factors with regard to language endangerment on a global 
scale. 

For the purposes of the present dissertation, geographic factors can include physical, 
environmental, climatological, biogeographic, economic, sociopolitical, cultural, and ideological 
factors that are characteristic of a geographic region and typically considered external to current 
language vitality assessment metrics. These are factors that form the backdrop for a variety of 
social and biological processes including language shift. Examples of such regional geographic 
factors include the following: 

• Terrain 
• Climate 
• Land use practices 
• Local economy types 
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• Political context 
• Resource extraction history in the area 
• History of oppression, e.g., government policies involving displacement and forced 

assimilation 
• Colonial history and type, such as settler vs. trade, or colonial language 
• Domesticateable animals and other natural resources in the area       
• Susceptibility to natural disasters, such as drought, flood, or rising sea levels, and 

disease 

Additional cultural factors are those that are typically not included in language vitality 
assessment metrics but can be measured, at least coarsely, at the level of a single language or 
ethnolinguistic group. These factors may have geographic or phylogenetic underpinnings, or they 
may be unique to a given group of people in a particular area. The interrelatedness between 
languages, cultures, and their environment (Maffi 2005) and the relevance of cultural variables to 
language diversity (Nettle 1998; Diamond & Bellwood 2003; Currie & Mace 2009) suggest that 
cultural variables are often tightly linked to geographic, linguistic, and environmental ones. 
Some cultural factors that have theoretical bases for being influenced by geography include the 
following: 

• Subsistence strategies 
• Political structure 
• Religious beliefs 

There is reason to believe that some of these social factors that are linked to geography may be 
connected to language diversity and vitality as well. The Farming/Language Dispersal hypothesis 
(Renfrew 1987; Diamond & Bellwood 2003; Bellwood 2005), for example, states that a number 
of large language families owe their size and distribution to their agricultural origins. There are 
numerous other cultural variables, such kinship structures, gendered labor practices, 
technological innovations, and more nuanced considerations regarding subsistence practices, that 
are well documented for some languages in ethnographic literature/databases and could also be 
explored with regard to their relationship to language vitality.  

2.8	 FACTORS	TO	BE	EXAMINED	IN	THIS	DISSERTATION	
The following subsections of this chapter will explore motivations for the factors to be 
investigated in this dissertation for their relationship with language vitality. These include land 
size or geographic range (Section 2.8.1), elevation/terrain (section 2.8.2), agriculture and 
subsistence practices (Section 2.8.3), historical displacement (Section 2.8.4), accessibility 
(Section 2.8.5), and language revitalization efforts (Section 2.8.6). 
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2.8.1 Land	size	or	geographic	range	
Section 2.7.2 outlines some of the reasons why land size or geographic range may be connected 
to language vitality. Further, Amano et al. (2014) found in a global study that languages with 
smaller geographic ranges tend to have faster speaker number declines. Based on this finding, 
one might predict that languages that had historically larger land areas would have higher vitality 
levels today than do languages with smaller historical land areas. Including this factor in the 
analysis is a way to test whether this association applies to the historical context for Indigenous 
languages in North America specifically. 

2.8.2 Elevation/terrain	
Johanna Nichols’ theory regarding spread zones and residual zones suggests that geographic 
residual zones, which are areas with high language density and older language stocks, are often 
found in mountainous regions (Nichols 1992). In her description of the Caucasus as a canonical 
residual zone, Nichols stated that, “as in other mountain areas, innovations arise at the periphery 
(in the lowlands) and archaisms are found in the interior (in the highlands).” In such residual 
zones, both grammatical forms and language diversity tend to be preserved, and multilingualism 
is the norm. In fact, according to Nichols, “there is no single lingua franca for the entire 
Caucasus.” In contrast, on the Eurasian steppe (a canonical spread zone), “whichever language 
spread westward was the language of the political, cultural, and military elite and hence 
functioned as a lingua franca for most of the steppe” (p. 16). 

Amano et al. (2014) identified the Himalayas as one of the three top geographic regions where 
endangered languages consist of a high proportion of the languages in the region. The pilot study 
for this dissertation found that, at a global scale, elevation is correlated with language vitality, in 
that communities located at higher elevations tend to be less endangered than average (Helgeson 
& Holton, in preparation). One reason for this could be that language communities in 
mountainous regions may be more difficult to access and therefore more protected against 
external cultural and political influences. Looking at this variable in the North American context 
will help determine whether an elevation measure used as a proxy for mountainous terrain is a 
relevant factor here. 

2.8.3 Agriculture	and	subsistence	practices	
Preliminary studies suggest that there may be a connection between agriculture or subsistence 
practices and present-day language vitality and endangerment trends. For example, in an analysis 
of 51 predictive variables, Bromham et al. 2022 found that “in Africa, language endangerment is 
associated with greater areas of pasture or croplands, potentially reflecting language shift 
associated with subsistence change.” The Farming/Language Dispersal hypothesis previously 
mentioned in Section 2.7.4 also supports an association between agriculture and regionally 
dominant languages, which are languages that have higher vitality, usually at the expense of 
others. The pilot study for this dissertation found a global correlation between agriculture type 
and language endangerment in that ethnolinguistic groups that were described as previously 
having a “complete absence of agriculture” are more likely to have their languages be more 
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endangered (Helgeson & Holton, in preparation). The current study investigates the extent to 
which such relationships apply to Indigenous groups in North America. 

2.8.4 Historical	displacement	

European settler colonialism has had a massively negative impact on language vitality for 
Indigenous communities in the United States and Canada. Many of the Indigenous populations in 
these countries have been displaced and removed from their heritage lands during processes 
involved with European colonization and later, U.S. American and Canadian expansion. Also 
during this process, various tribal groups fought with each other, and some joined forces with 
colonial governments, sometimes for their own benefit at the expense of their neighbors. Other 
times, the colonial government broke treaties and agreements that Indigenous groups entered into 
thinking that more peaceful and equitable solutions would be found. As a result of this history, 
tribal land sizes were either reduced or completely eliminated. As human societies develop in 
connection with the land that they inhabit (see Section 2.2.3), this type of forced removal, 
sometimes to geographic locations with completely different and taxing environmental 
conditions, disconnects people from their legacies involving land-based knowledge systems and 
drastically alters the circumstances for survival. 

2.8.5 Accessibility	
Accessibility is a functionally-related geographic concept that encompasses the ease and/or 
speed with which a person or group of people can travel to one place from another. Accessibility 
can theoretically be measured or approximated in a number of ways. Examples include road 
density (e.g., Bromham et al. 2022), travel time or distance (e.g., Skirgård 2021), and 
categorically via mode(s) of access and travel conditions (e.g., Gao 2015). 

It has been suggested that the presence or absence of roads in or near Indigenous language 
communities may influence language retention (Treuer 2008; Gao 2015). In a radio interview in 
2008, Ojibwe author David Treuer commented on the significance of geography, and particularly 
accessibility, with regard to Ojibwe language preservation: “I think what Ojibwe had in its favor, 
mostly, was geography. That until very recently, our communities… particularly in Ontario and 
Manitoba, were incredibly hard to get to.… Isolation helps, and there are reserves in Canada that 
you can only get to by float plane…. Ojibwe reserves that aren’t accessible by roads. There are 
no roads! Still, to this day, and everyone from the smallest child to the oldest adult speaks 
Ojibwe. And it’s because these places are remote. It helps…. geography helps.” 

Gao 2015 found through a three-level categorization scheme that accessibility via road networks 
has an influence on vitality of the Miqie language in Yunnan, China. She summarized this in the 
following way: “Village accessibility to a main road is key to a village’s economic 
development…. When villagers can access the market town, they can buy and sell goods much 
more easily, children can have better opportunities in school, and there are more opportunities 
for contact with other groups, including potential business partners and eligible spouses. These 
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factors are, unfortunately, also reasons that Miqie language use is shifting to Chinese, as 
speaking fluent Chinese has clear economic advantage over speaking Miqie” (Gao 2015, p. 181). 

2.8.6 Language	revitalization	
The final factor to be included as a predictive variable for language vitality in the models used in 
this dissertation is language revitalization. This is a more social variable not directly related to 
geography, although regional and national policies and funding opportunities have influenced the 
availability of resources for revitalization activities. Revitalization efforts can include bilingual 
education, language immersion schools, summer school and after school programs, college-level 
language classes, the creation of dictionaries and language-learning materials, Breath of Life 
workshops, and master-apprentice programs, to name a few examples. Every effort at language 
revitalization, reclamation, and/or maintenance in the North American context can be seen as a 
type of intervention against external forces that promote language and cultural suppression and 
therefore are important to include in predictive models, as they are intended to change the 
direction of language endangerment trends. 
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CHAPTER	3. DATA	SOURCES	AND	VARIABLE	MEASUREMENT	
The primary goal of this dissertation is to develop a model of language vitality in North America 
based on a combination of geographic, environmental, social, and historical factors. A secondary 
goal is to establish a framework that can be adapted to model patterns of language vitality 
elsewhere in the world. In developing the model, I have selected factors that have been 
previously shown to have a plausible influence on language vitality or that may serve as proxies 
for or approximations of such plausibly influential factors. These are elevation, geographic range 
(or land area), subsistence strategy, accessibility, historical displacement, and language 
revitalization efforts. 

This chapter describes the data sources and methods used to measure the factors chosen for this 
dissertation. The complete dataset is available at 10.5281/zenodo.6982148. Data come from a 
combination of sources, including existing datasets designed for cross-cultural research, 
geospatial information resources, and two new datasets created for this dissertation project. 
Section 3.1 defines the scope of the project. Section 3.2 lists the factors chosen and describes 
how they were measured as variables. Section 3.3 describes databases that were newly created 
for this dissertation. Section 3.4 discusses other data sources consulted. Finally, Section 3.5 
presents an initial exploration of the data for all seven variables. 

3.1	 SCOPE	OF	PROJECT	
The geographic scope of the project is described in Section 3.1.1. The unit of analysis is the 
language. To facilitate the analysis, a language sample with corresponding ISO 639-3 codes was 
created before embarking on the research project. This master language list is described in 
Section 3.1.2 and provided in Appendix A. 

3.1.1 Geographic	scope	
The scope of this project is confined to Indigenous, spoken languages within the geographic 
range of North America, which for the purposes of this project is defined as all of the land area 
of the North American continent north of the current US-Mexico border. (This excludes the 
islands of Hawaiʻi and Greenland). One reason for the decision to focus on the continental US 
and Canada is that the data available for the continental US and Canada are more consistently 
reliable for these two countries than for Mexico and Central America. Another reason is that 
recent historical, sociopolitical, and economic drivers of language shift are likely to be more 
similar for the US and Canada than farther south, reducing the number of factors that need to be 
considered when interpreting the model results. 

3.1.2 Master	language	list	

The master language list was derived from Haynie and Gavin’s (2019) language area polygons 
for North American languages (see Section 3.2.1), with languages uniquely identified by their 
ISO 639-3 codes. ISO 639-3 codes are three-character identifiers commonly used to differentiate 



 

 
31 

languages. They are similar to Glottocodes, which are the alphanumeric identifiers used in the 
Glottolog database and related materials, and often can be mapped onto them (and vice versa); 
however, Glottocodes also include unique alphanumeric identifiers for language families, which 
are broader classifications, and dialects, which are narrower subgroupings. For example, the 
Algonquin language has an ISO 639-3 code of [alq] and a Glottocode of algo1255, while the two 
dialects of Algonquin have Glottocodes mini1254 for Nipissing and nort3290 for Northern 
Algonquin. The larger-level family subgroupings all have Glottocodes, such as seve1242 for 
Severn-Algonquin, which includes Algonquin and Severn Ojibwa (Glottocode: seve1240, ISO 
639-3: [ojs]; Hammarström et al. 2022). It should be noted that not all experts are in agreement 
as to what constitutes a language versus a dialect in many cases, and some sources, such as the 
Catalogue of Endangered Languages (ELCat), tend to group multiple language varieties (with 
different ISO codes) together into a single language, whereas others may list language varieties 
that are more ambiguously differentiated, such as those which are part of a dialect chain, as 
separate entities. The reason for using the dataset from Haynie and Gavin (2019) as a starting 
point for the master language list was twofold: to facilitate clipping based on geographic 
boundaries, and to represent languages that were present at the earliest time of European contact 
in written records.  

The process for deriving the master language list from the historical language area polygons is as 
follows: an intersection join, which creates a new layer using areas of overlap between two 
existing layers, was conducted in QGIS (QGIS Development Team 2018) between the historical 
language areas and a basemap layer for the US and Canada (Natural Earth 2018). In practice, this 
means that languages with historical areas that overlap with the modern-day continental United 
States and Canada were included, and those outside of this geographic region were excluded. 
This intersected layer was then exported as a CSV file, which can be more easily read by other 
programs such as R. The Hawaiian language was removed from the list, as it is not Indigenous to 
North America. Duplicate ISO codes were also removed, as were languages with no ISO codes 
listed. At the end of this process, there were 260 languages remaining. The master language list 
is provided for reference in Appendix A. 

3.2	 FACTORS	AND	VARIABLES	
One way to determine variables to be included in a model of language vitality would be to list all 
of the possibly relevant factors, determine how to parameterize them as variables, evaluate the 
variables for correlations with each other and with the dependent measure, and then use this 
information to make inferences about causal pathways between all of the interrelated variables, 
for example using structural equation modeling. However, due to the time and human resource 
constraints of this dissertation, it was not possible to accomplish all of this in a single project. 
Instead, multiple factors were assessed based on preliminary information about their possible 
correlations with language vitality from previous studies and logical inference, ways in which the 
factors might be parameterized, and data available to support variable coding. Among these, six 
factors were chosen to represent a broad swath of historical, geographic, and cultural factors as 
well as more recent interventional strategies. A table with the six factors chosen and their 
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categories is presented in Table 3.1. Note that different variables represent different time periods. 
The implications of this are discussed further in Section 5.4. 

Table 3.1 Factors to be explored for their relationship to language vitality, factor categories, and 
the variables chosen to measure each factor. 
Factor	 Factor	category	 Variable	 Section	
Land	size	 Historical,	

environmental,	cultural,	
geographic	

Land	area	at	time	of	European	contact	(late	
1500’s	to	early	1900’s)	

3.2.1	

Elevation	 Physical	geographic,	
historical	

Elevation	range	within	each	historical	language	
area	(late	1500’s	to	early	1900’s)	

3.2.2	

Subsistence	
strategy	

Cultural,	environmental,	
historical	

Subsistence	strategy	at	time	of	earliest	
ethnographic	observation	(1560-1950)	

3.2.3	

Land	rights	 Historical,	political	
geographic	

Historical	displacement	(between	late	1700’s	
to	2010)	

3.2.4	

Accessibility	via	
road	networks	

Functional	geographic	 Highway	density/presence	in	government-
recognized	Native	lands	(2010)	

3.2.5	

Language	
revitalization	
efforts	

Cultural,	interventional	 Language	revitalization	efforts	(as	of	2021)	 3.2.6	

Since much of North America’s declining Indigenous language vitality is due to colonial 
influences, and European colonialism has massively shifted ways of life and access to traditional 
land for Indigenous peoples, four of the variables included are meant to at least partly reflect 
historical conditions. These are land area at time of European contact, elevation range within 
historical land area, subsistence strategy at time of earliest ethnographic observation, and 
historical displacement. Including historical perspectives may help to reflect the ways in which 
prior situations interacted with colonial forces and how Indigenous cultures have continued to 
pass down cultural knowledge despite these monumental challenges. The additional two 
variables are highway density or presence in government-recognized Native land areas, which is 
a modern-day geographic variable, and language revitalization efforts, another modern-day 
cultural variable that reflects direct interventional measures. 

This section describes the existing data sources that were used in this study to create predictor 
variables for modeling language vitality. These include data on: historical land area (Section 
3.2.1), geophysical elevation (Section 3.2.2), historical subsistence strategies (Section 3.2.3), 
data on tribal boundaries (Section 3.2.4), and road transportation networks (Section 3.2.5). 
Finally, data sources for language vitality metrics are discussed in Section 3.2.6. A 
corresponding list of factors and the variables used to measure the factors can be seen in Table 
3.1, and an infographic of data sources used to measure each variable is presented in Figure 3.1. 
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Figure 3.1 Variables and data sources used in the dissertation. 

3.2.1 Land	size	
The first factor to be explored for its correlation with language vitality is land size. This is 
represented by a variable that is measured in terms of the area of land (in square degrees) 
inhabited by speakers of each language at the time of first European contact. Data for this 
variable came from a comprehensive set of digitized language area polygons representing 
researchers’ best approximations of the geographic ranges of 449 North American Indigenous 
languages at the time of European contact (Haynie & Gavin 2019; see Figure 3.2). The 
information draws from a variety of already-published works on the geographic ranges of 
various North American ethnolinguistic groups. 

3.2.1.1 Data source 

Hannah Haynie and Michael Gavin (2019) created a comprehensive set of digitized language 
area polygons representing best estimates, based on extensive evaluation of historical maps, of 
the geographic ranges of 449 North American languages at the time of European contact, which 
varies based on the geographic region for dates between the late 1700’s to the early 1900’s. 
While the authors acknowledge the complexities of multilingualism within speakers and 
geographic regions, their dataset includes no overlapping boundaries between language areas. 
Instead, in their dataset, language area boundaries push up against each other, representing a 
theoretical approximation of where boundaries would be if lines were drawn. The authors state 
that “polygons are an abstraction that… cannot capture the complexities of language contact, 
bilingualism, and shared land use. We follow the majority tradition in North American language 
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range mapping by treating language ranges as non-overlapping” (Haynie & Gavin 2019). This 
issue is discussed further in Section 5.1.1.2. In spite of these issues, this dataset remains the best 
available source for language boundaries in North America and is in keeping with the tradition of 
language maps that simplify boundaries. The authors also acknowledge that future iterations of 
this dataset could improve upon this method in attempt to capture such complexities. These 
language area polygons, generously shared by the authors for use in this dissertation, are each 
linked to a Glottocode so that they can be integrated with other related datasets that use 
Glottocodes, such as D-PLACE and Glottolog. 

3.2.1.2 Variable measurement 

Measurements for this variable come directly from the attribute table for the shapefile layer. For 
language areas that are intersected by the U.S.-Mexico border, area measurements recorded 
represent the entirety of each shapefile, including the region across the border, and thereby 
accurately representing the extent of the geographic range for each of these languages at the time 
of European contact, before external borders were imposed. As the time of European contact 
varies depending on the geographic region, the polygons in this dataset represent a variety of 
time periods starting in the late 1500’s. The dataset has not yet been released publicly; however, 
Haynie & Gavin 2019 documents the process involved in its creation and provides a detailed 
print map of the language area polygons. 
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Figure 3.2 Haynie and Gavin’s (2019) North American languages polygon dataset clipped to the 
geographic region of interest in this dissertation (within modern-day continental U.S. and 
Canadian national borders). 

3.2.1.3 Data processing 

Very little additional processing needed to be done for this variable, as the Haynie and Gavin 
(2019) dataset already had land area measurements corresponding to ISO codes. However, a few 
of the ISO codes had multiple neighboring polygons associated with them, in which case the land 
area measurements were added together to create the version of this database that has one line 
per ISO code, corresponding to the master language list. 

3.2.2 Elevation	
The second factor explored in the dissertation for its relationship to language vitality is elevation. 
This is represented by a variable that is measured in terms of elevation range of language areas at 
the time of European contact. The advantage of measuring elevation in terms of its range rather 
than an elevation average or the elevation at a particular point (i.e., a centroid) is that there can 
be high-elevation locations that are relatively flat, and this would not reflect the presence or 
absence of mountains or other kinds of steep/rugged terrain in the local environment. Part of the 
motivation for considering elevation to be a potentially relevant factor is that it is reflective of 
people living in mountainous regions, and it is the effect of mountains and other kinds of 
difficult-to-navigate terrain rather than elevation itself that is relevant. The reason for measuring 
elevation range at the time of European contact rather than closer to the present is that many 
languages were lost to European colonialism in North America, and accessibility to communities 
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due in part to terrain may have been a relevant factor at that time. It may be less relevant now, 
and this could be tested in a separate study, since people have access to cars and roads, making 
difficult-to-navigate terrain potentially less of an impediment to colonial or external cultural and 
political influence. 

3.2.2.1 Data source 

Elevation data were drawn from the USGS Global Multi-resolution Terrain Elevation Data 2010 
(GMTED2010), which is a global digital elevation model (Danielson & Gesch 2011). A digital 
elevation model (DEM) is a type of geo-encoded raster image file that can be used to obtain 
elevation information for other layers of data within the same geographic region. This source, the 
GMTED2010, provides global, multi-resolution, digital elevation data that can be read into a 
geographic information system (GIS). The 30 arc-seconds mean sample product was chosen for 
this project. 

3.2.2.2 Variable measurement 

The Zonal Statistics algorithm in QGIS was used to intersect the elevation layer with a polygon 
layer representing language boundaries at the time of first contact with Europeans (Haynie & 
Gavin 2019) to obtain the elevation range of each language polygon. Maximum and minimum 
elevations within each language area were also obtained using Zonal Statistics, and further 
calculations were performed in a CSV editor using an exported attribute table from this 
intersection layer to determine the accurate elevation ranges for the few ISO codes that were 
represented as two neighboring polygons in the language areas polygon layer. A map of the two 
layers used to create this variable can be seen in Figure 3.3. 
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Figure 3.3 Haynie and Gavin’s (2019) North American languages polygon dataset for ISO codes 
on the master language list with USGS 3DEP Bare Earth Digital Elevation Model (DEM). 

3.2.2.3 Data processing 

Elevation range was measured using the Zonal Statistics function in QGIS. The original data 
download (for the DEM) was too high of a resolution to get Zonal Statistics data in the needed 
time frame, so a lower resolution version of the elevation data was downloaded and used instead. 
Then, the lower resolution DEM was used as the raster layer for obtaining elevation range 
measurements within each language area polygon from the Haynie and Gavin (2019) data. 

Elevation ranges were obtained for the entirety of the land areas for each ISO code. So, for 
example, languages at the modern US-Mexico border had Zonal Statistics performed across the 
entire language area, crossing the border (or irrespective of modern-day borders). Also, there 
were a few ISO codes that had two neighboring land areas associated with them in the Haynie 
and Gavin dataset. For these, Zonal Statistics was also performed to obtain minimum and 
maximum values within each polygon, and then these were visually inspected in the CSV file 
that was exported from the attribute table to determine the absolute maximum and minimum 
elevation within each language area, and a simple subtraction measure was performed on these 
values to obtain one, more accurate measure of elevation range within each language area. 

3.2.3 Subsistence	strategy	
The third factor to be explored for its relationship with language vitality is subsistence strategy 
practices. This is represented by a categorical variable based on ethnographic observations made 
primarily in the 19th and early-mid 20th centuries, with a few observations dating back to between 
the years 1560 and 1800. It should be noted that these ethnographic records do not necessarily 
reflect longstanding subsistence strategy traditions within these Native communities, as the 
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spread of disease following the time of first European contact with the continent in 1492 led to 
widespread decimation of Native populations that drastically influenced people’s ways of life 
(Denevan 1992). For this variable to come closer to approximating pre-European Native means 
of subsistence, the data would need to reflect the time period leading up to 1492; however, such 
data was not readily available for the purposes of this dissertation.  

The categories used as levels for this predictor variable are Hunting, Gathering, Fishing, 
Agriculture, and Mixed. Helgeson & Holton (in preparation) found that agriculture type as coded 
in the Ethnographic Atlas, one of the ethnographic data sets drawn from for this variable 
measure, was a statistically significant predictor of language endangerment on a global scale. 
However, this measurement lumped together all non-agricultural subsistence strategies into a 
single category, and these made up a large proportion of the data points in North America, and in 
western North America in particular. In the datasets used for this dissertation, approximately 
equal numbers of ethnolinguistic groups are documented as having practiced agriculture (32), 
hunting (45), gathering (28), and fishing (57) as primary means of subsistence. Therefore, 
differentiating between subsistence strategies in this manner allows for a relatively even 
distribution of data points across most category levels (although only nine ethnolinguistic groups 
fall into the “Mixed” level). This categorization scheme also allows for the model to clarify 
whether there may be a difference between hunting, gathering, and fishing populations in 
relationship to language vitality in addition to modeling the impact of agriculture. Further 
descriptions of the data sources and variable measurement are provided in Sections 3.2.3.1 and 
3.2.3.2. 

3.2.3.1 Data sources 

Data for this variable will come from two of the datasets included in D-PLACE (Kirby et al. 
2016): the Ethnographic Atlas (Murdock 1962-71; Barry 1980; Gray 1999; Korotayev et al. 
2004; Bondarenko et al. 2005) and the Binford Hunter-Gatherer database (Binford 2001; Binford 
& Johnson 2006). The Ethnographic Atlas contains data on 1291 societies representing every 
continent (apart from Antarctica) and a number of islands, with a higher proportion of societies 
in North America and Africa than in other major geographic regions. The cultural features 
included are based on ethnographic observations recorded at different times for different 
societies and later coded by the various Ethnographic Atlas authors, with 94% of the original 
documentation occurring at a point in time between 1800 and 1950 (Kirby et al. 2016: 6). 
Cultural features were coded in the Ethnographic Atlas based on these earlier ethnographic 
descriptions. The Binford Hunter-Gatherer database similarly provides ethnographic information 
on 339 well-described hunter-gatherer groups, primarily in North America and Australia. 

3.2.3.2 Variable measurement 

These two datasets were combined to obtain information on subsistence strategies for 183 
ethnolinguistic groups. Table 3.2 and Table 3.3 show overviews of the subsistence strategy data 
drawn from the Binford Hunter-Gatherer database and the Ethnographic Atlas, respectively, to 
create a composite measure. While it is possible for more than one type of subsistence strategy to 
be practiced among speakers of the same language, only one subsistence category was applied to 



 

 
39 

each language for the purposes of this analysis. Table 3.4 presents the coding categories used in 
combining data from the Binford Hunter-Gatherer database and the Ethnographic Atlas and the 
mapping between them. 

Table 3.2 Subsistence data from the Binford Hunter-Gatherer database. 
Code	 Description	 Key	 Observations	
1	 Majority	of	a	group's	nutritional	intake	

comes	from	terrestrial	animal	resources	
Hunting	 69	

2	 Majority	of	a	group's	nutritional	intake	
comes	from	terrestrial	plant	resources	

Gathering	 55	

3	 Majority	of	a	group's	nutritional	intake	
comes	from	aquatic	resources	

Fishing	(aquatic)	 81	

NA	 Missing	data	 Missing	data	 0	
	 Total	 	 205	

 
Table 3.3 Subsistence data from the Ethnographic Atlas. 

Code	 Description	 Key	 Observations	
1	 Gathering	contributes	most	 Gathering	 70	
2	 Fishing	contributes	most	 Fishing	 70	
3	 Hunting	contributes	most	 Hunting	 59	
4	 Pastoralism	contributes	most	 Pastoralism	 0	
5	 Casual	agriculture	contributes	most	 Casual	agriculture	 0	
6	 Extensive	agriculture	contributes	most	 Extensive	agriculture	 14	
7	 Intensive	agriculture	contributes	most	 Intensive	agriculture	 24	
8	 Two	or	more	sources	contribute	equally	 Two	or	more	sources	 12	
9	 Agriculture	contributes	most,	type	unknown	 Agriculture,	type	unknown	 5	
NA	 Missing	data	 Missing	data	 1	

 

Table 3.4 Subsistence strategy coding categories used in the dissertation. 

Code	 Description	 Key	 Binford	code	 EA	code(s)	
1	 Hunting	contributes	most	 Hunting	 1	 3	
2	 Gathering	contributes	most	 Gathering	 2	 1	
3	 Fishing	contributes	most	 Fishing	 3	 2	
4	 Agriculture	contributes	most	 Agriculture	 NA	 6,7,9	
5	 Two	or	more	sources	contribute	equally	 Mixed	 NA	 8	
NA	 Missing	data	 Missing	data	 NA	 NA	(Missing)	

Each of these data sources contains more observations than there are languages in the dataset. 
This is because some languages had multiple observations made about them at different times or 
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in different communities, or sometimes both. In addition to their names, the communities are 
identified in the database by Glottocode, which in many cases identifies a dialect or language 
variety. When these map onto ISO codes, fewer ethnolinguistic groups are counted. Since the 
dependent variable is measured at the language level, all Glottocodes were converted into ISO 
codes. 

In cases where there are more than one entry for the same ethnolinguistic group (based on 
matching ISO codes) within the same database, data from the earliest recorded date of 
observation were selected for that ISO code in attempt to represent more closely what the 
subsistence strategy may have been like historically. The two databases also share many 
ethnolinguistic groups in common. There are additional language varieties contained within the 
databases that were excluded from these counts because they lack ISO code information. In cases 
where there were multiple observations for each language across different databases, Binford 
data was given priority because it focuses on hunter-gatherers and is therefore likely to have 
more precise information about their subsistence practices. The Ethnographic Atlas was used for 
data points not contained within the Binford Hunter-Gatherer database. 

3.2.3.3 Data processing 

In order to select only the ethnographic observations for subsistence strategy in the geographic 
region of interest, an intersection join was performed in QGIS between a polygon layer 
representing the continental U.S. and Canada and a point layer derived from the latitude and 
longitude coordinates contained in D-PLACE marking the location of each ethnographic 
observation for both the Binford and EA datasets. These layers were saved as shapefiles and the 
attribute tables exported as CSV files. Then, they were combined into a single database with 
separate columns for each of these two data sources. This file took the format of one row per 
ethnographic observation. There were a total of 750 rows. Among them, there were many 
duplicate ISO codes. To then collapse this new database into the format of one row per ISO 
code, the database was sorted by ISO code, and then selections were made according to the 
criteria presented in Section 3.2.3.2. A new, smaller database was created from this containing 
183 lines, one for each language represented by one or more ethnographic observations, and 
columns for the ISO code, aggregate subsistence strategy category, data source (Ethnographic 
Atlas or the Binford Hunter-Gatherer dataset) and year of ethnographic observation for the 
subsistence strategy coding. A geographic data visualization of the geographic distribution of 
subsistence strategies across languages in the data set is shown in Figure 3.4. 
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Figure 3.4 Geographic data visualization of historical subsistence strategies for cultural groups 
identified by ISO 639-3 language code for languages native to the continental U.S. and Canada. 

3.2.4 Land	rights	
The fourth factor to be explored for its relationship with language vitality is land rights and, in 
this case, historical displacement, in the continental U.S. The reason for exploring this factor 
only in the continental U.S. is that there was too much data available for both the U.S. and 
Canada to process both in the manner described in Section 3.3.1 within the time frame of the 
dissertation, and the data source for government-recognized Native land areas in the continental 
U.S. had fewer data points in it than the Canadian one (fewer than 1000 rather than over 3000). 
This factor is measured using a categorical variable with four levels: 

0- No government-recognized land area 
1- Land area exists, but outside of historical area (e.g., Trail of Tears) 
2- Land area exists within historical area 
3- Land area exists both within and outside of historical area 

Measuring land rights this way is a simplistic approach to capturing some of the historical and 
contemporary land-related issues facing Indigenous communities and the relationship that these 
may have with language vitality. 

3.2.4.1 Data source 

Data on modern-day tribal land areas came from the American Indian/Alaska Native/Native 
Hawaiian (AIANNH) Areas Shapefile, derived from the Master Address File/Topologically 
Integrated Geographic Encoding and Referencing (MAF/TIGER) Database (MTDB). This is a 
GIS-ready shapefile (polygon layer) that can be downloaded for free from data.gov. It represents 
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the US government-recognized geographic boundaries of Indigenous land areas and “includes 
the following legal entities: federally recognized American Indian reservations and off-
reservation trust land areas, state-recognized American Indian reservations, and Hawaiian home 
lands (HHLs). The statistical entities included are Alaska Native village statistical areas 
(ANVSAs), Oklahoma tribal statistical areas (OTSAs), tribal designated statistical areas 
(TDSAs), and state designated tribal statistical areas (SDTSAs). Joint use areas are also included 
in this shapefile refer to areas that are administered jointly and/or claimed by two or more 
American Indian tribes” (United States Census Bureau 2017). This version of the dataset is based 
on information gathered during the 2010 US Census and can be seen in Figure 3.5 and in Figure 
3.6. Any missing or incomplete information is an artifact of the U.S. Census shapefile data and in 
no way reflects the author’s opinion on land claims for any tribe, nation, or cultural group. 

Figure	3.5	United	States	Census	Bureau	2017	TIGER/Line	Shapefile,	American	Indian/Alaska	
Native/Native	Hawaiian	Areas	National	(AIANNH).	
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Figure 3.6 United States Census Bureau 2017 TIGER/Line Shapefile, American Indian/Alaska 
Native/Native Hawaiian Areas National (AIANNH), zoomed in on continental Alaska. 

3.2.4.2 Data processing and variable measurement 

The input for this variable came from two data sources: Version 2 of the AIANNH shapefile 
database that I modified to include language information (see Table 3.6 in Section 3.3.1.6), and 
Haynie and Gavin’s (2019) North American language areas at the time of European contact, 
described in Section 3.2.1. In QGIS, an intersection join was performed between the North 
American language area polygons and a long format version of the modified AIANNH database 
(with one column for language information, and repeat rows for land areas that are associated 
with multiple languages) that was created using an R script described in Section 3.3.1.6. Rather 
than completing the entire R script, this long format version of the data was exported partway 
through the script. This had 1294 lines. 

The spreadsheet was then arranged in Microsoft Excel to show one column for ISO codes from 
the Haynie and Gavin data and one column for ISO codes from the reservations database, and 
these were sorted to display the ISO codes in the first column in alphabetical order, and the ISO 
codes in the second column in alphabetical order secondarily. Then, the rows were visually 
inspected one-by-one for matching ISO codes, which represents the presence of a modern-day 
government-recognized land area within the geographic region indicated by Haynie and Gavin as 
encompassing the historical range of that language. These were highlighted and double-checked 
for accuracy. In a separate spreadsheet containing the master language list, languages were coded 
as having a “1” for presence and “0” for absence of a government-recognized land area within a 
historical language area. 

Languages that have modern-day government-recognized land areas outside of the historical land 
areas could be identified in the same Excel spreadsheet by the absence of highlighting in the 
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second column, and this was coded in its own column in the separate spreadsheet. This 
spreadsheet, then, contained two main columns: land_outside, and land_within. These were used 
to create a single categorical measure in a third column. Languages with 1s in both columns were 
coded as having land area both within and outside of the historical region, and languages with 0s 
in both columns were coded as having no present-day government-recognized land areas. 
Languages with a 1 and a 0 were coded as having either government-recognized land only within 
or outside of the historical area as indicated by the binary measures. 

3.2.5 Accessibility	via	road	networks	
The fifth factor to be explored for its relationship to language vitality was accessibility via road 
transportation networks in the early 21st century. Two related variables in particular were tested: 
highway density in U.S. government-recognized Native land areas, and highway presence in the 
same land areas. These variables were chosen because highways are likely to be more 
representative of accessibility to and from outside communities than are smaller, local roads, 
which may actually facilitate more connection within communities (Torsha Bhattacharya, 
personal communication, 2021). Initially, highway density was intended to be the variable used 
to represent this factor; however, a minority of land areas had highways in them, suggesting that 
a binary measure such as highway presence could be a preferable measurement. This is discussed 
further in Section 3.5.5. 

3.2.5.1 Data source 

The Global Roads Open Access Data Set (gROADS), v1 (1980 – 2010) was used to measure both 
highway density and highway presence. This data set, gROADS is a global roads database from 
the Socioeconomic Data and Applications Center (SEDAC) made “to provide an open access, 
well documented global data set of roads between settlements using a consistent data model 
(UNSDI-T v.2) which is, to the extent possible, topologically integrated” (Center for 
International Earth Science Information Network - CIESIN - Columbia University, and 
Information Technology Outreach Services - ITOS - University of Georgia 2013). “The data set 
combines the best available public domain roads data by country,” and the primary source of 
data for the United States was the US Geological Survey (Center for International Earth Science 
Information Network (CIESIN) 2013). This data set differentiates between road feature classes, 
which includes highways, primary roads, secondary roads, tertiary roads, local/urban roads, 
trails, private roads, and unspecified road types. The roads layer can be seen superimposed on the 
U.S. Native land areas data in Figure 3.7. 
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Figure 3.7 Roads layer superimposed on Figure 3.5. Global Roads Open Access Data Set 
(gROADS), v1 (1980 – 2010), Center for International Earth Science Information Network - 
CIESIN - Columbia University, and Information Technology Outreach Services - ITOS - 
University of Georgia 2013. 

3.2.5.2 Data processing and variable measurement 

In QGIS, an intersection join was performed between the gROADS layer and the version of the 
reservations database before it was transformed into the format of one line per language (called 
Database Version 1 in Table 3.6). Then, the Field Calculator was used in the attribute table for 
this new layer to calculate the total length of each highway (FCLASS 1) segment within Native 
land areas. This attribute table was exported as a CSV file and transformed into the format of one 
ISO code per language, simultaneously summing up highway length values across ISO code. The 
land areas were separately summed at the level of ISO code, allowing for the following highway 
density measure: cumulative length of highways divided by sum total of land area for each 
language. A new column was created for this value. The highway presence measurement was 
derived from the highway density measurement in the following way: languages that had 
highway density measurements of 0 were coded as “no,” and those with highway density 
measurements of any positive, non-zero value were coded as “yes.” A new CSV file was created 
containing only ISO codes, highway density measurements, and yes/no binary coding for the 
highway presence variable. This is the data set referred to as Database Version 3 (Highway 
Density and Highway Presence) in Table 3.6. 
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3.2.6 Language	revitalization	efforts	
The final factor to be tested for its relationship to language vitality is language revitalization 
efforts. Language and cultural revitalization programs can be seen as interventional strategies 
aimed at enhancing language vitality for a given language despite external pressures toward 
language shift. They can take the form of full or partial language immersion schools for children, 
adult-directed language education programs, second or dual language educational programs in 
schools, intentional language and cultural revitalization efforts in the home or at the community 
level, etc. In general, language policy changes are not considered a type of language 
revitalization effort, although language policies can impact and promote language retention, 
reclamation, and/or revitalization. 

For the purposes of this dissertation, the language revitalization efforts variable is coded as a 
categorical predictor with four levels based on information acquired from Internet searches as 
described in Section 3.3.2: 

0 – No evidence of language revitalization programs 
1 – Evidence of community-driven language revitalization efforts 
2 – Presence of L2-type educational program(s) for children 
3 – Presence of one or more immersion school(s) for children 

While there are many more types of language revitalization efforts, particularly within what is 
coded here as “1 – Evidence of community-driven language revitalization efforts,” only these 
four levels were chosen for this study in an effort to discriminate between targeted L1-type child-
directed language education (level “3 – Presence of one or more immersion school(s) for 
children”), which is considered a gold standard for language revitalization, L2-type language 
education programs for children, and the presence or absence of any community-driven language 
revitalization efforts at all. This may help to illuminate whether language immersion programs 
are indeed having a major impact on language vitality and whether some language revitalization 
activity, even if not integrated formally in children’s education, is better for language vitality 
than none at all. It is expected that language and cultural revitalization programs would have the 
intended effect of enhancing community resilience and increasing a language’s vitality; however, 
a negative correlation between language vitality and one or more non-zero levels of revitalization 
efforts would be equally revealing. 

3.2.6.1 Data source 

Information for this variable came from a database that was created specifically for this 
dissertation project and is described in Section 3.3.2. 

3.2.7 Language	vitality	
Language vitality, the dependent measure, was measured using one of the three prominent 
metrics typically employed in the field of language endangerment studies: the Language 
Endangerment Index, or LEI (Lee & Van Way 2016). This measure generally has more up-to-
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date information than the other two options, UNESCO (2003) and EGIDS (Eberhard, Simons, & 
Fennig 2020). It consists only of endangered, sleeping, and awakening languages, which is 
fitting for the purposes of this project, as no languages in the sample are considered safe. For 
further discussion of language vitality assessment measures and their challenges, see Section 2.4. 

3.2.7.1 Data source 

The Catalogue of Endangered Languages (ELCat, 2021) is a comprehensive catalogue with 
information on endangered languages from all over the world. The catalogue is curated by a team 
of linguists and regional experts, accepting and integrating community submissions, and is 
regularly updated. This catalogue uses a measure of language vitality called the Language 
Endangerment Index (or LEI), which is based on four factors that are particularly relevant to 
language endangerment: intergenerational transmission (which is multiplied by two), absolute 
number of speakers, speaker number trends, and domains of use. While the LEI integrates 
information from up to four factors, it can be calculated using three, two, or only one of these, 
with a corresponding decrease in the certainty of the metric. Approximately half of all languages 
in ELCat have only speaker number information (Gary Holton, personal communication, 2022). 

LEI ranking is used as the dependent measure in the ordinal regression models tested and 
described in Chapter 4. It should be noted that the domains of use factor includes, among other 
things, education as a domain, and therefore there may be some overlap between the 
revitalization predictor and the LEI ranking for languages coded as having a bilingual language 
education or immersion program. ELCat includes only languages that are considered to be 
endangered, threatened, dormant, awakening, or that have unknown status. So, no “safe” 
languages are included. However, no Indigenous language in North America is considered safe, 
so every language that is native to the region is included in ELCat. 

3.2.7.2 Variable measurement 

The dependent measure, language vitality, was adapted from the LEI measures listed in a version 
of the Catalogue of Endangered Languages (ELCat) that was downloaded in April of 2020. The 
LEI uses four factors as criteria for determining endangerment: intergenerational transmission, 
absolute number of speakers, speaker number trends, and domains of use (Lee & Van Way 
2016). The levels of endangerment in the LEI are: at risk, vulnerable, threatened, endangered, 
severely endangered, critically endangered, dormant, and awakening. These categories were 
modified slightly for the purposes of this project. The mapping between LEI categories and the 
language vitality measure used in this dissertation is presented in Table 3.5 below. 
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Table 3.5 Mapping between LEI categories and dependent measure used in this dissertation. 
LEI	categories	 This	dissertation	 Rank	
(not	listed)	 Not	listed	in	ELCat	 0	
Dormant	
Awakening	

Sleeping	+	awakening	
	

1	

Critically	endangered	 Critically	endangered	 2	
Severely	endangered	 Severely	endangered	 3	
Endangered	 Endangered	 4	
Threatened	 Threatened	 5	
Vulnerable	 Vulnerable	 6	
At	risk	 At	risk	 7	

Languages categorized as “0 - not listed in ELCat” represent languages that have been sleeping 
for a long time, since ELCat only catalogues endangered languages, and there are no Indigenous 
languages in North America that are considered safe. Languages classified as “dormant” in 
ELCat have lost their last known speaker in the last approximately fifty years and are therefore 
still in the database because of the possibility of finding another living speaker and/or the 
language shifting to “awakening” status, as the recent loss of its last speakers may be likely to 
spur community activism (Lee & Van Way 2016, pp. 289-290). Because the LEI does not yet 
have a way of assigning differentiated vitality levels to awakening languages, it is difficult to 
determine where they fit in an ordinal categorization scheme. They are clearly more vital than 
sleeping languages, but whether they are safer than “critically endangered,” “severely 
endangered,” etc. languages may depend on the specifics of the language in question. While it is 
an imperfect compromise, “dormant” and “awakening” levels in the LEI were combined into one 
level, called “sleeping+awakening,” for the purposes of this dissertation. 

3.2.7.3 Data processing 

The ISO codes for North American languages listed in the LEI did not always correspond with 
those in the master language list. In some cases, the same language had a different ISO identifier 
used in one database versus the other. So, these ISO codes were carefully compared across data 
sets, and determinations were made as to how to address non-matching entities. Where 
necessary, ISO codes in the ELCat data download were overwritten to correspond with those in 
the master language list. In cases where the master list contained separate ISO codes for 
language varieties that were treated as dialects of a single language in ELCat, these were given 
the same vitality ranking from the larger umbrella language to all language varieties. 

3.3	 NEW	DATA	SOURCES	
Not all of the data needed for the factors to be investigated in the ordinal regression models were 
fully available in existing data sets. Therefore, in order to address the three final factors on the 
list—land rights, accessibility via road networks, and language revitalization efforts—two new 
databases needed to be created. One new database was created by searching for information 
about languages in tribal areas and adding this to the existing AIANNH data set described in 
Section 3.2.4.1, and another new database was created by searching for language revitalization 
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information for each language and adding this to the master language list. As described in 
Section 3.2.4 and Section 3.2.5, the first new database was used in combination with existing 
ones to obtain information about land rights and road transportation networks in Native land 
areas. The second database was used for obtaining information about language revitalization 
efforts. Both new databases involved significant Internet research over a period of months to 
identify and fill in information systematically in new fields (columns) for each of hundreds of 
lines in each data set. The specific processes for building these two databases are further 
described in the subsections that follow, Section 3.3.1, and Section 3.3.2. 

3.3.1 Languages	of	government-recognized	Native	lands	in	continental	United	States	

This database was one of two databases newly created for this project, starting with the 2017 
TIGER/Line US Census American Indian/Alaska Native/Native Hawaiian (AIANNH) Areas 
Shapefile and building upon it with systematic Internet searches for historical language 
information for each Native land area. Each row in the original US census shapefile database 
represents one Native land area with clearly-defined geographic boundaries, and each column 
represents a different variable related to these data. Missing, however, from the original database 
was information about the ethnolinguistic origins of the people that have claim to these areas, 
with the exception of situations in which the name of the Native land area corresponds with the 
name of an ethnolinguistic group. So, this data was added, line by line, after creating multiple 
new columns (such as “Language1_name,” “Language1_ISO,” “Language2_name,” 
“Language2_ISO,” etc.) to encode this information. The subsections that follow describe in 
further detail the process for building upon the US census data AIANNH TIGER/line shapefile 
to create this new database. 

3.3.1.1 Database overview 

The U.S. Census Bureau's 2017 TIGER/Line American Indian/Alaska Native/Native Hawaiian 
(AIANNH) Areas Shapefile, which was used as basis for the newly created database, has the 
following structure: 

Lines 2-324: reservations, rancherías, and villages 
Lines 325-483: trust lands 
Lines 484-558: Hawaiian home lands (HHLs) 
Lines 559-778: Alaska Native village statistical areas (ANVSAs) 
Lines 779-844: Oklahoma tribal statistical areas (OTSAs), State designated tribal 
statistical areas (SDTSAs), and tribal designated statistical areas (TDSAs) 

In this original data source, there are a total of 843 lines of data, each representing a separate 
geographic entity: 323 reservations (including villages and rancherías), 159 off-reservation trust 
lands, 75 total Hawaiian home lands, 220 ANVSAs, and 66 OTSAs, SDTSAs, and TDSAs. After 
removing the 75 HHLs, there were 768 lines remaining. The procedure for adding information to 
create the new database is described in the subsections that follow. 
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3.3.1.2 Coding reservations, rancherías, and villages 

The procedure for coding reservations rancherías, and villages was the following: 

1) Search for the name of the land area in a search engine. Ecosia and DuckDuckGo, which do 
not track users, were the primary search engines used for this project. 

2) Look for an official tribal website and a Wikipedia page. 
3) Scan both the tribal website and the Wikipedia page for information about Indigenous 

languages associated with the tribe. On Wikipedia, this information is often included in the 
righthand-side information box, but it is sometimes also found in the main text of the article, 
in a section on languages or elsewhere. 

4) Look for a corresponding ISO code for each language. The ISO code is sometimes available 
on the Wikipedia page for the language in question. Do this for all Indigenous North 
American languages that are described as having a prominent historical or cultural 
association with the reservation, ranchería, or village. If the ISO code cannot be found, look 
to other sources:  

a. Search for the language name on the master language list. Even if the ISO code can 
be found on Wikipedia, double-check to make sure it is consistent with the code used 
in the master language list and therefore also consistent with other instances of the 
language in question coded throughout the database. 

b. Look to Glottolog online or a recent Glottolog database download. A version of 
Glottolog 4.3 was modified to exclude all rows that were not in North America and 
consulted for this project. Since Glottolog also lists dialects, this can help to 
determine whether a language variety is classified as a language or a dialect and may 
explain discrepancies or absences of ISO codes in the master language list. 

3.3.1.3 Coding ANVSAs (3-step process) 

The procedure for coding ANVSAs was the following: 

1) Refer to Krauss’ 1982 Native Peoples and Languages of Alaska map (revised from 1974) to 
locate Alaska Native villages within each language area and enter the name and ISO code for 
the language into the database accordingly. Specifically, I created a text file for each 
language area with a list of villages included in that area, based on the map. Then, I looked 
for a corresponding place name in the database in process for each of the village names in the 
text files and input the language name from that area on the map into the language name and 
ISO code fields in the database. For villages that fall on the boundary between two or more 
language areas, I input the languages that correspond to each area at the boundary meeting 
under name and ISO code columns for Language 1, Language 2, and Language 3. 

2) Search the list of Alaska Native Place Names from the University of Alaska Fairbanks’ 
Alaska Native Language Archive website to fill in some of the remaining blank lines in the 
database for ANVAs that were not found on the Krauss 1982 map. 

3) Ask Dr. Gary Holton for his expertise in providing remaining language classifications for the 
ANVSAs that were not found on either the Krauss 1982 map or Alaska Native Place Names 
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list. Dr. Holton noted that most of these villages have few if any inhabitants now, which is 
why they may have not been made prominent in the other sources. 

3.3.1.4 Coding Trust Lands 

The procedure for coding trust lands was the following: 

1) Search for the name of each trust land in the database coded thus far. In most cases, each 
trust land is associated with one of the reservations, rancherías, or villages already in the 
database and shares the same name. In these situations, copy and paste the language name(s) 
and ISO code(s) from the reservation, ranchería, or village into the corresponding fields for 
the trust land. 

2) For the remaining trust lands, follow the same coding procedure as for reservations, 
rancherías, and villages. 

3.3.1.5 Coding OTSAs, SDTSAs, and TDSAs 

The procedure for coding OTSAs, SDTSs, and TDSAs primarily involved following the same 
coding procedure as described for reservations, rancherías, and villages in Section 3.3.1.2. 
However, for land areas named after a reservation or tribe for which there is already information 
available in the database, language information from these previously-coded rows could be 
copied into the new rows. Since these are small, state-recognized tribes (SDTSAs), there is a 
tendency for them to be either an offshoot of a larger nation; a smaller group of people who 
speak the same language as a larger group, sometimes with multiple groups mixed together, 
sharing territory; or a smaller group that did not (yet) have federal recognition at the time of 
2010 US census data collection. Often, multiple Indigenous groups came together to escape 
White settler encroachment, and over the centuries these groups shifted to English or to another 
local lingua franca. In such cases, their mixed identity is their tribal identity. 

3.3.1.6 Final database transformation 

The above procedure resulted in a dataset containing information about the languages spoken in 
each tribal region and the geographic extent (area) of those regions. In order to obtain 
information about the geographic extent of the languages in the study area, this dataset was 
refactored to create a dataset containing information about the total tribal language area for each 
language. This was done by summing the geographic areas in which each language is spoken. 
Because multiple languages may be spoken in a tribal region, the total land area represented in 
this refactored dataset is actually larger than the total language area is the original dataset. This 
approach essentially assigns the entire tribal area to each language associated with that region. 
This reflects an assumption that each speaker has access to the entire territory defined by the 
tribal region boundaries, independently of language spoken. A similar procedure was 
simultaneously performed for summing up highway lengths within each tribal land area, and 
these two measures were used to calculate highway density as described in Section 3.2.5.2. The 
R script for this database transformation can be found in Appendix C and in the supplementary 
materials made available online. 
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Table 3.6 Versions of Languages of Government-Recognized Native Lands in Continental U.S. 
database. 
Database	Version	1		
(AIANNH	+	languages)	

Database	Version	2		
(AIANNH	+	languages,	long	
format)	

Database	Version	3		
(Highway	Density	and	Highway	
Presence)	

Original	version	of	the	database	
in	the	format	of	one	line	per	
Native	land	area,	with	multiple	
columns	for	information	about	
each	Indigenous	language	
associated	with	the	land	area	
(768	lines)	

Long-format	version	of	the	
database	with	one	column	for	
language	identification,	and	
repeat	rows	for	land	areas	that	
are	associated	with	multiple	
languages	(1294	lines)	

Version	of	the	database	with	
one	line	per	language,	and	
highway	density	and	highway	
presence	measures	included	in	
two	additional	columns	(220	
rows)	

	

3.3.2 Language	revitalization	database	
Data for language revitalization efforts came from a new database created specifically for this 
dissertation. This database was built off of the master language list of 260 languages. The 
database started with two columns, one column for language name and one for ISO code, and 
three additional columns were added for identifying the presence or absence of criteria used to 
determine whether a language has an immersion program for children, a second language-type of 
educational program for children, any other community-driven language revitalization effort(s), 
or no evidence of language revitalization efforts at all. The general procedure and specific 
criteria used for making these coding decisions are described in the subsections that follow, 
3.2.3.1 Procedure and 3.2.3.2 Criteria for coding. 

3.3.2.1 Procedure 

To gather information about (discoverable) community-driven language revitalization efforts, a 
ten-minute Internet search for each language was conducted to determine whether evidence of a 
language immersion program, language education program, or another type of community-driven 
language revitalization effort can be found. Three columns were created for this information— 
revitalization, education, and immersion—and a binary coding system was used in each. The 
presence or absence of a program was represented with “1” or “0,” respectively, in each column. 
These binary values were later combined into categorical classifications as described later in this 
section. 

Due to the nature of the discovery process, the chance of finding information about language 
revitalization efforts increases with time spent searching. To control for this bias, a strict time 
limit was set. If no information regarding language revitalization programs for a particular 
language was found within ten minutes of searching, the language was coded as not having 
language revitalization program. If the information obtained within ten minutes was inconclusive 
and a web page with promising information had already been opened, it was allowed to continue 
skimming that web page for the information. Otherwise, languages that did not come up with a 
clear answer during the ten-minute search had to be coded with “0” for the respective column(s) 
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to represent the absence of evidence for the type of revitalization program in question. This was 
true even in cases where it was suspected that there may be a program but there was not enough 
independent information found during the search process to confirm this.  

This is an iterative process in which the procedure became more clear with practice. After coding 
about 20 lines to get a sense of the data, the remaining lines were coded using the flowchart seen 
in Figure 3.8. 

	
Figure 3.8 Language revitalization coding flowchart 

The binary coding scheme used in the three columns of the language revitalization database was 
transformed into a categorical classification scheme by adding up the numbers within each row. 
So, a language that had been coded 0,0,0 was coded as having no revitalization, education, or 
immersion program (level 0); a language coded as 0,0,1 was coded as having some type of 
revitalization effort (level 1); 0,1,1 was coded as having an education program (level 2); and 
1,1,1 was coded as having a language immersion program (level 3). The inherent assumption is 
that these levels have ordinal value. That is, if a language has an immersion school, it by 
definition meets the criteria for the other two revitalization categories (education and 
revitalization), because the criteria for immersion are more extensive and build upon the criteria 
for the others. Another way of saying this is that a language immersion program is a type of 
language education program, which is a type of language revitalization effort. So, these four 
options were the only ones made available in the translation of binary coding of three columns 
into a categorical measure, i.e. 1,1,0; 1,0,1; etc. were not available options requiring category 
levels for this variable. 

3.3.2.1.1 Websites used in creating language revitalization database 

• Search engines, primarily Ecosia and DuckDuckGo 
• Wikipedia 
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• Tribal and nation websites for tribes and nations claiming relationships with languages in 
the databases 

• Endangered Languages Project (ELP) 
• Glottolog 
• Discovery tools: grant-related and project-related lists on government (US and 

Canada/Quebec, etc.), nonprofit, and scholarly websites (full list in Appendix B) 
• Languages of government-recognized Native lands database (described in Section 3.3.1) 
• Ethnologue, often as a last resort to clarify or get more information when not much is 

being found, and to help distinguish between 0,1,1 (language education) and 1,1,1 
(language immersion). 

3.3.2.1.2 Definitions: language immersion, language education, and language revitalization 

Definitions used as criteria for coding the presence or absence of a language immersion, 
education, or revitalization program or effort are described in this subsection. 

• Language immersion: a situation in which children are routinely exposed to the target 
language as a medium of instruction and interaction. In an ideal language immersion 
scenario, children interact with adults and other children in the target language daily in such a 
way as to produce fluency or native-like proficiency in the language. This can be in school or 
in the home, although language immersion programs that take place in the home must be 
community-oriented and open to children who live outside of the household where the 
language is taught as a first language to meet the coding criteria for this database. This can 
refer to either full or dual language immersion. 

• Language education: an educational program directed toward people under age eighteen and 
taught for close to or more than four hours a week as a second language, similar to how a 
foreign language such as Spanish or Japanese might be taught to children and teens in non-
bilingual schools. 

• Language revitalization: a community-driven process or activity that involves the practice or 
education of a language or creation and/or sharing of language materials for the purposes of 
increasing number of speakers, improving upon current speakers’ knowledge and abilities, 
enhancing language prestige, and/or creating a sense of community and strengthening 
identity through language, specifically in reference to at risk, endangered, or sleeping 
languages. 

3.3.2.2 Coding challenges and methodology limitations 

Despite having established procedures, coding this database had its challenges and limitations. 
These will be discussed in this section, starting with language naming issues, continuing with the 
time limit, then how words can be misleading, and finally addressing what it means for 
information to be findable. 
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3.3.2.2.1 Language naming issues 

There are a number of issues surrounding language names that complicate the coding procedure. 
These include, but are not necessarily limited to the following: 

• There are often multiple names for same ISO code. In many cases, there is one exonym and 
multiple endonyms. This increases the challenge of finding needed information about 
language education and revitalization activities using a single language name as a search 
term, and sometimes additional names need to be tried 

• Since many Indigenous language names have multiple spellings for the same or similar 
pronunciations, similarly, relevant information may be more findable using one spelling over 
another, and it is not always initially apparent which spelling is preferred. 

• Sometimes, a larger family, language group or dialect chain name, such as Sahaptin or 
Anishanaabe/Ojibwe, is used to refer to many language varieties that are closely related but 
have separate ISO codes in the master language list. It can be difficult to determine whether a 
website that uses such a name is referring to one particular language variety or to a larger 
group of language varieties that are often called by the same name. 

• For some languages, a prominent dialect name is frequently used to refer to the language as a 
whole, or the dialect is so well known that much of the information about the language 
available on the Internet can be found by searching for the dialect name rather than the 
language name as a search term. An example of this is Kumeyaay, in the Tipai-Ipai or 
Diegueño [dih] dialect complex. In such cases, the procedure can be modified to search for 
[dialect name] language revitalization/education/immersion rather than, or in addition to, 
[language name] language revitalization/education/immersion, as if the dialect were the 
language. 

• For some languages, multiple writing systems are commonly used to represent the language’s 
name. For example, “Cree” can be written in both native Cree orthography and in Latinate 
script. For Pacific Northwest languages especially, and also in cases like Navajo, special 
characters and diacritics are used to write the language in its native orthography to indicate 
sounds not found in English, while another name, either an exonym or Anglicized spelling, is 
also commonly used. In these cases, multiple searches may be needed using different 
spellings and writing systems for the language names to increase the chances of obtaining 
relevant information. 

3.3.2.2.2 Time limit 

There are two main challenges that coding within a ten-minute time limit presents: 

1) In some cases, there is a wealth of information on the language (e.g. for Ojibwan varieties), 
but not enough time to skim/sort through it all. 

2) In other cases, it is difficult to find good information within the 10-minute time period. For 
example, there may be evidence that an “immersion program” exists for a language or did at 
some time in the past, but no more information about how many hours per week, what age of 
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students are enrolled, whether it is still ongoing, only taught in summer or as an elective 
community program, etc. 

3.3.2.2.3 Words can be deceiving 

Often times, the word “immersion” is used to refer not to a language nest or Hawaiian-style 
immersion school program, but to an adult language circle, perhaps master-apprentice program, 
or a summer camp for teachers (to train adult teachers in the language so that they can teach it to 
students). Sometimes, there is strong evidence of a master-apprentice program and/or immersion 
camps for adults, possibly training them to be language teachers, but no clear indication that 
these adults are passing down the language to kids (i.e., there is no evidence that it has yet been 
introduced in K-12 schools, etc.). Such observations were noted in the “Comments” column of 
the database. 

3.3.2.2.4 What it means for information to be findable 

It should be understood that coding a language as not having a language revitalization program 
using this method does not mean that no program exists. There are many possible reasons for 
information about language revitalization programs not being discoverable via this method. 
Some of these will be discussed in Chapter 5. 

3.4	 OTHER	SOURCES	CONSULTED	
In addition to the data sources already mentioned, multiple versions of the Glottolog database 
(Hammarström et al. 2018;  Hammarström et al. 2020) played an important role in this research. 
The Glottolog 3.2 database download was used to link Glottocodes with ISO codes so that the 
final versions of databases used for all variables could be read into the R script for ordinal 
regression using ISO codes as the key language identifier. The Glottolog website was also 
referred to frequently in 2021 to disambiguate languages and dialects and to obtain other types of 
information about language family relationships and language status in the process of 
constructing the two new data sets described in Section 3.3. 

3.5	 DATA	EXPLORATION	
This section presents a summary of the data exploration and description for each of the 
predictive variables that were tested and for the dependent measure. It also explains the steps 
taken to preprocess each variable in preparation for running the ordinal regression models. In 
particular, the distributions of each variable were examined, and for continuous variables with 
skewed distributions—land area at time of contact, elevation range, and highway density—
logarithmic and square root transformations were tested to see if they would result in more even 
distributions of the variables. These types of transformations on variables with skewed data 
distributions can be necessary to illustrate trends that the model intends to highlight and that may 
not be apparent without transforming the variable (Zhang, Chen & Rain 2004). For land area at 
time of European contact, a logarithmic transformation was best, and for elevation range the 
square root transformation was chosen. Neither of these transformations worked well for the 
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highway density variable, and an alternative, simple binary coding method was presented for 
highways within modern-day tribal land areas as an alternative (see Section 3.2.5 and Section 
3.5.5). For categorical predictors—subsistence strategy, displacement, and language 
revitalization—and for the dependent measure—language vitality—no transformations were 
applied, since this would require at least partially redefining categories by combining two or 
more categories with smaller numbers of data points. Redefining categories in such a way would 
result in loss of information and may not be a wise choice without a strong theoretical motivation, 
so the categorical variables were not changed. The explorations leading to data transformations 
are described in more detail for all variables in Section 3.5. 

3.5.1 Land	Area	Size	at	time	of	European	contact	

A majority of languages in the dataset had small land area sizes, and a smaller number of them 
had larger land area sizes. Therefore, the distribution of values for this variable was skewed, as 
can be seen in Figure 3.9, Panel A. To correct for the skew, both square root and logarithmic 
transformations were tested on the data for this variable. The square root transformation was still 
skewed, but the logarithmic transformation resulted in an approximately normal distribution of 
values (see Figure 3.9, Panel C). So, the logarithmic transformation was chosen for the land area 
at the time of European contact variable. 

3.5.2 Elevation	range	
The distribution for the elevation range variable was skewed to the right, although not as 
extremely as for the land area at time of contact variable (see Figure 3.10). Logarithmic and 
square root transformations were both tested for this variable. The logarithmic transformation 
resulted in a data distribution skewed to the left. The square root transformation resulted in a 
more uniform, possibly bimodal distribution. The square root transformation was selected for the 
elevation range variable. 

3.5.3 Subsistence	strategy	
As can been seen in Figure 3.11, the most frequent subsistence strategy category is fishing (57 
languages), followed by hunting (45 languages), agriculture (32), gathering (28), and mixed (9). 
There were 89 languages with missing data for this variable in the continental US and Canada. 
As will be seen in the following chapter, an interaction effect was tested between the elevation 
range measure and subsistence strategy. To help with interpretation of the results, additional data 
exploration was conducted to examine the prevalence of each subsistence strategy type across 
elevation range values. These distributions can be seen in Figure 3.12. 

3.5.4 Displacement	

Of the four displacement levels, the highest number of languages (105) have United States 
government-recognized land area both within and outside of historical land areas. The next 
highest number of languages have territory outside of their historical area (46), then no territory 
(43), then territory inside of the historical area (26). The 40 languages outside of the present-day 
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continental US (in Canada) were not used to fit models that include this variable due to missing 
data. 

A.	Unprocessed	data	distribution	 B.	Square	root	transformation	

	
	

	
C.	Logarithmic	transformation	

	
Figure 3.9 Unprocessed (Panel A), square root (Panel B), and logarithmic (Panel C) 
transformations of the data distribution for the land area at time of European contact variable. 

 



 

 
59 

A.	Unprocessed	data	distribution	 B.	Square	root	transformation	

	 	
	
C.	Logarithmic	transformation	

	
Figure 3.10 Unprocessed (Panel A), square root (Panel B), and logarithmic (Panel C) 
transformations of the data distribution for the elevation range variable. 
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Counts 
 
Agriculture: 32 
Hunting: 45 
Gathering: 28 
Fishing: 57 
Mixed: 9 
(NA: 89) 

Figure 3.11 Data distribution for the subsistence strategy variable. 

A. B. 

  

Figure 3.12 Distribution of subsistence strategy types (colors) by the square root of elevation 
range (x-axis), in frequency polygon (Panel A) and stacked histogram (Panel B) formats. The y-
axis represents the number of languages. 
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Counts 
 
No govt. recognized territory (none): 43 
Territory outside historical area: 46 
Territory inside historical area: 26 
Territory both outside and inside: 105 
NA (Canada only): 40 

Figure 3.13 Data distribution for the displacement variable. 

	
Figure 3.14 Geographic distribution of displacement categories for historical land areas. 

3.5.5 Highways	
Due to the nature of the highway data, two types of measurements of highways within 
government-recognized land areas were examined. The first was highway density, measured as a 
continuous variable, and the second was highway presence (a binary measure). The second 
measure was chosen as the preferred variable for the accessibility via road networks factor. 

The highway density distribution curve is strongly skewed to the right, with a majority of 
highway density values being equal to zero. Multiple types of transformations were attempted to 
correct for this skew. While the distribution looks most like an exponential decay curve, 
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logarithmic transformation could not be applied due to all of the zero values, as there would be 
many data points with infinitely negative values on the log transformed scale. Figure 3.15 shows 
a logarithmic transformation of this variable in Panel C, but the data points shown are only the 
ones that have non-zero values, as these are the ones with values that can be displayed on the log 
transformed scale. Multiple attempts were made to add a small number (i.e., numbers 
substantially smaller than and equal to 1) to the highway density values and log transform these 
in attempt to correct for the variable skew, since this would counteract the effect of zero values 
appearing as infinitely negative on the log transformed scale. However, these attempts did not 
significantly change the shape of the histogram. As can be seen in Panel B, neither does a square 
root transformation substantially change the shape of the curve. There were forty-three languages 
Indigenous to the continental U.S. that did not have government-recognized tribal land areas and 
therefore could not have highway density measures calculated for them. These were represented 
in the data as NAs. 

Since more than half of the values for highway density are 0, this variable may be better regarded 
as a categorical predictor. Although there is variation within non-zero values, there are so many 
zero values that distinguishing between non-zero values without distinguishing between zero-
values would result in an uneven distribution of the categorical data and may require creating 
one or more possibly arbitrary cutoff points for measurements between categories. Theoretically, 
it may be that the most relevant distinction is whether or not the government-recognized land 
area has any highway(s) at all, as these would generally facilitate increased connection with 
outside communities, which may promote language shift. While an accessibility via road 
networks measure would ideally involve a more precise calculation of something like average 
distance to the nearest highway onramp from each dwelling (Torsha Bhattacharya, personal 
communication, 2021), a simple binary measure was tested to see if even the simplest approach 
could be used to represent this measure categorically. If so (or perhaps even if not), the variable 
measurement could be improved upon in future models. 

This binary coding reflects the answer to the question, “Does the calculated highway density 
have a non-zero value?” In more practical terms, it reflects the answer to the question, “Is there a 
highway within the modern-day government-recognized land area(s) for each language?” There 
were 113 “no,” 64 “yes,” 43 NA (not applicable), and 40 (not determined). NAs represent 
languages in the continental U.S. for which there are no government-recognized land areas, as no 
highway density can be calculated for them. NDs represent languages within the borders of 
modern-day Canada, which have not been assessed for government-recognized land area, and 
which therefore cannot have highway density measures determined for them at this point in time. 

3.5.6 Language	revitalization	
For the language revitalization variable, 66 languages had an immersion program for children, 
and 42 had another type of education program for children. A large number of languages (107) 
had some other type of community-driven language revitalization activity as evidenced by the 
Internet search. Another 45 languages had no evidence of revitalization efforts. 
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A.	Unprocessed	data	distribution	 B.	Square	root	transformation	

	 	
	
C.	Logarithmic	transformation	

	
Figure 3.15 Data distribution for the highway density variable. 
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Counts 
 
No: 113 
Yes: 64 
NA (languages in U.S. with no government-
recognized land area): 43 
Not Determined (ND, languages in Canada): 40 

Figure 3.16 Data distribution for highway presence. 

 

 

 

Counts 
 
No evidence of revitalization: 45 
Some revitalization effort(s): 107 
Language education for children: 42 
Language immersion for children: 66 

Figure 3.17 Data distribution for language revitalization efforts. 

3.5.7 Language	vitality	(dependent	measure)	

The dependent measure shows a generally downward trend in vitality for Indigenous languages 
of North America. Most of the languages in the dataset fall into the three lowest vitality 
categories, with 63 languages at level 0 (Not listed in ELCat), 46 languages at level 1 (Sleeping 
+ Awakening), 65 languages at level 2 (Critically endangered), 33 languages at level 3 (Severely 
endangered), 22 languages at level 4 (Endangered), 19 languages at level 5 (Threatened), 11 
languages at level 6 (Vulnerable), and 1 language at level 7 (At risk). 
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Counts 
 
0 : 63 
1 : 46 
2 : 65 
3 : 33 
4 : 22 
5 : 19 
6 : 11 
7 : 1 

Figure 3.18 Data distribution for language vitality (the dependent measure). 
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CHAPTER	4. RESULTS	
A series of regression models were developed using the variables described in Chapter 3, with 
language vitality (as measured by the LEI) as the response variable. Cumulative link models 
were fitted using the clm function of the R package ordinal (Christiansen 2018). Because data 
were not available for all six predictors for every language in the sample, different models were 
fitted against different subsets of data (see Table 4.1 and Figure 4.1). For example, data for the 
displacement predictor are currently available only for languages in the US, so models 
incorporating displacement as a predictor could only be fitted against data from US languages. 
Similarly, subsistence strategy coding based on ethnographic records was not available for all 
languages in the sample. In addition, models that include interaction effects between some of the 
predictors were considered. 

Table 4.1 Data subset overview. Availability of predictor (rows) for all languages in each data 
subset (columns). “Yes” means all languages in the subset have data for a given variable and 
“no” means not all of the languages in the subset have data available for that variable. 
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Land	Area	 yes	 yes	 yes	 yes	 yes	 yes	
Elevation	 yes	 yes	 yes	 yes	 yes	 yes	
Subsistence	 no	 no	 no	 yes	 yes	 yes	
Displacement	 no	 yes	 yes	 no	 yes	 yes1	
Highway	 no	 no	 yes	 no	 no	 yes	
Revitalization	 yes	 yes	 yes	 yes	 yes	 yes	

 

                                                

1 Note that the displacement variable is coded in such a way as to have one level, “0 - no 
government-recognized land area,” eliminated when combined with the highway measure, since 
these same languages are treated as NA in the highway dataset due to the absence of 
government-recognized land (since highway densities could not be calculated with a 
denominator of 0). Therefore, including both of these variables in the same model would result 
in limited information provided about the impact of displacement. The other three levels of 
displacement are not affected. 
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Twelve models were evaluated using six data subsets. Of these, four models were selected to 
represent overall trends. These were selected according to a set of criteria that was developed to 
include fitted model correlations for all six variables under investigation. Section 4.1 provides 
descriptions of each model and a summary of model results (see Appendix D for further detail). 
Section 4.2 summarizes the results of four representative models according to a set of criteria 
that is also described in that section. A qualitative discussion and interpretations of the findings 
can be found in Chapter 5. 

	
Figure 4.1 Visual schematic of data subsets. 

4.1	 MODEL	FITTING	AND	COMPARISON	
Twelve models with different combinations of the six variables were developed and fit to six 
different data subsets in accordance with the data available for each variable. For each model, the 
maximum number of languages possible in the geographic region of interest (the continental 
U.S. and Canada) were used. This section is divided into six subsections, one for each set of 
models developed for each data subset. The subsections are presented in order from those with 
most variables included in the model(s) to those with least variables. 
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For each model presented, a shorthand form of the model formula is given. It can be read in the 
following way: 

Formula: Dep. measure ~ Predictor1 + Predictor2 * Predictor3 … etc., where: 

~ indicates that variables to the right are being treated as predictors, and the variable on 
the left is the dependent measure 
+ separates independent predictors with no presumed interactions 
* indicates an interaction between the two predictors directly on either side, where the 
effect of one is influenced by the value of the other 

The model statistics include log odds, which is defined as the natural logarithm (ln or loge) of the 
odds ratio prediction for the dependent measure (in this case, language vitality as measured by 
the LEI) increasing by at least one level as the values of the predictive variables increase (for 
continuous predictors) or change category from the reference level to another level (for 
categorical predictors). The log odds is expressed as the coefficient, or correlation estimate, for 
each predictor in the model. An estimate of 0 represents a model prediction of no change in the 
dependent measure (language vitality) based on the effect of the predictor in question, whereas a 
positive value represents an increase in predicted vitality and a negative value represents a 
decrease in predicted vitality compared to the reference level. Greater absolute values of the 
coefficient represent higher probabilities of the effect, and p-values (shown in the final column 
of each model output table) represent statistical significance.  

In the tables presented in this section, p-values are symbolized in the following way: 

*** : p <0.001 
  ** : p <0.01 
    * : p <0.05 
     . : p <0.1 

The p-value represents the likelihood that the effect would be seen under the null hypothesis, 
which is the hypothesis that a given predictor variable has no effect on the dependent measure. 
P-values under 0.05 are generally considered indicators of statistical significance, as they 
indicate that there is a less than 5% chance that the observed distribution would occur if the null 
hypothesis were true. P-values of less than 0.01 are even stronger indicators of significance, as 
the observed result would only occur if the null hypothesis were true 1% of the time. P-values 
with three stars, representing values of less than 0.001, indicate a near impossibility of the null 
hypothesis being true. All of these smaller p-values lend strong support to the conclusion that the 
observed effect of the coefficient represents a correlation between variables that is not due to 
chance. 
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A related concept to that of p-values is that of model fit. A “model” is the abstract mathematical 
representation of relationships between variables as described by the model formula, and the fit 
of the model describes how well the data align with general model trends. While multiple 
regression models, especially those including categorical and ordinal variables, cannot be fully 
envisioned in two-dimensional space, it helps to imagine a simple trendline with x- and y- axes, 
where x represents the predictor variable(s) and y represents language vitality rankings. Every 
point on the line represents a model prediction, and the many scattered points on and around that 
line represent real-world data. If there are many individual languages whose vitality rankings are 
far from those predicted by the model (i.e., more points scattered far away from the trendline), 
the model is said to have a worse fit than if there are fewer languages with different rankings 
and/or smaller measurable differences than those predicted (e.g. a difference between levels 3 
and 4 rather than 1 and 4). 

Within each nested model group, when multiple models were fit to the same data, they were 
compared using Akaike Information Criterion (AIC) and McFadden’s R2. These are measures of 
model fit that can be used to compare models that are fit against the same observations (in this 
case, languages) but not to compare models tested against different observations, which is why 
these measures are not used to compare models across subsections (and data subsets) in this 
chapter. Lower AIC and higher McFadden’s R2 values are indicative of better fit. However, a 
better-fitting model may not be the best model overall if it only has a strong fit to a particular set 
of data but is meant to represent broader trends that could be applicable to a wider range of 
situations. In some cases, a model might fit one set of data well but perform differently when 
tested upon others. This is called “overfitting.” 

Models are named systematically according to the data subsets used to fit them (numbers 1-6, as 
shown in Table 4.1 and Figure 4.1) and variables included as predictors (A = historical land area, 
E = elevation range, S = subsistence strategy, H = highways, D = displacement, and R = 
language revitalization efforts). An asterisk (*) represents an interaction included between two 
predictor variables in the model. These symbols are strung together to form a unique acronym for 
each model. For example, 4AE*SR represents a model fit using Data Subset 4 and including the 
following four variables: land area, elevation, subsistence strategy, and language revitalization 
efforts. It also includes an interaction between the elevation range and subsistence strategy 
variables. The subsections that follow are named and structured by data subset, and additionally 
named using a description of the limitations on data included in each subset. 
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Table 4.2 Twelve models fitted to six data subsets, the numbers of observations/languages and 
variables included in each, presence or absence of each variable, interaction effects (indicated by 
an x under each relevant variable and “yes” in the Interaction column), and two measures of 
model fit: AIC and McFadden’s R2. 
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6	 126	 5	 1	 1	 1	 1	 0	 1	 no	 400.08	 0.612	
6	 126	 4	 1	 0	 1	 1	 0	 1	 no	 400.12	 0.610	
6	 126	 5	 1	 x	 x	 1	 0	 1	 yes	 388.63	 0.632	

5	 141	 5	 1	 1	 1	 0	 1	 1	 no	 444.68	 0.569	
4	 171	 4	 1	 1	 1	 0	 0	 1	 no	 540.84	 0.461	
4	 171	 4	 1	 x	 x	 0	 0	 1	 yes	 515.32	 0.496	
3	 177	 4	 1	 1	 0	 1	 0	 1	 no	 558.66	 0.435	
3	 177	 3	 1	 0	 0	 1	 0	 1	 no	 557.90	 0.434	
2	 220	 4	 1	 1	 0	 0	 1	 1	 no	 632.36	 0.361	
2	 220	 3	 1	 0	 0	 0	 1	 1	 no	 630.76	 0.361	
1	 260	 3	 1	 1	 0	 0	 0	 1	 no	 764.86	 0.215	
1	 260	 2	 1	 0	 0	 0	 0	 1	 no	 763.08	 0.214	

4.1.1 Model	excluding	highways:	5AESDR	

This is one of the more maximal models included in the analysis, as it contains five out of six 
predictor variables. The missing variable is highway presence. No model can include both 
highway presence and displacement as predictors, given the way these variables were coded. 
This is because the displacement variable includes a category for languages that have no 
government-recognized land area. By definition, this category is automatically given a value of 
NA in the highway measure since no highway density can be calculated if there is no 
denominator for the calculation (i.e., if there is no government-recognized land area within 
which highways could theoretically be present). Another way of saying this is that highway 
densities were only calculated for languages with government-recognized land, and within those 
lands. These regression models require that all data against which models are fitted contain a 
value for each variable in the model. Therefore, the highway variable was necessarily excluded 
as a predictor in this model in order to obtain information on the predictive value of all four 
levels of the displacement variable. As in all other models presented in this dissertation, Model 
5AESDR was fit to as many data points as possible. This model was tested against Data Subset 
5, which is a subset of 177 languages with government-recognized land area in the continental 
U.S. and data for the subsistence strategy variable. The formula for Model 5AESDR is presented 
below. 
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Formula: Vitality ~ Area + Elevation + Subsistence + Displacement + Revitalization 

Model 5AESDR, fit to Data Subset 5, includes land area, elevation range, subsistence strategy, 
historical displacement, and language revitalization efforts as predictors of language vitality. It is 
expected that larger historical land areas and greater elevation ranges would be associated with 
higher vitality, and therefore have positive coefficients in the model. The same goes for 
languages coded as corresponding with agricultural groups. It is also hypothesized that languages 
corresponding with Indigenous peoples that have more land rights, and specifically rights to 
areas of land that overlap with their historical land areas, would have higher modern-day 
language vitality. This would be reflected in the model with positive coefficients for “inside” and 
“both,” and possibly also with a smaller positive coefficient for the “outside” category if land 
rights are important regardless of overlap with historical land areas. Further, it is hypothesized 
that the positive effects of language revitalization efforts on language vitality would be reflected 
in the model statistics with positive coefficients for all of the revitalization categories that are not 
“none.” To the extent that there is a notable difference in terms of the type of revitalization 
strategy implemented, there may be larger positive coefficients for immersion schools compared 
to L2-type education programs, for L2-type education compared to other kinds of revitalization 
efforts, for immersion schools compared to the catch-all category of other kinds of revitalization 
efforts, or all of the above. A summary of model statistics for Model 5AESDR is presented in 
Table 4.3, with more detailed statistics for this and all other models presented in this dissertation 
available in Appendix D. 

As can be seen in Table 4.3, Model 5AESDR found a slightly positive correlation between 
historical land area and language vitality, with a coefficient of 0.340 and a p-value of less than 
0.005. However, there is no statistically significant impact of historical elevation range 
demonstrated in this model. The model statistics show a fairly large negative correlation (-1.785) 
of historically documented fishing economy with modern-day language vitality compared to 
historically documented agriculture, with a highly significant p-value of less than 0.001. The 
other levels of subsistence do not show any statistically significant correlations with the 
dependent measure in this model, although the gathering level approaches significance with a 
coefficient of -1.003 and a p-value of 0.078. The model statistics do not show any level of 
displacement to be statistically significant compared to the reference level of “none,” i.e., no 
government-recognized land area (“inside” coefficient 0.315, p = 0.655; “outside” coefficient -
0.253, p = 0.695; “both” coefficient 0.328, p = 0.573). For the revitalization variable, all levels 
show gradiently large positive correlations with language vitality that are highly statistically 
significant, with “education” having a larger impact than “revitalization” and “immersion” 
having a larger impact than “education.” It is unclear from these statistics whether this gradient 
itself is significant, but it is clear that all three of these levels show a positive correlation with 
language vitality compared to “none.” A further discussion of the implications of these findings, 
considered along with those of other models, are presented by variable in Chapter 5. Because 
only one model was fit to this data subset, the model fit statistics (AIC and McFadden’s R2) 
cannot be used to compare it directly with other models. 
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Table 4.3 Model summary for 5AESDR. 
141	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.34034	 0.12095	 2.814	 0.0048960000000000	 **	
Elevation	 0.01273	 0.01306	 0.974	 0.3299090000000000	 	
Subsistence_hunting	 -0.47964	 0.51862	 -0.925	 0.3550580000000000	 	
Subsistence_gathering	 -1.00259	 0.56973	 -1.760	 0.0784490000000000	 .	
Subsistence_fishing	 -1.78488	 0.51808	 -3.445	 0.0005710000000000	 ***	
Subsistence_mixed	 -0.89673	 0.69935	 -1.282	 0.1997590000000000	 	
Displacement_outside	 -0.25277	 0.64460	 -0.392	 0.6949620000000000	 	
Displacement_inside	 0.31504	 0.70575	 0.446	 0.6553170000000000	 	
Displacement_both	 0.32751	 0.58153	 0.563	 0.5733090000000000	 	
Revitalization_revitalization	 2.34651	 0.65814	 3.565	 0.0003630000000000	 ***	
Revitalization_education	 3.16417	 0.77677	 4.074	 0.0000463097000000	 ***	
Revitalization_immersion	 4.03806	 0.72349	 5.581	 0.0000000239000000	 ***	
AIC:	444.68	
McFadden’s	R2:	0.569	

4.1.2 Models	excluding	displacement:	6AESHR,	6ASHR,	6AE*SHR	

Since no model can include both highway presence and displacement as predictors without 
losing information about one of the levels of displacement, another maximal model that excludes 
displacement was fit to a necessarily smaller data subset of 126 languages. This is Model 
6AESHR, presented in Section 4.1.2.1. The data subset used to fit the model was Data Subset 6, 
which includes languages associated with U.S. government-recognized Native land areas that 
have one or more highways within them. Section 4.1.2.2 and Section 4.1.2.3 present Models 
6ASHR and 6AE*SHR, which are similar models fit to the same data subset but with the 
subtraction of a variable (elevation range) and inclusion of an interaction, respectively. 

4.1.2.1 Land area, elevation, subsistence, highways, and language revitalization (6AESHR) 

The first model in this grouping, Model 6AESHR, includes five predictive variables—land area, 
elevation range, subsistence, highways, and language revitalization efforts—and was fit against 
the smallest data subset of 126 languages. The hypotheses for this model are similar to those 
presented in Section 4.1.1 for Model 5AESDR but with an additional hypothesis that the 
presence of highways in modern-day government-recognized land areas would be correlated 
with lower language vitality and therefore have a negative coefficient. As the displacement 
variable is not included in this model, no hypothesis is presented here for that variable. The 
formula for Model 6AESHR is presented below. 

Formula: Vitality ~ Area + Elevation + Subsistence + Hwy_presence + Revitalization 

As can be seen in Table 4.4., only two of the five variables included in this model are statistically 
significant predictors of language vitality using a p = 0.05 cutoff: subsistence strategy and 
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language revitalization efforts. The historical land area and elevation variables have fairly low 
positive coefficients (0.221 and 0.019) and insignificant p-values, while the highway variable has 
a larger coefficient of 0.746 with a p-value that is only approaching significance (0.059). For the 
subsistence strategy variable, a fishing economy is again predictive of lower language vitality 
than an agricultural economy, with a negative coefficient of -1.986 and a p-value of less than 
0.001, and again the gathering level has a negative coefficient that only approaches significance. 
For language revitalization efforts, the revitalization, education, and immersion categories all are 
correlated with significantly higher vitality levels than “none” (“revitalization” coefficient 1.888, 
p = 0.008; “education” coefficient 2.662, p = 0.001; “immersion” coefficient 3.560, p < 0.001). 
These statistics show a similar gradient as those in the statistics of Model 5AESDR. 

Table 4.4 Model summary for 6AESHR. 
126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.22061	 0.13239	 1.666	 0.0956370000000000	 .	
Elevation	 0.01877	 0.01323	 1.419	 0.1559870000000000	 	
Subsistence_hunting	 -0.42163	 0.56599	 -0.745	 0.4563100000000000	 	
Subsistence_gathering	 -1.14050	 0.62768	 -1.817	 0.0692140000000000	 .	
Subsistence_fishing	 -1.98646	 0.57850	 -3.434	 0.0005950000000000	 ***	
Subsistence_mixed	 -0.90974	 0.71984	 -1.264	 0.2062940000000000	 	
Highway_yes	 0.74584	 0.39516	 1.887	 0.0591000000000000	 .	
Revitalization_revitalization	 1.88824	 0.71751	 2.632	 0.0084970000000000	 **	
Revitalization_education	 2.66247	 0.82306	 3.235	 0.0012170000000000	 **	
Revitalization_immersion	 3.56006	 0.80326	 4.432	 0.0000093400000000	 ***	
AIC:	400.08	
McFadden’s	R2:	0.612	

4.1.2.2 Excluding elevation (6ASHR) 

The second model in this grouping, Model 6ASHR, includes four predictive variables—land 
area, subsistence, highways, and language revitalization efforts—and was fit against the same 
smallest data subset of 126 languages, Data Subset 6. This model is identical to Model 6AESHR 
but without elevation included as a predictor due to its low predictive power as demonstrated by 
its small coefficient and insignificant p-value in other models. Removing a variable with such 
low predictive ability is common practice in model comparison and can help to avoid overfitting. 
It is possible that by removing this seemingly superfluous variable, other variables that only 
approached significance in Model 6AESHR may demonstrate actual significance in this more 
minimal model, as the model would in theory not be attempting to explain vitality using an 
irrelevant variable. The hypotheses for this model are otherwise the same as for Model 6AESHR. 

Formula: Vitality ~ Area + Subsistence + Hwy_presence + Revitalization 

As can be seen in Table 4.5, Model 6AESHR statistics are similar to those of Model 6AESHR, 
with the most notable difference being a statistically significant finding (p = 0.026) for the 
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historical land area predictor (with a small positive coefficient of 0.279 indicating a slight 
probability of improvement in language vitality for languages with larger historical geographic 
ranges). The subsistence, highway, and language revitalization variables show similar statistics 
as in Model 6AESHR, although the effect and significance of the fishing level of subsistence are 
reduced (from a coefficient of -1.986 to -1.690 and from a p-value of less than 0.001 to 0.002). 
The gathering level approaches significance in Model 6AESHR but not in Model 6ASHR. The 
AIC and McFadden’s R2 values changed negligibly (from 400.08 to 400.12 and 0.612 to 0.610, 
respectively), indicating if anything only a slight decline in model fit. However, the QQ and 
residual plots got messier, as can be seen in Appendix D, indicating worse model fit. 

Table 4.5 Model summary for 6ASHR. 
126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.27930	 0.12550	 2.226	 0.0260470000000000	 *	
Subsistence_hunting	 -0.31600	 0.56680	 -0.558	 0.5771500000000000	 	
Subsistence_gathering	 -0.82520	 0.58950	 -1.400	 0.1615560000000000	 	
Subsistence_fishing	 -1.68960	 0.54630	 -3.093	 0.0019840000000000	 **	
Subsistence_mixed	 -0.76190	 0.71330	 -1.068	 0.2854640000000000	 	
Highway_yes	 0.74650	 0.39360	 1.896	 0.0579190000000000	 .	
Revitalization_revitalization	 1.91870	 0.71670	 2.677	 0.0074260000000000	 **	
Revitalization_education	 2.71300	 0.82370	 3.294	 0.0009890000000000	 ***	
Revitalization_immersion	 3.51260	 0.80060	 4.387	 0.0000115000000000	 ***	
AIC:	400.12	
McFadden’s	R2:	0.610	

4.1.2.3 Including an interaction effect (6AE*SHR) 

In Model 6AESHR (described in Section 4.1.2.1), elevation range is not a statistically significant 
predictor of vitality, but it does seem to improve model fit, as the AIC is slightly lower and the 
QQ and residual plots are cleaner than in Model 6ASHR. This suggests that elevation may play a 
role that was obscured in Model 6AESHR. The main effects of land area and subsistence strategy 
also change when elevation is removed, as described in Section 4.1.2.2. One possible explanation 
for this could be an interaction between elevation and subsistence. Given that subsistence 
strategies emerge partly in relationship to their surrounding environments, one might hypothesize 
that the effect of subsistence strategy could be different depending on elevation, as groups that 
are practicing different subsistence strategies than those around them might have a selective 
advantage (or disadvantage). It is also quite plausible that the effect of the fishing level seen in 
Models 5AESDR and 6AESHR is correlated with other geographic factors, such as elevation, as 
many fishing communities may be distributed in relatively flat coastal areas. In short, the 
advantages and disadvantages of each type of subsistence economy represented by the data may 
vary based on the local environment, and that these could influence language vitality as well. 
Therefore, another model with the same variables but including an interaction between elevation 
range and subsistence strategy (Model 6AE*SHR), was used to test this hypothesis. The formula 
for this model can be seen below. 
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Formula: Vitality ~ Area + Elevation * Subsistence + Hwy_presence + Revitalization 

With the interaction taken into account, both elevation range and subsistence strategy are 
statistically significant predictors of language vitality, as can be seen in Table 4.6. With 
agriculture treated as the reference level for the subsistence strategy variable, the elevation range 
variable has a small positive coefficient of 0.158 and p-value of less than 0.001. This means that 
larger historical elevation ranges are slightly correlated with higher modern-day language vitality 
levels for languages used by groups documented by ethnographers as having agricultural 
practices. The coefficients for hunting (4.203), gathering (6.423), and mixed (4.252) subsistence 
became positive and fairly large, all with significant p-values, indicating higher probabilities of 
increased language vitality for languages with these documented subsistence strategies in flatter 
historical geographic regions. The fishing level also showed a switch to a fairly large positive 
coefficient (2.459), but without a statistically significant p-value. This does indeed suggest that 
the hypothesis that the effect of the fishing variable seen in other models is due to another 
geographic variable relating to elevation is correct. The small and statistically significant 
negative coefficients for subsistence strategies shown at the bottom of Table 4.6 indicate slight 
decreases in language vitality for hunting (-0.153), gathering (-0.214), fishing (-0.145), and 
mixed (-0.163) subsistence economies compared to agricultural economies for languages with 
larger historical elevation ranges. Figure 4.2 presents a plot of this interaction effect. 

In terms of the other variables, the effect of land area is greater in this model than in either 
Model 6AESHR or Model 6ASHR, with a coefficient of 0.443 (p = 0.003). The highway 
presence variable has a reduced coefficient (0.406) compared to the other models in this 
subgrouping that does not approach significance (p = 0.312). The effect of the language 
revitalization variable remains strong, positive, and statistically significant, with a similar 
gradient as seen in other models. 
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Table 4.6 Model summary for 6AE*SHR. 
126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 	
Land	area	 0.44275	 0.14690	 3.014	 0.0025790000000000	 **	
Elevation	 0.15831	 0.03697	 4.282	 0.0000186000000000	 ***	
Subsistence_Hunting	 4.20325	 1.55284	 2.707	 0.0067930000000000	 **	
Subsistence_Gathering	 6.42326	 1.95017	 3.294	 0.0009890000000000	 ***	
Subsistence_Fishing	 2.45895	 1.91248	 1.286	 0.1985340000000000	 	
Subsistence_Mixed	 4.25180	 1.79483	 2.369	 0.0178400000000000	 *	
Highway_yes	 0.40575	 0.40139	 1.011	 0.3120880000000000	 	
Revitalization_revitalization	 1.75308	 0.71396	 2.455	 0.0140710000000000	 *	
Revitalization_education	 2.43526	 0.81396	 2.992	 0.0027730000000000	 **	
Revitalization_immersion	 3.35652	 0.79108	 4.243	 0.0000221000000000	 ***	
Elevation:Subsistence_Hunting	 -0.15315	 0.04409	 -3.474	 0.0005130000000000	 ***	
Elevation:Subsistence_Gathering	 -0.21353	 0.05087	 -4.198	 0.0000270000000000	 ***	
Elevation:Subsistence_Fishing	 -0.14517	 0.04922	 -2.949	 0.0031870000000000	 **	
Elevation:Subsistence_Mixed	 -0.16312	 0.04697	 -3.473	 0.0005150000000000	 ***	
AIC:	388.63	
McFadden’s	R2:	0.632	
	

	
Figure 4.2 Interaction plot for subsistence strategy (colored lines) and the square root of 
elevation range (binned values on the x-axis) for Model 6AE*SHR. The y-axis represents the 
model’s prediction, measured as the log odds of a one-level increase in language vitality. 
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4.1.3 Models	excluding	displacement	and	highways:	4AESR	and	4AE*SR	

The next set of models, Models 4AESR and 4AE*SR, were fit to Data Subset 4, the subset of 
171 languages in the continental U.S. and Canada for which ethnographic data was available. 
Both models include the same four variables: land area at time of contact, elevation range, 
subsistence strategy, and language revitalization efforts. To include as many languages as 
possible in Canada, the displacement and highway variables were necessarily excluded. This 
allows the hypotheses for these four variables to be tested on a larger number and range of 
languages. 

4.1.3.1 Land area, elevation, subsistence, and language revitalization (4AESR) 
The hypotheses for all variables in Model 4AESR are the same as for other models including 
these variables (described in Section 4.1.1). Due to the inclusion of more languages and fewer 
variables, the significance of these variables might be larger than in the models fit to fewer 
languages. The model formula is presented below. 

Formula: Vitality ~ Area + Elevation + Subsistence + Revitalization 

The statistics for Model 4AESR, presented in Table 4.7, demonstrate a highly significant positive 
impact of historical land area with a coefficient of 0.547 (p < 0.001), suggesting a moderately 
high increase in probability of a higher language vitality level for languages with larger historical 
geographic ranges. Elevation range was not at all a statistically significant predictor in this model 
(p = 0.929) and has a miniscule coefficient of -0.001. As in other models without an interaction 
between subsistence strategy and elevation range, the subsistence strategy variable shows overall 
significance in the fishing level compared to agriculture, with fishing practices predicting lower 
language vitality (coefficient -1.106; p = 0.027). The other levels of subsistence all trend in the 
negative direction but are not significant. As in other models, all three levels of revitalization are 
highly significant in the positive direction with large coefficients compared to no revitalization 
efforts (“revitalization” coefficient 2.680, p < 0.001; “education” coefficient 3.499, p < 0.001; 
“immersion” coefficient 4.009, p < 0.001), indicating strong positive correlations between 
language revitalization efforts and language vitality. 
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Table 4.7 Model summary for 4AESR. 
171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.54715	 0.11182	 4.893	 0.0000009925800000	 ***	
Elevation	 -0.00103	 0.01158	 -0.089	 0.9294000000000000	 	
Subsistence_hunting	 -0.41194	 0.49550	 -0.831	 0.4058000000000000	 	
Subsistence_gathering	 -0.60416	 0.56852	 -1.063	 0.2879000000000000	 	
Subsistence_fishing	 -1.10640	 0.49893	 -2.218	 0.0266000000000000	 *	
Subsistence_mixed	 -0.84251	 0.70347	 -1.198	 0.2311000000000000	 	
Revitalization_revitalization	 2.68026	 0.63915	 4.193	 0.0000274704600000	 ***	
Revitalization_education	 3.49820	 0.71394	 4.900	 0.0000009591000000	 ***	
Revitalization_immersion	 4.00852	 0.68674	 5.837	 0.0000000053200000	 ***	
AIC:	540.84	
McFadden’s	R2:	0.461	
	

4.1.3.2 Including an interaction effect (4AE*SR) 

Due to the absence of significance of elevation in Model 4AESR and the theoretical rationale 
described in Section 4.1.2.3, a model using the same four variables but with an interaction 
between elevation and subsistence was fit to Data Subset 4 for comparison with Model 4AESR. 
The hypotheses for all variables are the same as for other models including these variables. The 
model formula is presented below. 

Formula: Vitality ~ Area + Elevation * Subsistence + Revitalization 

As can be seen in Table 4.8, Model 4AE*SR was found to yield greater significance of the 
elevation range and subsistence strategy variables in a similar manner as to that described in 
Section 4.1.2.3 but with larger positive coefficients—indicating higher probabilities of languages 
having higher vitality compared to reference levels—and a statistically significant finding for the 
fishing level as well. In fact, all levels of all variables are statistically significant predictors of 
language vitality in this model, and their coefficients are larger than in Model 4AESR. That is, 
there is a positive correlation between historical land area size and language vitality, and every 
level of language revitalization is strongly correlated with higher language vitality than no 
language revitalization program. In comparing Model 4AE*SR with 4AESR, AIC decreased 
from 540.84 to 515.32, and the McFadden’s R2 value increased from 0.461 to 0.496, both 
changes that suggest an improved model fit. Therefore, Model 4AE*SR was chosen as an 
example model in Section 4.2. Figure 4.3 and Figure 4.4 show plots of the interaction effect for 
Model 4AE*SR. 



 

 
79 

Table 4.8 Model summary for 4AE*SR. 
171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 	
Land	area	 0.72216	 0.12096	 5.970	 0.0000000023700000	 ***	
Elevation	 0.17456	 0.03301	 5.288	 0.0000001233300000	 ***	
Subsistence_hunting	 5.87075	 1.35732	 4.325	 0.0000152353000000	 ***	
Subsistence_gathering	 7.26433	 1.74685	 4.159	 0.0000320308100000	 ***	
Subsistence_fishing	 4.66567	 1.52685	 3.056	 0.0022500000000000	 **	
Subsistence_mixed	 4.95757	 1.70471	 2.908	 0.0036400000000000	 **	
Revitalization_revitalization	 2.96422	 0.65193	 4.547	 0.0000054467500000	 ***	
Revitalization_education	 3.73944	 0.72693	 5.144	 0.0000002686900000	 ***	
Revitalization_immersion	 4.27713	 0.70112	 6.100	 0.0000000010600000	 ***	
Elevation:	Subsistence_hunting	 -0.20399	 0.03899	 -5.232	 0.0000001677000000	 ***	
Elevation:	Subsistence_gathering	 -0.23494	 0.04585	 -5.124	 0.0000002985400000	 ***	
Elevation:	Subsistence_fishing	 -0.18715	 0.04105	 -4.559	 0.0000051472100000	 ***	
Elevation:	Subsistence_mixed	 -0.19101	 0.04388	 -4.353	 0.0000134066100000	 ***	
AIC:	515.32	
McFadden’s	R2:	0.496	
	

	
Figure 4.3 Interaction plot for subsistence strategy (colored lines) and the square root of 
elevation range (binned values on the x-axis) for Model 4AE*SR. The y-axis represents the 
model’s prediction, measured as the log odds of a one-level increase in language vitality. 
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Figure 4.4 Probability distributions of marginal means for subsistence strategy and elevation 
range in model 4AE*SR. The wave-like pattern is created by the normal distribution of the model 
predictions. 

4.1.3.2.1 Evaluating the effect of language education 

Model 4AE*SR was also run with language revitalization set treated as the reference level to 
look for a statistically significant difference in effect between child-directed language education 
programs and other types of community-driven language revitalization efforts. In this variation, 
the L2-type language education programs do not suggest a statistically significant difference 
compared to the revitalization level in their correlation with vitality, although the p-value 
approaches significance (coefficient 0.775, p = 0.066). There is, however, a statistically 
significant difference between the revitalization and immersion levels (coefficient 1.313 and p < 
0.001), and the absence of any revitalization program is significantly correlated with decreased 
vitality (log odds: -2.964, p < 0.001). This can be seen in Table 4.9. 
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Table 4.9 Model summary for 4AE*SR with “revitalization” treated as the reference level. 
171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.72216	 0.12096	 5.970	 0.0000000023700000	 ***	
Elevation	 0.17456	 0.03301	 5.288	 0.0000001233300000	 ***	
Subsistence_hunting	 5.87075	 1.35732	 4.325	 0.0000152353000000	 ***	
Subsistence_gathering	 7.26433	 1.74685	 4.159	 0.0000320308100000	 ***	
Subsistence_fishing	 4.66567	 1.52685	 3.056	 0.0022450000000000	 **	
Subsistence_mixed	 4.95757	 1.70471	 2.908	 0.0036360000000000	 **	
Revitalization_immersion	 1.31292	 0.37466	 3.504	 0.0004580000000000	 ***	
Revitalization_none	 -2.96422	 0.65193	 -4.547	 0.0000054467500000	 ***	
Revitalization_education	 0.77522	 0.42200	 1.837	 0.0662040000000000	 .	
Elevation:	Subsistence_hunting	 -0.20399	 0.03899	 -5.232	 0.0000001677000000	 ***	
Elevation:	Subsistence_gathering	 -0.23494	 0.04585	 -5.124	 0.0000002985400000	 ***	
Elevation:	Subsistence_fishing	 -0.18715	 0.04105	 -4.559	 0.0000051472100000	 ***	
Elevation:	Subsistence_mixed	 -0.19101	 0.04388	 -4.353	 0.0000134066100000	 ***	
AIC:	515.32	
McFadden’s	R2:	0.496	

4.1.4 Models	excluding	subsistence	strategy	and	highways:	2AEDR	and	2ADR	

The next two models, Model 2AEDR and 2ADR, were fit to Data Subset 2, with 220 languages, 
all of which are languages Indigenous to the continental U.S. These models are primarily focused 
on addressing the significance of the displacement variable, since this data subset has the largest 
number of languages with data available for this variable. 

4.1.4.1 Land area, elevation, displacement, and language revitalization (2AEDR) 

Model 2AEDR includes four variables—historical land area, historical elevation range, 
displacement, and language revitalization efforts. The hypotheses for variables in this model are 
the same as those for the same variables in other models. The formula is provided below. 

Formula: Vitality ~ Area + Elevation + Displacement + Revitalization 

As in other models, land area and revitalization are significant predictors of vitality (land area 
coefficient 0.410, p <0.001; “revitalization” coefficient 2.636, p < 0.001; “education” coefficient 
3.502, p < 0.001; “immersion” coefficient 4.308, p < 0.001) and elevation is not (coefficient 
0.006, p = 0.526). Displacement is a significant predictor of vitality in this model, with the 
"both" level correlated with higher language vitality compared to the reference level of “none” 
(coefficient 0.829, p = 0.035). The other two levels of displacement also have positive 
coefficients (“outside”: 0.404, “inside”: 0.347) but insignificant p-values (p = 0.376 and p = 
0.493, respectively). 
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Table 4.10 Model summary for 2AEDR. 
220	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.40963	 0.08768	 4.672	 0.0000029841779475	 ***	
Elevation	 0.00572	 0.00901	 0.635	 0.5260000000000000	 	
Displacement_outside	 0.40391	 0.45642	 0.885	 0.3760000000000000	 	
Displacement_inside	 0.34651	 0.50522	 0.686	 0.4930000000000000	 	
Displacement_both	 0.82856	 0.39290	 2.109	 0.0350000000000000	 *	
Revitalization_revitalization	 2.63643	 0.47837	 5.511	 0.0000000356336785	 ***	
Revitalization_education	 3.50153	 0.60740	 5.765	 0.0000000081771527	 ***	
Revitalization_immersion	 4.30809	 0.54785	 7.864	 0.0000000000000037	 ***	
AIC:	632.36	
McFadden’s	R2:	0.361	

4.1.4.2 Excluding elevation (2ADR) 

The next model fit to this data subset is Model 2ADR. Since elevation is not a statistically 
significant predictor in Model 2AEDR, it was removed. The hypotheses for all variables 
included are the same as those described in Section 4.1.1. The model formula is presented below.  

Formula: Vitality ~ Area + Displacement + Revitalization 

As can be seen in Table 4.11, AIC went down slightly in Model 2ADR, from 632.36 to 630.76, 
suggesting slightly improved model fit, while McFadden’s R2 remained the same. The model 
statistics were generally very similar to those of Model 2AEDR, although the coefficients for 
land area and the statistically significant levels of both categorical variables went up slightly. 
The levels of significance for all variables did not substantially change. Given that the elevation 
predictor does not improve model fit or correlate with vitality, Model 2ADR is preferred over 
Model 2AEDR. 

Table 4.11 Model summary for 2ADR. 
220	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.42008	 0.08618	 4.875	 0.0000010895921961	 ***	
Displacement_outside	 0.35163	 0.45001	 0.781	 0.4346000000000000	 	
Displacement_inside	 0.35471	 0.50663	 0.700	 0.4838000000000000	 	
Displacement_both	 0.85036	 0.39204	 2.169	 0.0301000000000000	 *	
Revitalization_revitalization	 2.67221	 0.47648	 5.608	 0.0000000204424330	 ***	
Revitalization_education	 3.56090	 0.60062	 5.929	 0.0000000030543190	 ***	
Revitalization_immersion	 4.32536	 0.54786	 7.895	 0.0000000000000029	 ***	
AIC:	630.76	
McFadden’s	R2:	0.361	
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4.1.5 Models	excluding	subsistence	strategy	and	displacement:	3AEHR	and	3AHR	

To obtain more information about the effect of highways in modern-day Native land areas, 
another pair of models were fit to Data Subset 3, which contains data for all languages in the 
continental U.S. with government-recognized land area. Data Subset 6, which was used to fit 
other models that include the highway variable (described in Section 4.1.2), excludes languages 
that have no ethnographic records for subsistence strategy, limiting the number of languages 
available to fit models including the highway variable. Data Subset 3, however, is the largest 
data subset available for models including the highway variable. 

4.1.5.1 Land area, elevation, highways, and language revitalization (3AEHR) 
Model 3AEHR includes four variables: land area at time of contact, elevation range, highway 
presence, and language revitalization efforts. It excludes subsistence strategy and displacement, 
which are the other two data-limited variables. It was tested against Data Subset 3, containing 
177 languages in the continental U.S. that have government-recognized land areas. Hypotheses 
for all variables are the same as those described for other models. As a reminder, it is expected 
that highway presence will be associated with lower language vitality. The model formula is 
presented below. 

Formula: Vitality ~ Area + Elevation + Hwy_presence + Revitalization 

As can be seen in Table 4.12, all variables in Model 3AEHR except elevation are statistically 
significant predictors of language vitality, with larger land areas mildly correlated with higher 
language vitality (coefficient 0.265, p = 0.006) and all levels of the revitalization variable 
showing strong correlations with higher vitality compared to “none” (“revitalization” coefficient 
2.153, p < 0.001; “education” coefficient 2.966, p < 0.001; “immersion” coefficient 3.837, p < 
0.001). Notably, the presence of highways in government-recognized lands is significantly 
correlated with higher language vitality (coefficient 0.916, p = 0.003). 

Table 4.12 Model summary for 3AEHR. 
177	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.26464	 0.09701	 2.728	 0.0063700000000000	 **	
Elevation	 0.01030	 0.00926	 1.112	 0.2660900000000000	 	
Highway_yes	 0.91590	 0.31246	 2.931	 0.0033800000000000	 **	
Revitalization_revitalization	 2.15330	 0.53824	 4.001	 0.0000631756590000	 ***	
Revitalization_education	 2.96636	 0.63742	 4.654	 0.0000032600740000	 ***	
Revitalization_immersion	 3.83656	 0.61755	 6.213	 0.0000000005210000	 ***	
AIC:	558.66	
McFadden’s	R2:	0.435	
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4.1.5.2 Excluding elevation (3AHR) 

Since elevation is not a statistically significant predictor in Model 3AEHR, another model 
excluding elevation was run on the same data subset, Model 3AHR. The formula for Model 
3AHR is presented below. 

Formula: Vitality ~ Area + Hwy_presence + Revitalization 

Model 3AHR has a very slightly lower AIC than Model 3AEHR (557.90 compared to 558.66) 
and negligibly reduced McFadden’s R2 (0.434 from 0.435). There were generally similar 
correlations for the other predictive measures. This suggests that Model 3AHR is a more 
parsimonious and therefore improved model compared to Model 3AEHR. 

Table 4.13 Model summary for 3AHR. 
177	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.29149	 0.09406	 3.099	 0.0019400000000000	 **	
Highway_yes	 0.87655	 0.30952	 2.832	 0.0046300000000000	 **	
Revitalization_revitalization	 2.18953	 0.53835	 4.067	 0.0000476043670000	 ***	
Revitalization_education	 3.03876	 0.63370	 4.795	 0.0000016245190000	 ***	
Revitalization_immersion	 3.82713	 0.61693	 6.203	 0.0000000005520000	 ***	
AIC:	557.90	
McFadden’s	R2:	0.434	

4.1.6 Models	fit	to	all	languages	in	dataset:	1AER	and	1AR	

In the interest of developing a model that would represent all languages in the sample (the 
geographic region of interest in this dissertation), two models were fit to the available variables 
after excluding the three data-limited variables for languages in the continental U.S. and Canada; 
namely, subsistence strategy, highways, and displacement. The remaining three variables—land 
area, elevation range, and language revitalization—were used to build models that could be fit to 
the entire dataset (master language list) of 260 languages. The first model fit to this set contains 
all three of these variables, and the second includes only land area and language revitalization. 

4.1.6.1 Land area, elevation, and language revitalization (1AER) 

Model 1AER includes three variables and was fit to all 260 languages in the sample using Data 
Subset 1. Hypotheses for these variables are the same as for other models. The formula for 
Model 1AER is presented below. 

Formula: Vitality ~ Area + Elevation + Revitalization 

As in other models, historical land area and language revitalization efforts were found to be 
statistically significant predictors of language vitality, with a moderate correlation for land area 
and stronger correlations for the revitalization variable (land area coefficient = 0.592, p < 0.001; 
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“revitalization” coefficient 3.064, p < 0.001; “education” coefficient 4.114, p < 0.001; 
“immersion” coefficient 4.494, p < 0.001). Elevation range is not a statistically significant 
predictor in this model (coefficient -0.004, p = 0.641). 

Table 4.14 Model summary for 1AER. 
260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.592330	 0.080593	 7.350	 0.0000000000001987	 ***	
Elevation	 -0.003823	 0.008189	 -0.467	 0.6410000000000000	 	
Revitalization_revitalization	 3.064098	 0.476372	 6.432	 0.0000000001258103	 ***	
Revitalization_education	 4.114091	 0.548511	 7.500	 0.0000000000000636	 ***	
Revitalization_immersion	 4.494268	 0.524606	 8.567	 <0.0000000000000002	 ***	
AIC:	764.86	
McFadden’s	R2:	0.215	

4.1.6.2 Excluding elevation (1AR) 

Model 1AR was the most minimal model fit to the entire sample of 260 languages. This model 
excludes elevation, as it is not significant in Model 1AER. The hypotheses for the two variables 
included are the same as for other models. The formula for Model 1AR is presented below. 

Formula: Vitality ~ Area + Revitalization 

Model 1AR statistics are similar to those of Model 1AER. The AIC is slightly lower (763.08 
compared to 764.86), and McFadden’s R2 also decreased (0.214 from 0.215). This model is 
preferred over 1AER due to the lack of significance of the elevation variable as a predictor. 

Table 4.15 Model summary for 1AR. 
260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001683	 ***	
Revitalization_revitalization	 3.03216	 0.47066	 6.442	 0.0000000001176670	 ***	
Revitalization_education	 4.06027	 0.53560	 7.581	 0.0000000000000343	 ***	
Revitalization_immersion	 4.46556	 0.52054	 8.579	 <0.0000000000000002	 ***	
AIC:	763.08	
McFadden’s	R2:	0.214	

4.1.6.2.1 Evaluating the effect of language education 

Model 1AR was used to evaluate the effect of each level of the language revitalization efforts 
variable by modifying reference levels. With “revitalization” treated as the reference level, the 
other levels are still statistically significant predictors in this model (“immersion” coefficient 
1.433, p < 0.001; “none” coefficient -3.032, p < 0.001; “education” coefficient 1.028, p = 0.002). 
This indicates that both L2-type language education programs and child-directed language 
immersion programs are correlated with higher vitality compared to other types of language 
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revitalization efforts, which is correlated with higher vitality compared to no language 
revitalization efforts (Table 4.16). With “education” treated as the reference level, language 
immersion is not a statistically significant predictor, indicating that correlations with language 
vitality are similar for child-directed language immersion programs as for L2-type child-directed 
language education programs (Table 4.17). 

Table 4.16 Model summary for Model 1AR with “revitalization” treated as reference level. 

260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001680	 ***	
Revitalization_immersion	 1.43340	 0.30979	 4.627	 0.0000037099518840	 ***	
Revitalization_none	 -3.03216	 0.47066	 -6.442	 0.0000000001176670	 ***	
Revitalization_education	 1.02811	 0.33518	 3.067	 0.0021600000000000	 **	
AIC:	763.08	
McFadden’s	R2:	0.214	

Table 4.17 Model summary for Model 1AR with “education” treated as reference level. 

260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001683	 ***	
Revitalization_revitalization	 -1.02811	 0.33518	 -3.067	 0.0021600000000000	 **	
Revitalization_immersion	 0.40529	 0.34794	 1.165	 0.2440800000000000	

	Revitalization_none	 -4.06027	 0.53560	 -7.581	 0.0000000000000343	 ***	
AIC:	763.08	
McFadden’s	R2:	0.214	

4.2	 MODEL	REVIEW	
Four models were selected from the exploration in Section 4.1, with the goal of providing clear 
information on the effect of each predictor using a model fit to the largest, and therefore likely 
most representative, subset of languages possible. The following criteria were developed to assist 
in selecting four representative models: 

1) All languages: At least one model must be tested against data for all 260 languages in the 
sample. This model must necessarily exclude subsistence strategy as a variable, as well as 
displacement and both highway measures. The remaining variables that models meeting this 
criterion can include are land area, elevation range, and language revitalization efforts. 
Models 1AER and 1AR meet this criteria. While Model 1AR, with only two predictors, fits 
the data better than Model 1AER, which has three predictors, Model 1AER was selected as a 
representative model since it is important to highlight results from at least one model that 
incorporates elevation range without any interaction effects to show this variable’s lack of 
ability to serve as an independent predictor. 

2) All variables in Canada: At least one model must include only those predictors for which 
data is available for Canadian languages, in order to ensure that Canadian languages are 
considered in this study. Only three of the six predictors were coded for Canadian languages; 
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these are land area, elevation and revitalization efforts. The reason for including this criterion 
is that this dissertation aims to explore extralinguistic factors relevant to language vitality in 
North America, defined for this project as the area within the borders of the continental U.S. 
and Canada. These two countries likely have different enough histories, geographies, and 
cultures that building a model using data from only the continental U.S. may limit the 
conclusions that can be drawn. Ideally, all of the models would be tested using data from the 
entire geographic region; however, some of the variables were limited in the scope of their 
data available for this project, as previously discussed. Models 4AESR and 4AE*SR both 
meet this criterion, as they were tested using data from all languages that had ethnographic 
information available for the subsistence strategy variable. Of these, Model 4AE*SR, which 
includes an interaction effect between the elevation range and subsistence strategy variables, 
better fits the data than does Model 4AESR, which is the same but with no interaction 
effects. Model 4AE*SR was therefore chosen to represent this criterion in addition to 
showcasing the impact of including an interaction effect between subsistence strategy and 
elevation range. A summary of Model 4AE*SR’s output can be seen in column 2 of Table 
4.19. 

3) Displacement: Because traditional ecological knowledge and language vitality may be 
intertwined (as discussed in Section 2.2.3), and displacement almost necessarily means 
disconnection from heritage lands, often with an accompanying loss of traditional ecological 
knowledge, at least one model must include the displacement variable to test for its 
correlation with language vitality. As previously discussed, such a model must exclude both 
highway measures in order to test for significance of level 0—the absence of government-
recognized land—in comparison to the other levels of this categorical variable. Models 
5AESDR, 2AEDR, and 2ADR include displacement as a variable. All three models include 
land area and language revitalization efforts. Models 5AESDR and 2ADR contain the 
elevation range variable. Model 5AESDR also includes subsistence strategy (and therefore is 
tested against fewer data points), while 2AEDR and 2ADR do not. Model 2ADR is identical 
to 2AEDR but with the elevation range variable removed. Model 2ADR was selected to 
represent this criterion, as it has the best fit of the three models under consideration (see 
Table 4.18). The summary of the output from this model can be seen in column 3 of Table 
4.19. 

4) Accessibility: To test for the significance of accessibility via road networks on language 
vitality, at least one model must include a measure of highway presence. Several models 
meet this criterion, as models 6AESHR, 6ASHR, 6AE*SHR, 3AEHR, and 3AHR include 
highway presence. Additionally, choosing a model informed by the maximal number of data 
points (177) was given priority, thereby excluding subsistence strategy as a variable. This 
was an acceptable tradeoff since the output from one of the other models highlighted (Model 
4AE*SR) already shows the significance of the subsistence strategy variable, particularly in 
interaction with elevation range. Since elevation range was not shown to be a significant 
predictor on its own, the model version containing the highway presence variable without 
either subsistence strategy or elevation range included was selected. This is Model 3AHR 
and can be seen in column 4 of Table 4.19. 

5) Interaction effects: At least one model must show the significant interaction effects found 
between the subsistence strategy and elevation range variables. Models 6AE*SHR and 



 

 
88 

4AE*SR both suit this criterion. Either could reasonably be chosen as a representative model; 
however, Model 4AE*SR was informed by more data points from both the continental U.S. 
and Canada. Including as many data points as possible across the entire geographic region is 
important to reflect more fully upon the significance of these two interacting variables for 
North America. Model 4AE*SR was also used to represent the “all variables in Canada” 
variable, so it meets multiple criteria. Model 4AE*SR can be seen in column 2 in Table 4.19. 

6) Variable representation: Among the models chosen to represent general model trends, each 
variable must be included in at least one model. Since land area and revitalization efforts 
both turned out to be significant predictors and have data available for all 260 languages, 
these two variables were included in every model that was tested. Therefore, they were also 
included in all four models that were chosen to highlight the overall model trends. Among 
the four models that were highlighted, one focuses on the subsistence strategy variable and 
its interaction with elevation range (Model 4AE*SR), one on displacement (Model 2ADR), 
and one on accessibility via road networks (Model 3AHR). Model 1AER is the simplest 
possible model that includes all three variables that have data for all 260 languages (land area 
at time of contact, elevation range, and revitalization efforts). 

Table 4.18 Twelve models fitted to six data subsets with selection criteria. This is the same table 
as presented in Table 4.2, with the addition of a column for selection criteria (described in detail 
above). Highlighted rows represent the four models selected to portray overall effects. 
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6	 126	 5	 1	 1	 1	 1	 0	 1	 no	 400.08	 0.612	 highway	measure	
6	 126	 4	 1	 0	 1	 1	 0	 1	 no	 400.12	 0.610	 highway	measure	
6	 126	 5	 1	 x	 x	 1	 0	 1	 yes	 388.63	 0.632	 highway	measure	
5	 141	 5	 1	 1	 1	 0	 1	 1	 no	 444.68	 0.569	 displacement	
4	 171	 4	 1	 1	 1	 0	 0	 1	 no	 540.84	 0.461	 all	variables	in	Canada	
4	 171	 4	 1	 x	 x	 0	 0	 1	 yes	 515.32	 0.496	 all	variables	in	Canada	
3	 177	 4	 1	 1	 0	 1	 0	 1	 no	 558.66	 0.435	 highway	measure	
3	 177	 3	 1	 0	 0	 1	 0	 1	 no	 557.90	 0.434	 highway	measure	
2	 220	 4	 1	 1	 0	 0	 1	 1	 no	 632.36	 0.361	 displacement	
2	 220	 3	 1	 0	 0	 0	 1	 1	 no	 630.76	 0.361	 displacement	
1	 260	 3	 1	 1	 0	 0	 0	 1	 no	 764.86	 0.215	 all	languages	
1	 260	 2	 1	 0	 0	 0	 0	 1	 no	 763.08	 0.214	 all	languages	

In general, models that had better fit (i.e., lower AIC than other models tested against the same 
observations, higher McFadden’s R2, and cleaner QQ- and residual plots) were prioritized over 
those that had worse fit for each criterion; however, in the case of Criterion #1, the model with 
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the worse fit (which was Model 1AER, in comparison to Model 1AR) was selected as a 
representation because it could simultaneously address Criterion #6. Due to the nature of 
elevation range not showing statistical significance as a predictor without interaction effects, 
Criterion #6 cannot be met by a model that has better fit than others that meet the same criteria. 
The other three models that were selected to represent the set of criteria showed the best model 
fit compared to other similar models. In addition, models that included more observations were 
generally preferred. 

Table 4.19 Four representative models: log odds coefficients, p-values (represented by asterisks), 
and number of observations for the top four selected representative models. This table was 
created with help from the ‘stargazer’ package version 5.2.2 in R 3.6.1. The ‘stargazer’ package 
uses the following representational system: *p<0.1; **p<0.05; ***p<0.01. 

Model:	 1AER	 4AE*SR	 2ADR	 3AHR	
Land	area	 0.592***	 0.722***	 0.420***	 0.291***	
Elevation	range	 -0.004	 0.175***	 	 		
Subsistence:	Hunting	 	 5.871***	 	 		
Subsistence:	Gathering	 	 7.264***	 	 		
Subsistence:	Fishing	 	 4.666***	 	 		
Subsistence:	Mixed	 	 4.958***	 	 		
Displacement:	outside	 	 	 0.352	 		
Displacement:	inside	 	 	 0.355	 		
Displacement:	both	 	 	 0.850**	 		
Highway	presence	 	 	 	 0.877***	
Revitalization:	revitalization	 3.064***	 2.964***	 2.672***	 2.190***	
Revitalization:	education	 4.114***	 3.739***	 3.561***	 3.039***	
Revitalization:	immersion	 4.494***	 4.277***	 4.325***	 3.827***	
Elevation	range	x	Subsistence:	Hunting	 	 -0.204***	 	 		
Elevation	range	x	Subsistence:	Gathering	 	 -0.235***	 	 		
Elevation	range	x	Subsistence:	Fishing	 	 -0.187***	 	 		
Elevation	range	x	Subsistence:	Mixed	 	 -0.191***	 	 		
Observations	 260	 171	 220	 177	

*p<0.1;	**p<0.05;	***p<0.01	
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CHAPTER	5. DISCUSSION	
This chapter discusses and interprets the findings presented in Chapter 4. The possible 
interpretations of statistically significant correlations are discussed for each of the six variables 
included in the ordinal regression models. Suggestions for future research are also made based 
on questions that arise as an outcome of this work. 

5.1	 DISCUSSION	OF	FACTORS	RELATED	TO	LANGUAGE	VITALITY	
Six factors were examined for statistically significant correlations with language vitality in a 
series of ordinal regression models using six subsets of Indigenous languages of the continental 
U.S. and Canada. Due to the incomplete nature of the data, multiple models were developed in 
order to make full use of the available data. The previous chapter presented statistical summaries 
of the correlations with language vitality for each predictor. Interpretations of these findings are 
presented in the subsections that follow. 

5.1.1 Historical	land	area	
In every model examined, land area at time of European contact came up as a statistically 
significant predictor of modern-day language vitality, with larger historical land areas being 
correlated with higher vitality levels according to the Language Endangerment Index (LEI). The 
effect size is not as large as that of language revitalization efforts and is larger in models that 
include an interaction between subsistence strategy and elevation range. The results for the 
historical land area variable therefore suggest a moderate shift in language vitality in relationship 
to historical land size. 

5.1.1.1 Interpretations 

The results for this variable are consistent with one of Amano et al.’s (2014) main findings 
looking at a global set of 649 languages: that geographic range size, which is an approximately 
equivalent term for what is referred to in this dissertation as historical land area but measured 
more recently using a different set of data, is a predictor of what the authors refer to as “language 
extinction risk.” “Language extinction risk” was measured as a function of speaker growth rate, 
reflecting the change in number of speakers over three points in time between 1949 and 2005, 
and mostly between 1978 and 2000 (Amano et al. 2014). The Index of Linguistic Diversity 
(ILD) database (Harmon & Loh 2010), supplemented by the 16th version of Ethnologue, was 
used as a source of data for speaker growth rates, and geographic ranges were measured using 
polygons from Ethnologue’s now-proprietary World Language Mapping System (WLMS) data 
(Global Mapping International 2010). The authors found that smaller geographic ranges are 
associated with a higher “language extinction risk,” which is in many cases likely tied to 
language loss and language shift. Amano et al. (2014) quantified and defined these variables 
slightly differently than did the present dissertation; however, on a broader conceptual level, this 
represents a similar finding. The present dissertation generally supports Amano et al.’s results for 
this variable using a different set of languages in the context of North America. 
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It is possible that languages with larger historical geographic ranges might tend to represent 
spread zones (see Sections 2.7 and 2.8), or languages with greater regional political and/or 
economic influence compared to other Indigenous languages at the time of European contact. 
This imbalance created a set of conditions that may have influenced language vitality today. 
Larger language areas may have come about through political or military force, possibly through 
the development of agriculture and other technologies that enabled population expansion. Larger 
populations may have required greater land areas and/or more natural resources to feed and 
house these populations, and could, through a positive feedback loop of feeding enough of the 
population to allow for specialized jobs including military careers and weapons production, 
facilitate the forceful acquisition and/or protection of land. Historically larger speaker numbers 
and regional prestige may have helped language vitality in a way that continues through today. 
However, larger land areas does not always mean more speakers, as populations can be dense or 
widely dispersed. The amount of land that a language area covers is a quantitative measure that 
does not take into consideration the climate or ecology of that land, whether it has ample 
freshwater resources, sunlight, or an abundance of nourishing and life-sustaining flora and fauna. 
It is possible that in some places, agriculture developed in response to a relative paucity, whereas 
places of natural abundance could better sustain a diversity of small human populations that may 
not have needed to invent or borrow agricultural techniques for their subsistence. 

	
Figure 5.1 Geographic data visualization of land areas at time of European contact shaded 
according to language vitality (more green = higher vitality, white = not listed in ELCat, beige 
= language areas not in dataset) using the North America Albers Equal Area Conic projection, 
ESRI: 102008. While there are some small dark green areas and some medium-to-large light 
green areas, many of the larger areas are medium to dark green, and many of the smaller areas 
are light green or white. Most notably, none of the larger areas are white. 

A geographic visualization of the data for this variable and for the dependent measure was 
created to assist with interpretation of the results. Figure 5.1 shows the distribution of modern-
day language vitality for historical land area polygons in an equal area projection, North America 
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Albers Equal Area Conic. An equal area projection is a method of displaying three-dimensional, 
geographically encoded information on a two-dimensional canvas while retaining the 
consistency of real-world area measures at different latitudes. Many other global and regional 
map projections are stretched horizontally at the poles, resulting in areas that appear relatively 
larger than they are in reality compared to those closer to the equator. An equal-area projection is 
prevents such visual bias. Figure 5.2 and Figure 5.3 show the same geographic information as 
Figure 5.1 but zoomed in on particular regions with language labels added. In the figures, it is 
apparent that Cree language varieties (Atikamekw [atj], East Cree [crl], Montagnais [moe], 
Naskapi [nsk], Plains Cree [crk], Swampy Cree [csw], Woods Cree [cwd]) are mostly large and 
dark green, as are both Eastern and Western Canadian Inuktitut ([ike] and [ikt], respectively) and 
some Ojibwan language varieties—which include Algonquin [alq], Central Southern Ojibwa 
[ciw], Eastern Ojibwa [ojg], Ottawa [otw], Salteaux [ojw], and Severn Ojibwa [ojs]—as well. 
Languages like Ojibwan and Cree varieties may further have fared better than others due to their 
history of fur trade with French Canadians starting in the 1600’s: “The French mode of 
settlement was for Indians in many ways preferable to that of the British and the Spanish. Instead 
of following a pattern of conquest, subjugation, settlement, and displacement, the French, 
preferring to trade rather than to settle, were much more inclined to adapt to the new country and 
its inhabitants” (Treuer 2019). This relates to Anonby and Eberhardt’s (2016) argument that 
settler colonialism has more of a negative impact on language vitality than does trade type 
colonialism. 

	
Figure 5.2 Geographic data visualization of land areas at time of European contact shaded 
according to language vitality (more green = higher vitality, beige = no data or outside of 
geographic range) using the North America Albers Equal Area Conic projection, ESRI: 102008, 
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focusing on the historical geographic area which is currently the Great Lakes region of North 
America. 

In contrast to the aforementioned higher vitality languages with large historical land areas, 
languages with historical land areas along the Pacific and Atlantic coasts of the continental U.S. 
tend to be smaller and have extremely low vitality, with the exception of Central Alaskan Yupik 
[esu], which is located along the Pacific coast of Alaska and has relatively high language vitality. 
The relatively low vitality otherwise generally seen along the coasts may be due at least in part to 
their being points of early contact with European colonial settlers. 

The only languages that have vitality ratings of “0 – not listed in ELCat” (i.e. white in Figure 5.1, 
Figure 5.2, and Figure 5.3) had small historical geographic areas, and languages with higher 
vitality (the dark and medium green areas in these same figures) tend to have been larger in area 
than those with lower vitality (i.e., the light green ones). Exceptions to the latter include Navajo 
[nav] (the dark green area in the southwestern U.S.), Choctaw [cho], and Tohono 
O’odham/Akimel O’odham [ood]. These are areas with relatively high vitality (levels 6 and 7) 
but relatively small historical land sizes. These exceptions may be due to the languages being 
used by Native American tribes and nations with longer histories of land sovereignty, especially 
in the Southwest (Treuer 2019). 
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Figure 5.3 Geographic data visualization of land areas at time of European contact shaded 
according to language vitality (more green = higher vitality, beige = no data or outside of 
geographic range) using the North America Albers Equal Area Conic projection, ESRI: 102008, 
focusing on the historical geographic area that includes [ood], [nav], and [cho]. 

5.1.1.2 Challenges with language mapping 

It is worth noting that non-overlapping polygons are not a perfect representation of the historical 
geographic regions in which languages were commonly spoken. Some considerations that 
complicate this representation are that multilingual speakers exist, people may often travel across 
what are depicted as language boundary lines, some regions may contain speakers from multiple 
language backgrounds, and land can be contested. However, in many parts of North America at 
the times represented by this polygon dataset, there may have been more free movement of 
populations than a literal interpretation of the language area polygons would imply. These 
boundaries were estimated based on the best available historical information, but they may not 
necessarily represent an exact midpoint where, for example, people would speak 50% of one 
language and 50% of another if they met on a boundary line. For the purposes of this study, it is 
assumed that these imprecisions in measurement would not significantly impact the model fit 
given the relatively large number of languages included in the sample; however, future studies 
may consider other options for coding data for this variable, as discussed in Section 5.1.1.3. 

It should also be noted that land area does not necessarily correlate with population size or 
distribution. Some of the polygons in this dataset may span across areas that were not heavily or 
uniformly occupied by people, while other polygons may represent land areas that were more 
densely populated. It is unclear whether and how these imprecisions in measurement may have 
affected the model fit, but distinguishing which land people related to for which purposes (i.e., 
food procurement, travel, housing, etc.) could help with the specificity of measures such as 
elevation (as discussed in Section 5.1.2.2) and impart additional cultural lenses onto geographic 
studies of language endangerment. 
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5.1.1.3 Future directions 

These findings lend further support for decisions to include land area as a geographic predictor in 
future multivariable models of language vitality. Future studies can also look into the causal 
cascade(s) that would explain why land area is a statistically significant predictor, which may 
help to illuminate other relevant variables. For example, perhaps the geographic ranges of 
languages are determined in part by natural resource availability or biome. Building this type of 
networked understanding of the multiple interactions and pathways between variables would 
contribute to further developing a language vitality science like that called for by Mufwene 
(2017). 

Future iterations of datasets such as the one used for this variable can consider other ways of 
representing the connections between languages and geographic locations. For example, one 
could use the language(s) of place names to identify language areas, as done by Krauss, Holton, 
Kerr, and West in their “Indigenous Peoples and Languages of Alaska” map (Krauss et al. 2011). 
Another possibility is to employ overlapping buffer zones in a GIS to represent multilingual 
areas and translanguaging (Dave Olsen, personal communication, 2022). A third possibility 
might be to draw from oral histories that describe people’s relationships with different parts of 
the landscape. These possibilities are not mutually exclusive or exhaustive. 

5.1.2 Elevation	

5.1.2.1 Findings 

Elevation range was not a statistically significant predictor of language vitality in models without 
an interaction effect; however, when including an interaction effect with the subsistence strategy 
variable, elevation range became a statistically significant predictor. The results of models 
6AE*SHR and 4AE*SR indicate that larger elevation ranges are correlated with higher language 
vitality for traditionally agricultural ethnolinguistic groups, but not for primarily hunting, 
gathering, fishing, or mixed subsistence groups. For non-agricultural groups, an increase in 
elevation range is associated with a similar or slightly lower language vitality level. 

5.1.2.2 Interpretations 

The expected effect (discussed in Section 2.8.2)—that historical land areas with greater elevation 
ranges would generally represent areas with more rugged or mountainous terrain and therefore 
also be correlated with higher language vitality—was observed for agricultural societies but not 
hunter-gatherer ones. The reason for this is not entirely clear; however, considering the particular 
histories of the languages in the geographic regions under consideration can help elucidate 
possibilities. Several of the agricultural languages historically clustered together in what is now 
the southwestern United States—Navajo, Hopi, Zuni, Acoma, Eastern Keres, Southern Tiwa, Rio 
Grande Tewa, Taos, and Towa—have relatively high language vitality levels and are also 
situated in a geographic area with greater elevation ranges (see Figure 5.4, Figure 5.5, and Table 
5.1). Most of these are languages of Pueblo communities, and the other is Navajo, all of which 
have relatively high language vitality. Pueblo villages are much like fortresses in that they are 
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built of sturdy materials that could withstand attempted invasion from other neighboring groups 
before the arrival of Europeans. Being in areas with more variation in elevation may have 
provided greater protection due to longer-distance vision (and therefore having more time to 
prepare for an approaching attack), and having developed agricultural practices would have 
allowed for social structures with greater variation and specialization of jobs. This could provide 
a level of relative self-sufficiency within communities that other subsistence strategies do not, as 
foraging for food may make populations more vulnerable. For example, foragers would typically 
need to leave the fortress area and travel in smaller groups, which would them more vulnerable 
to attack. In addition, the large-scale environmental modification that ensued in the centuries 
following European colonial expansion may have made it significantly harder for hunter-
gatherers to acquire food via traditional means. The Puebloan and Navajo language communities 
have remained in approximately the same geographic areas as they were in at the time of 
European contact, and Pueblo communities especially have continued to practice their cultural 
traditions in relative isolation, having secured legal protection relatively early. This continuity of 
connection with the land, cultural practices, and community has likely facilitated 
intergenerational language transmission, as noted in Sims 2006: “Their right to self-governance 
and the maintenance of Indigenous governance systems, in particular, has afforded Pueblo 
communities the protection of their social structures, thereby permitting a high degree of 
‘cultural resilience’ (Blum Martinez 2000).” 

Cherokee [chr] additionally has relatively high language vitality and historical land area in a 
mountainous region (i.e., Appalachia). In contrast to the agricultural languages of the southwest, 
the Cherokee were forcibly removed from their land and relocated to a flatter geographic region. 
In this case, language vitality may be linked to having a relatively large amount of modern-day 
protected land, in addition to an agricultural history that helped their ancestors to flourish. 

Choctaw stands out in contrast to the trend of greater elevation ranges being associated with 
higher vitality for agricultural languages, since Choctaw has level 6 language vitality and the 
third lowest historical elevation range of all languages in the dataset that were coded as having 
traditional agricultural practices. Choctaw’s relatively high language vitality may be partly 
related to Choctaw ancestors’ likely involvement in the Mississippian Cultural Complex 
(Mochon 1972), which was an agricultural civilization with complex chiefdoms that existed in 
pre-Columbian North America from around 1000 to 1500 AD (Cobb 2003). Or, it could be 
related to more recent historical events that may have favored conservation of the Choctaw 
language. 
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Figure 5.4 Geographic data visualization of 32 agricultural societies shown as polygons 
representing land areas at time of European contact, with a semitransparent digital elevation 
model (3DEP) superimposed on top. More green represents higher language vitality. It is clear 
from this figure that Navajo, which has the highest language vitality in the dataset (7 – 
vulnerable), also has traditional land situated in an area with more rugged terrain. 

 

	
Figure 5.5 Geographic data visualization of agricultural languages in the southwestern United 
States with digital elevation model (3DEP) superimposed. Darker green shading indicates 
higher vitality. 
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Table 5.1 Languages of traditionally agricultural societies organized by the square root of 
elevation range. The set on the left (with higher elevation ranges) contains no languages with 
vitality level 0 and only one language with vitality level 1, whereas the set on the right (with 
lower elevation ranges) contains multiple languages with vitality levels 0 and 1. 
Language	
Name	

ISO	 Elevation	
Range	(sqrt)	

Vitality	 	 Language	
Name	

ISO	 Elevation	
Range	(sqrt)	

Vitalit
y	

Navajo	 nav	 51.10	 7	 	 Timucua/Tawasa	 tjm	 26.19	 0	
Southern	Tiwa	 tix	 47.05	 4	 	 Quechan	 yum	 25.71	 2	
Rio	Grande	Tewa	 tew	 46.08	 4	 	 Unami	Delaware	 unm	 25.40	 1	
Eastern	Keres	 kee	 44.29	 4	 	 Wichita	 wic	 24.56	 1	
Tipai/Ipai	 dih	 43.98	 3	 	 Seneca	 see	 24.54	 2	
Taos	 twf	 43.20	 4	 	 Mandan	 mhq	 23.09	 1	
Cherokee	 chr	 41.86	 5	 	 Yuchi	 yuc	 22.41	 2	
Hopi	 hop	 38.39	 5	 	 Hidatsa	 hid	 22.07	 2	
Towa	 tow	 37.56	 5	 	 Miami	 mia	 20.47	 1	
Mojave	 mov	 36.50	 2	 	 Chickasaw	 cic	 19.21	 4	
Catawba	 chc	 35.17	 1	 	 Huron	 wya	 18.19	 0	
Acoma	 kjq	 34.48	 5	 	 Arikara	 ari	 16.12	 2	
Creek	 mus	 34.38	 3	 	 Kickapoo	 kic	 14.87	 5	
Zuni	 zun	 33.53	 5	 	 Choctaw	 cho	 14.18	 6	
Caddo/Yatasi	 cad	 27.42	 2	 	 Natchez	 ncz	 12.57	 1	
Pawnee	 paw	 27.31	 2	 	 Chitimacha	 ctm	 6.08	 1	

5.1.2.3 Future directions 

It is important to note that elevation range is only one way of operationalizing the quantification 
or categorization of geographic terrain. Other methods of measuring terrain could be to look for 
the presence or absence of mountains and other geological features within an area, to measure an 
area’s average elevation, or to more precisely pinpoint the locations of where people live(d), 
historically or in the present, and evaluate terrain from there. As discussed in Section 5.1.1.2, the 
elevation range measure used in this study does not encapsulate where specifically within each 
historical language area users of Indigenous languages primarily resided, hunted, farmed, etc. 
Such a measure was considered, but acquiring this information would require more extensive 
study, and much of the knowledge as to historical population centers may be lost or difficult to 
obtain. If such data are available, one could determine from that information whether the specific 
areas that people historically inhabited are in rugged or mountainous terrain and consider that 
type of measurement as a predictor instead. Further, one could measure ruggedness of terrain 
rather than elevation using a measure such as average slope or terrain ruggedness index (Shawn 
Riley, DeGloria & Robert Elliot 1999). In addition, since the effect of elevation or terrain may be 
due in part to accessibility (see Section 2.8.2), measures of navigability of terrain could be 
considered as other ways of conceptualizing this variable. 
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5.1.3 Subsistence	strategy	

5.1.3.1 Findings 

In some of the models that include subsistence strategy as a variable and agriculture treated as 
the reference level, fishing is a statistically significant predictor for a reduction in language 
vitality. That is, languages with a historical agricultural economy are likely to have higher 
modern-day vitality than those with a historical fishing economy. However, in models that 
include an interaction between subsistence strategy and elevation range, with agriculture as the 
reference level, the effect of fishing either disappears (e.g., in Model 6AE*SHR) or is a 
significant predictor but does not stand out in relation to other non-agricultural subsistence 
economy types in its predictions (i.e., in Model 4AE*SR). In the latter case, languages with non-
agricultural historical subsistence economies tend to have similar or higher vitality in association 
with lower historical elevation ranges, but this observation is not as strong as the opposite 
correlation is for agriculture, as can be seen in Figure 4.3 and Figure 4.4. 

	
Figure 5.6 Geographic data visualization of historical land areas for cultures with historical 
fishing practices, identified by ISO 639-3 language codes. Darker shades of green indicate 
higher modern-day language vitality. For further context, a geographic data visualization 
showing historical subsistence economies in correspondence with the historical language areas 
dataset in used in this dissertation is presented in Figure 3.4. 

5.1.3.2 Interpretations 

The significant reduction in vitality for languages with a fishing economy compared to an 
agricultural economy may reflect a protective effect of agriculture rather than a risk of fishing. 
However, fishing may stand out more than other non-agricultural subsistence economies due to 
one or more external variable(s) not accounted for in the models. For example, ethnolinguistic 
groups located near the coast or other major body of water are more likely to have fishing 
strategies, and a location near the coast may have also made them more vulnerable to early and 
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severe impacts of settler colonialism, e.g. with the impact of California missions. This dataset, 
however, is missing subsistence information for a number of Indigenous languages that were 
used in areas where the first California missions were established. Future research could look 
more deeply into historical records to fill in data for this variable. Interpretations of the 
interaction effect are discussed in Section 5.1.2.2. 

	
Figure 5.7 Historical land areas for languages with fishing economies along the northern 
Pacific coast. Note that some coastal communities, such as areas that are now parts of central 
and southern California, have missing data for this variable. Their absence on this graphic does 
not indicate that they did not also have fishing practices. 

Another consideration is that, for the purposes of this project, a single category for subsistence 
economy was chosen for each language based on the data available in the Binford Hunter-
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Gatherer dataset and the Ethnographic Atlas and the criteria outlined in Section 3.2.3.2. 
However, for many languages, there was a variety of types of subsistence that were practiced 
either simultaneously in the same community or to varying degrees in different communities 
speaking the same language. Usually, in cases where there were differences between the 
Ethnographic Atlas and Binford classifications for a given ISO code, the differences were 
between Hunting, Gathering, Fishing, and sometimes Mixed economies. An exception to this 
was for Havasupai-Walapai-Yavapai, which was coded as having an agricultural economy for 
some observations in the Ethnographic Atlas, a gathering economy in others, and a gathering 
economy in all observations in the Binford Hunter-Gatherer database. Both sets of observations 
documented in both sources were made in 1870. 

5.1.3.3 Future directions 

Many of the ethnographic observations that were the source of data for this variable were made 
after the time of first contact with Europeans represented by the language area polygons used for 
the historical land area and elevation range variables. All of the observations were made after 
first contact with Europeans on the continent, which was the beginning of widespread disease 
that transformed cultures and landscapes (Denevan 2016). Ideally, the subsistence strategy 
categories used in this dissertation would represent those that were practiced before this major 
shift, particularly as the languages in question developed along with cultures and in relation to 
local ecologies. Future studies could consider other methods of coding subsistence economies, 
which would require more in-depth research, such as confirming suspected connections between 
past and present cultures through connecting archaeological data with modern-day languages and 
communities. For example, the Mississippian cultural complex (mentioned in Section 5.1.2.2) 
that existed through the 1500’s in what is now much of the southeastern United States had 
agricultural practices that may not have been coded for all of the ethnolinguistic groups that 
descended from inhabitants of that region. Mochon (1972) presented lexico-reconstruction as one 
plausible method of connecting languages with past historical cultures. 

Subsistence strategy was selected as a factor to investigate in this study because it functions as a 
connector between the natural ecology of a place and the culture(s) that develop in and around 
that place. Subsistence strategy requires both natural resources and humans to interact culturally 
with those resources. Therefore, future studies that wish to separate low-level geographic factors 
such as biome and availability of resources from higher-level cultural ones could do so using 
causal statistics, which involves examining the statistical correlations between multiple variables 
to make causal inferences. 

5.1.4 Historical	displacement	

5.1.4.1 Findings 

The displacement predictor came up as having a statistically significant correlation with 
language vitality in the “both” level compared to the “none” level in Models 2AEDR and 2ADR, 
with languages that have government-recognized land areas both within and outside of the 
historical language area polygons having generally higher vitality levels than languages with no 
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government-recognized land area at all. There are two main ways in which a language would be 
categorized as “both” for this predictor: 1) in some cases, modern-day reservations cut across 
where the historical language area boundaries were (as approximated in Haynie and Gavin’s 
dataset), and 2) there are multiple modern-day U.S. government-recognized Native land areas 
that correspond with the same ISO code and overlap different historical language areas on the 
map. The other two levels, having government-recognized land area either within only or only 
outside of the traditional land areas, also suggest that having some government-recognized land 
is protective, but these tendencies did not show a statistically significant correlation compared to 
“none.” 

5.1.4.2 Interpretations 

One possible reason for this finding is that languages that have government-recognized land 
areas both within and outside of the historical areas may have access to a cumulatively larger 
amount of land, which could be a benefit in and of itself. If historical land area is significant, and 
geographic range (or land size) has been shown to be a predictor of language vitality on a global 
level (Amano et al. 2014), then modern-day land sizes could also be correlated with language 
vitality. A follow-up study could measure the cumulative area of land per language and include 
this as a predictor in future models. Another consideration for future projects could be to code 
this variable in terms of the largest amount of contiguous land by language for modern-day 
government-recognized land areas, since more contiguous land might improve opportunities for 
social cohesion and connection.  

It is important to note that the location and amount of government-recognized land for each 
Indigenous language does not necessarily reflect where people live, as many people with Native 
American heritage live in urban areas, off of the reservations. However, this may not be an issue 
for the model, as having access to a government-recognized “homeland” of sorts may provide 
language vitality advantages despite where the majority of people from a given ethnolinguistic 
group live. There also may have been historical displacement that happened prior to the dates 
represented by the Haynie & Gavin polygons, such as Plains tribes being pushed west or 
Caddoan-speaking peoples who left their settlements. 

The displacement categorization that emerged from the coding process used for this variable was 
surprising for some languages, such as Cherokee. Due to the well known displacement of 
Cherokee people from their homeland on the Trail of Tears, Cherokee might seem to be a 
canonical example of a group that was fully displaced; however, the coding method led to a 
categorization of “both” for this language. This is likely because some Cherokee people stayed in 
their homelands or moved back and later gained land rights in a part of their ancestral area. This 
does not necessarily negate the findings for the displacement variable but is important to note 
that, due to the nature of coding using these overlapping polygons, canonical examples of groups 
experiencing historical displacement may not represented in expected ways. Another possible 
method of coding this variable rather than looking at overlapping polygons could be to 
investigate the displacement history of each ethnolinguistic group and create a categorical coding 
scheme based on that. 
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5.1.5 Accessibility	via	road	networks	

5.1.5.1 Findings 

The presence or absence of highways in government-recognized Native land areas in the 
continental U.S. was found to be a statistically significant predictor of language vitality in two of 
the twelve models (3AEHR and 3AHR), indicating an increase in vitality for languages that have 
government-recognized lands with highways in them. 

5.1.5.2 Interpretations 

The findings for this variable show an association with language vitality in the opposite direction 
of the one predicted (see Section 2.8.5). The results suggest that rather than inaccessibility via 
highways playing a protective role, the presence of highways is either protective itself or 
associated with another protective factor (or both). One possible explanation could be that areas 
with more land may be more likely to have one or more highways running through them, and 
areas with more land may also be associated with more politically powerful groups or 
communities with more (potential) speakers. Another possibility is that the presence of highways 
in government-recognized Native land areas may increase language vitality within families and 
communities that have members living off of the reservation, as many Indigenous people in the 
U.S. today live in urban areas. For these communities, maintaining a connection between those 
living and working on and off of the reservation may facilitate language maintenance (Jaeger 
Slaughter, personal communication, 2022). 

5.1.5.3 Future directions 

While this measure of accessibility via road networks (i.e., highway presence) did turn out to be 
a statistically significant predictor of language vitality in at least one model, the reasons for this 
are not entirely known. There are many different ways of parameterizing accessibility, and future 
work could investigate whether another measure might yield a different result. For example, a 
categorical variable that includes more levels for accessibility using different types of roads 
could be tested. Other measures of accessibility that may be relevant to language vitality could 
take into account the presence of rugged, difficult-to-navigate terrain, or measure travel distance 
or time to the nearest trade center or other point of interest. Islands and areas that cannot be 
readily accessed by roads, such as communities in Alaska where the primary means of 
transportation to outside areas is by plane (Gary Holton, personal communication, 2021), could 
particularly benefit from an accessibility measure that integrates travel time. 

Perhaps another variable to consider that goes deeper than accessibility is connection. While in 
some ways the result of the accessibility variable was surprising, the reason underlying it may be 
connection. In places where less accessibility is correlated with higher language vitality, this may 
be because of the connections fostered between members of a community that do not have as 
much access to those outside (and vice versa). However, for these findings, due to the nature of 
modern population demographs, highways and accessibility may actually foster connection with 
relatives and land that leads to—or is correlated with—higher language vitality. 
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Another issue complicating the use of highway presence as a measure of accessibility is that in 
the reservations database, land areas with multiple languages in them had their entire areas 
counted for the road density measurement for each language, so that these area measurements 
were duplicated for as many languages were in each. Therefore, the measure that was used does 
not reflect any potential differences between Native land areas in relationship to their diverse 
ethnolinguistic histories, for example whether the area has been markedly multilingual, with 
multiple Indigenous languages connected with the community. A clear example of this would be 
the Siletz Reservation in modern-day Oregon, for which at least ten languages are referred to as 
ancestrally spoken by tribal members on their website (http://www.ctsi.nsn.us), or whether there 
has been one primary Indigenous language used among its inhabitants (e.g., Navajo Nation 
Reservation). Indigenous language plurality or multilingualism within communities may also be 
a relevant predictor of language vitality to investigate in future models and could be encoded 
categorically. 

5.1.6 Language	revitalization	efforts	

5.1.6.1 Findings 

The results showed the presence of language revitalization efforts to be a statistically significant 
predictor of language vitality in every model. In particular, child-directed immersion programs 
were shown to have the strongest positive correlation with language vitality, followed by child-
directed second language or bilingual education programs. Both of these were more strongly 
predictive of language vitality than the wider category of there having been evidence of any kind 
of community-driven language revitalization effort. All three levels predict vitality compared to 
no evidence of language revitalization, and there is a statistically significant difference in 
predictive value between the “revitalization” (evidence of any kind of community-driven 
language revitalization effort) and “education” (evidence of community-driven second language-
type language education classes directed toward children) categories but not between 
“education” and “immersion” (evidence of community-driven first language-type language 
education classes directed toward children). 

5.1.6.2 Interpretations 

There are many possible reasons for these findings. One, which is perhaps the most simple and 
straightforward interpretation, is that child-directed language education and immersion programs 
work. That is, they are effective at creating and maintaining speakers and increasing language 
vitality overall. This may be because they promote language use in multiple domains where it 
may not otherwise occur (e.g., in classrooms, on the playground, within families, etc.). Education 
and immersion programs also typically involve the creation of educational materials, which can 
be an opportunity for adult language knowledge holders to apply and reinforce their own skills. 
These materials can then be distributed more broadly, and perhaps shared with others outside of 
the school context, once they exist, further promoting or facilitating language use in expanded 
domains. Since children learning a language is the most essential component of that language 
continuing from one generation to the next, when intergenerational transmission in the 
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family/home domain is disrupted, educational programs directed at children can attempt to fill at 
least some of this space. 

It is possible that part of the significance of this finding may be due to the difficulty in separating 
out the language education and immersion levels of this variable from the dependent measure in 
that education programs can create a new domain of use, which is a factor in currently available 
language vitality measures and therefore definitionally related. However, there are multiple 
factors included in the LEI, and education is only one aspect of one of them. Further, the 
revitalization level of this variable also showed a strong positive correlation with higher 
language vitality. A future model could use a version of the revitalization predictor that leaves 
the educational domain out of the equation to better illustrate the impact of sustained Indigenous 
language education over time. 

	
Figure 5.8 Distribution of revitalization types by language vitality rating. Revitalization 
categories are shown in different colors on a stacked bar chart with each bar representing 
number of languages for each vitality level according to the LEI. 

In addition to this more straightforward interpretation, these correlations could further be 
reflective of different stages in the language revitalization process, as some revitalization 
programs start small and later expand into child-directed language education and immersion 
schools (e.g., Wappo [wao]). With more years of effective language education and/or immersion 
programs in place, the vitality of a language would be expected to increase compared to 
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previously, all else being equal, as young learners of the language grow older and new language 
users are continually created. A future model could use a version of the revitalization predictor 
that integrates time as a component of the measure. Further issues involving time for this 
variable are discussed in Section 5.1.6.2.1. 

It is also possible that the significance of the revitalization variable is influenced by languages 
classified as “0 - not listed in ELCat” (and therefore sleeping) in the dataset, as there were some 
languages that stopped being known decades if not centuries ago that are less likely to have 
revitalization programs built around them due to the paucity of language records (e.g., Adai or 
Susquehannock). Languages that stopped being known more recently may be more likely to be 
reclaimed, as there may be more recent recordings, written grammars, and other documentary 
materials that can be used to assist with the process of reclamation or revitalization (e.g., Miami 
or Eyak, which both became dormant within the last hundred years). This suggests that sleeping 
languages could be classified in different ways, perhaps with levels or as a function of time. As 
can be seen in Figure 5.8, a majority of languages classified as “0 – not listed in ELCat” showed 
no evidence of language revitalization programs in the Internet search process used to create the 
revitalization database. However, there were some languages classified as “0 – not listed in 
ELCat” that did have evidence of revitalization programs of some kind, two of which—Huron 
[wya] and Nooksack [nok]—had evidence of educational programs for children. Meanwhile, 
while there are far fewer languages with higher vitality ratings than lower vitality ones, every 
vitality level 3 and above has a larger proportion of language immersion programs than any other 
category of the revitalization measure (Figure 5.8). Examples of languages with level 6 vitality 
and immersion schools are Montagnais, East Cree, and Naskapi. Future research could look at 
this variable while excluding languages that went dormant before a certain historical cutoff point 
and re-run the analysis to see if the same pattern holds. 

Another way of interpreting these findings is to note that many of the revitalization programs in 
the catch-all category may be highly effective at retaining speakers, but they are drowned out by 
the effect of those that are not. This category included multiple different types of revitalization 
programs and activities, e.g. Where are my Keys?; language-learning apps and dictionaries; 
master-apprentice programs; community center, after school, and summer school programs, etc. 
The coding of this variable was too liberal as to distinguish between different types of 
revitalization programs that did not fit into the “education” or “immersion” category, and future 
research could explore more types of revitalization efforts to determine quantitatively the 
differences between them. 

5.1.6.2.1 Timing of variable measurement 

The dependent measure reflects information from up to the year 2020. Some information in 
ELCat at the time may have come from sources with earlier dates. The language revitalization 
program database used for this dissertation was created in 2021. Therefore, in a few cases, LEI 
rankings might come from a year before a particular language revitalization/immersion/education 
program was implemented. For example, Towa [tow] has a language immersion program that 
was implemented in 2012. Some other languages in the database started new language programs 
as recently as 2019. For example, Tlingit started a new language nest for 3-5-year-olds with a $1 
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million grant in that year (Hohenstatt 2019). Therefore, the interpretation of these results must 
bear in mind that the coding for the revitalization variable only looked at whether a program has 
been attempted or implemented at some time in the past, but does not take into account exactly 
when with regard to the language vitality metric. Homing in on this level of detail regarding the 
timing could improve upon this method in future studies. 
There were two main scenarios in which languages were coded as having immersion programs. 
The first was a situation in which the language has been relatively strong in recent decades 
(compared to other Indigenous languages), having implemented educational and immersion 
programs for children before a break in intergenerational transmission occurred. Examples of 
this are Navajo and Inuit languages. The second would be a situation in which intergenerational 
transmission was completely disrupted for a generation or more, and immersion programs have 
been implemented since, e.g. with Miami or Wampanoag. Whatever factors were at play that 
facilitated the earlier implementation of language education and immersion programs for some 
languages may be instrumental in improving future models. 

5.1.6.2.2 Missing information 

There are many possible reasons why information about language revitalization programs may 
be missing from the database. One possible explanation for missing or conflicting information 
could be that actual or potential language users do not want others to know about their language 
use. Many Indigenous language communities have experienced trauma surrounding the use of 
their languages, and even though many of the most extreme forms of linguistic oppression 
occurred in past times, the residue of those experiences can persist and negatively influence 
people’s desire to openly share information about their language with others. For example, “in 
most Pueblo tribes, tribal languages and cultural practices are closely guarded,” as “historical 
events and experiences” such as “the 16th and 17th century intrusions of Spanish colonial forces” 
“have made an especially long-lasting impact on how Pueblo communities view their language 
and cultures,” resulting in many Pueblo communities “deliberately [keeping] their innermost 
ceremonial life and language well distanced from outside interference” (Sims 2006, pp. 142-
143). While not all communities are able to remain as guarded, people’s willingness to openly 
share information about their language can still be affected by historical trauma. 

Another—and possibly related—reason why information may be missing in the revitalization 
database is that communication about the language happens offline or in private online spaces. 
While there is a wealth of information available on the public Internet, not all knowledge and 
information is shared there, and people still communicate through other channels. This could be 
for the reason explained above (reluctance to share information due to trauma), or perhaps 
simply because community language activists and language users have other channels of 
communication that work for their purposes. 

A third possible reason why information may not be findable in the Internet search is that for 
some languages, communication about the language may happen primarily through the language 
itself, or through another language besides English. Languages that have higher speaker numbers 
and commonly used writing systems may be more likely to fit the former scenario, although this 
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could occur in languages with fewer speakers as well. However, languages like Ohlone that have 
relatively few speakers may be more likely to recruit new language learners using one or more 
languages that are commonly spoken in that geographic area, such as English or Spanish. In 
Quebec, French may commonly be used as a medium for sharing information about Indigenous 
language revitalization. Conversely, information on revitalization efforts for some languages 
could be more readily accessible online due to their connection with grants, programs, 
workshops, and collaborations that facilitate revitalization efforts for multiple languages; or 
because community members have pride in their language and want to share that more widely. 

There may also have been a few cases in which, due to the ten-minute time limit, a language was 
inaccurately coded as not having revitalization activity when further evidence would suggest 
such. Occasionally, a language was found to be listed as extinct in Glottolog and not found in 
ELCat, but there still may have been some recent revitalization activity. An example of this is 
Quiripi, which is also known as Wampano (ISO 639-3: qyp, Glottocode: wamp1250) and often 
called by the name of one of its major dialects, Unquachog and Quinnipiac. There was a 
suggestion found during the ten-minute search period that linguist Claire Bowern may have been 
involved with revitalization work on Quinnipiac, but no more information could readily be found 
within the imposed time limit to confirm community members’ initiation and involvement in the 
work. Therefore, this language was coded as “0 – no evidence of revitalization.” A paper by 
Bowern and Warner that was uncovered after the data had been coded clarified that Bowern had 
indeed volunteered to assist members of the Quinnipiac community in their efforts to revive this 
language (Bowern & Warner 2015). There may have been other situations in which more 
thorough searching would have led to more accurate coding. 

5.1.6.3 Future directions 

Ideally, the status of language revitalization programs would be assessed through up-to-date 
communication, perhaps through phone surveys or Internet-based crowdsourcing, with every 
language community. This would take significant time and resources and could theoretically be 
done by a dedicated group of community language activists and/or linguists that have earned the 
trust and respect of Indigenous language communities. Since revitalization programs grow and 
shrink with shifts in government, funding opportunities, and other events affecting communities, 
the communication channels would need to be kept open to ensure that the database stays 
current. Even then, such a database would likely have gaps due to missing information, but it 
may be an improvement on the one used in this dissertation, since speaking with boots-on-the-
ground language workers in various communities would allow for more current, accurate, and 
detailed information to be incorporated. The database could further categorize revitalization 
strategies into more types based on the length of time that they have been in operation, amount of 
funding received, number and ages of students enrolled, etc. They may also include information 
on the extent of language immersion, perhaps measured in terms of the number of hours exposed 
to and using only the target language each week. 
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5.1.7 Language	vitality	measure	

One additional variable to consider in terms of its impact on the analysis is language vitality, the 
dependent measure. Here, language vitality was measured using a variation on the LEI, which 
combines four factors to make a determination. Another model or set of models may wish to 
explore similar questions using a single (rather than composite) dependent measure, such as 
intergenerational transmission alone. This would have the advantage of being able to build 
cleaner models, since when using a composite measure as the dependent measure, it is not 
entirely clear which aspect or aspects of the dependent measure is influencing the correlation. 
Using a single-factor dependent measure may make the relationships with corresponding 
predictors more clear. 

5.2	 COMPARING	MODEL	PREDICTIONS	WITH	LEI	RANKINGS	
Individual languages were examined for the accuracy of their vitality prediction compared to the 
LEI in Models 1AR, 4AE*SR, 2ADR, and 3AHR by using the ‘predict’ function in R to create 
new columns for model predictions. A table including these predictions along with LEI rankings 
is presented in Appendix E. Geographic data representations of these differences are presented in 
Figure 5.9, Figure 5.10, Figure 5.11, Figure 5.12, Figure 5.14, and Figure 5.15. 

The vitality predictions were consistently accurate for some languages, higher for some, and 
lower for others than their vitality ranking in the LEI (the dependent measure) across all four 
models. For other languages, some models predicted higher vitality and others predicted lower 
vitality than the LEI rankings. General trends and specific examples are discussed in this section. 

5.2.1 Tlingit	
Due to the establishment of a Tlingit language nest in 2019 (Hohenstatt 2019), Tlingit [tli] was 
coded as having an immersion school program. This may be the reason why three of the four 
models overestimated Tlingit’s language vitality, which is “2 – Critically Endangered” (the 
fourth model correctly predicted Tlingit’s vitality level). The model with only two variables, land 
area at time of contact and language revitalization efforts (1AR), and the model that includes 
these two variables plus displacement (2ADR), both predict that Tlingit would have a vitality 
level of “5 – Threatened,” while the model including four variables and an interaction effect 
between elevation range and subsistence strategy (4AE*SR) predicted a vitality level of “3 – 
Severely Endangered.” Future models could improve upon the prediction for such languages by 
integrating a time component into the language revitalization measure, as discussed in Section 
5.1.6.2.1. 

The model that correctly predicted Tlingit’s vitality level, 3AHR, includes the binary highway 
measure in additional to land area at time of contact and language revitalization efforts. It seems 
that, in this case, Tlingit’s having no major highways in U.S. government-recognized land areas 
brought down the language vitality prediction to a level that coincides with the LEI measure 
listed in ELCat. This illustrates some of shortcomings of the highway measure as a measure of 
accessibility. Within the US, the Tlingit occupy an archipelagic region of Southeast Alaska, 
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characterized by numerous islands connected by protected waterways. Boat transportation within 
this region is and long has been relatively easy, in spite of the lack of roads (Gary Holton, 
personal communication, 2022). Thus, while the highway measure helped to give a better model 
fit for Tlingit, the effect may be spurious, not reflecting the true accessibility of this region. 

5.2.2 Choctaw	
A number of languages had model vitality predictions that were two or more levels lower than 
the LEI vitality ranking. For example, all four models predicted a vitality level of 2 for Choctaw 
[cho], but its actual vitality in the LEI is 6. Given that Choctaw was coded as having a language 
education program for children, it seems most likely that the other variable that occurs in all four 
models, land area at time of contact, does not predict vitality as well for Choctaw as it does for 
many other languages. Compared to the other languages in the database with level 6 vitality, 
Choctaw has the smallest total historical land area, and most of these were coded as having 
language education or immersion schools. 
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Figure 5.9 Differences between model prediction and LEI vitality ranking for Model 1AR for 
historical language areas. Gray indicates language vitality predictions that matched the LEI 
ranking. Green indicates a higher vitality than predicted, whereas orange indicates a lower 
vitality than predicted. Darker shades indicate a greater difference in vitality between the model 
prediction and actual vitality. 

	
Figure 5.10 Differences between model prediction and LEI vitality ranking for Model 4AE*SR 
for historical language areas. Gray indicates language vitality predictions that matched the LEI 
ranking. Green indicates a higher vitality than predicted, whereas orange indicates a lower 
vitality than predicted. Darker shades indicate a greater difference in vitality between the model 
prediction and actual vitality. 
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Figure 5.11 Differences between model prediction and LEI vitality ranking for Model 2ADR for 
historical language areas. Gray indicates language vitality predictions that matched the LEI 
ranking. Green indicates a higher vitality than predicted, whereas orange indicates a lower 
vitality than predicted. Darker shades indicate a greater difference in vitality between the model 
prediction and actual vitality. 

	
Figure 5.12 Differences between model prediction and LEI vitality ranking for Model 3AHR for 
historical language areas. Gray indicates language vitality predictions that matched the LEI 
ranking. Green indicates a higher vitality than predicted, whereas orange indicates a lower 
vitality than predicted. Darker shades indicate a greater difference in vitality between the model 
prediction and actual vitality. 
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Figure 5.13 Geographic data visualization of Tlingit historical language area. The dashed black 
line indicates the US-Canada border (to the south and west of the border is Alaska, and to the 
east and southeast is Canada). Red zones indicate US government-recognized Native Land Areas 
where Tlingit is or has been spoken. 

5.2.3 Crow	
Crow [cro] was shown to have a higher language vitality than any of the four models predicted. 
All four models predicted a language vitality level of “2 – Critically endangered,” but the actual 
vitality is “5 – Threatened.” It is possible that this was due to a mis-coding of revitalization 
information due to ambiguous information found during the imposed ten-minute search time 
limit. Crow was coded as having some kind of language revitalization, but it was not entirely 
clear that it fit the criteria for either of the child-directed language education categories.  

It is also possible that other variables not included in these models could help to explain the 
discrepancy. For example, the Crow strategically allied with the U.S. government against their 
common enemies, such as the Lakota Cheyenne, and Arapaho, some of whom had previously 
forced them westward from the lands they had previously inhabited. They had learned to survive 
by adapting to changing environments and did this again with the changes imposed by European-
American settlers, while retaining elements of their own culture (Carter, Chappell & McCleary 
2005). 

Another consideration might be whether the tribe had access to guns and horses when they came 
into contact with European settlers. Treuer notes that French fur traders did not mind arming 
Indians, whereas the English did (Treuer 2019, p. 87), and that many northern Plains Indians 
were among the last to be settled by Europeans, by that time having amassed both horses and 
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guns. “In the Plains in particular, tribes showed supreme adaptability, resourcefulness, and 
creative syncretization. They took what Europeans brought and made it wholly their own…. 
Despite their later losses, the Plains tribes are, quite likely, around today only because they 
fought—armed with guns and mounted on horses—in the eighteenth and nineteenth centuries” 
(Treuer 2019, p. 88). 

	
Figure 5.14 Differences between model prediction and LEI vitality ranking for Model 1AR for 
historical language areas in the present-day southeastern United States. Gray indicates 
language vitality predictions that matched the LEI ranking. Green indicates a higher vitality 
than predicted, whereas orange indicates a lower vitality than predicted. Darker shades indicate 
a greater difference in vitality between the model prediction and actual vitality. Choctaw and 
Osage both stand out as having vitality levels that are much higher and lower, respectively, than 
this model predicted.  

5.2.4 Osage	
Models 1AR and 2ADR do not do well with predicting language vitality for Osage [osa], which 
has a lower language vitality than either of these models predicted. The actual vitality is “1 – 
Sleeping + awakening,” but models 1AR and 2ADR both predicted a vitality level of “5 – 
Threatened”. Model 3AHR does better, predicting a vitality level “2 - Critically endangered,” 
which is only one level higher than the actual vitality. This suggests that highway presence may 
be a helpful predictor of language vitality for Osage, since this variable is present in Model 
3AHR but not Model 1AR or 2ADR. Osage was classified as not having any highways within 
government-recognized land area, and since the presence of a highway is correlated with higher 
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language vitality in this model, the lack of a highway would have brought down Osage’s 
language vitality prediction. However, it is also possible that the better predictive value of Model 
3AHR for this language could be a result of the particular data subset used to fit the model, since 
this was restricted only to languages with U.S. government-recognized land areas in the present 
day. Data for Osage was not available to fit or test Model 4AE*SR. 

5.2.5 Languages	of	the	southwestern	United	States	
As described in Section 5.1.2.2, Indigenous languages of the southwestern United States have 
some notable differences with other language areas that may contribute to higher language 
vitality. Since they only account for about 10% or fewer of languages used to fit each model, the 
model average may tend to veer away from them and they may appear as outliers. Figure 5.15 
shows how several Pueblo languages and Navajo all have higher language vitality than predicted 
in Model 1AR. 

	
Figure 5.15 Difference between Model 1AR language vitality predictions and actual language 
vitality rankings on the LEI. Green indicates a higher vitality than predicted, whereas orange 
indicates lower vitality than predicted. Darker shades indicate a greater difference in vitality 
between the model prediction and actual LEI levels. 

5.2.6 Swampy	Cree	

Swampy Cree [csw] is part of a dialect continuum and was coded as having level 6 language 
vitality, but Model 1AR predicted a vitality level of 2, and Model 4AE*SR predicted a vitality 
level of 3. This may be due to the imperfect mapping between the revitalization variable and the 
dependent measure for language varieties existing on a dialect continuum. Since ELCat does not 
distinguish the vitality of Swampy Cree from other similar Cree language varieties, the same 
vitality measure was applied to all language varieties that could be identified as corresponding to 
the same ELCat entry. However, at the time the master language list was created and used to 
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code both of the newly created databases used in this dissertation analysis, Swampy Cree was 
listed as a distinct language. There was insufficient evidence of child-directed language 
education or immersion programs for Swampy Cree in particular, so this language variety was 
coded as having revitalization efforts but not necessarily language education. We see that the 
vitality prediction for Swampy Cree improves slightly (from level 2 to level 3, when in actuality 
it is a level 6) in Model 4AE*SR, suggesting that the elevation x subsistence variable 
combination may introduce an additional predictive benefit for this language, or simply that the 
smaller dataset increases the likelihood of this language fitting the model better. 

5.3	 ADDITIONAL	POTENTIAL	INFLUENCES	ON	LANGUAGE	VITALITY	
While the models examined here suggest that geography (and culture) do have an influence on 
language vitality, geographic factors are not the only predictors included in the models, and none 
of the models explains more than a portion of the variation in language vitality. That is, there are 
exceptions to the model predictions, and the variables included in this dissertation speak to only 
part of the full picture of what is going on with the vitality of Indigenous languages in North 
America. Language vitality is complex, multifaceted, and multilayered, making it challenging to 
encapsulate in a quantitative model. However, there are insights that may be gained from 
building and fitting quantitative models, such as those discussed in this chapter. In addition, 
future research could consider incorporating other variables that may also have important 
relationships with language vitality. Some of these will be discussed in this section, and the 
discussion here is not meant to be comprehensive. There may be an unlimited number of 
potentially relevant factors. 

In addition to the factors described in Section 2.7.4, other potential influences on language 
vitality exist and may be quantifiable using similar methods and incorporated into future models. 
The results of this dissertation analysis suggest some additional factors that may be relevant to 
consider:  

1) Current land size 
2) Historical population size, as this would define an important aspect of the starting 

conditions for language vitality modeling using other historical variables 
3) Amount of military protection in times of violent conflict, as discussed in Section 5.2.3 

and Section 5.1.2.2 
4) History of boarding schools and forced assimilation, since these practices are known to 

have a hugely detrimental impact on Indigenous communities in many respects, including 
the rapid destruction of patterns of intergenerational language transmission  

5) Years since language education or immersion program began, as discussed in Section 
5.2.1 

There may further be relevant extralinguistic factors not explicitly listed here. For example, 
language ecology factors that may facilitate the creation and continuation of language education 
and immersion schools, such as positive language attitudes, adequate funding, and reliable 
governmental support, including tribal recognition. Having adequate language documentation 
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available that can be used to create educational resources may be another consideration. An 
additional historical ethnographic variable to consider could be linguistic exogamy practices, as 
Gao 2015 found that this was a key factor that impacted intergenerational transmission among 
the Miqie in Yunnan, China. This could be applied to the present day as well, if sociolinguistic 
surveys are made available that would include such information. 

5.4	 THE	COMPLEXITIES	OF	TIME	
One challenge in interpreting the results of this dissertation is that the models were fit to datasets 
that represent different points in time—both from each other and for individual languages within 
some of the datasets. Many variables are staggered in time from each other, in some cases with 
overlap, with a general assumption that historical elevation ranges and land areas overlap in time 
with subsistence strategies documented in historical ethnographies, but that some dates may be 
earlier or later depending on the language. The subsistence strategy variable may also have 
overlapped in time with historical displacement, and all of these may have generally preceded 
but in some cases may have overlapped with the construction of highways passing through what 
were in 2010 recognized by the U.S. census as Native land areas. The language revitalization 
efforts variable generally represents more recent points in time but may overlap with the 
highway and displacement variables as well. Due to the inconsistency of timing within and 
across variables for each language, it is difficult to tell a story about the unfolding of events with 
regard to how these variables combine in any given model to influence vitality. 

Another way of saying this is that the data are not time-aligned in ways that would be ideal for 
fully reflecting causal cascades. A causal cascade is the idea, often represented as a visual 
schematic, that one thing may lead to another, which can lead to another. To represent further 
layers of complexity, additional variables and outcomes may be added. For example, a variable 
X, in combination with another variable Y, can lead to outcome Z; outcome Z, in turn, may lead 
to another outcome C, which is also influenced by two more variables, A and B. Outcome C in 
this case might represent modern-day language vitality, and the variables might represent the 
multiple geographic, historical, cultural, and ecological factors that influenced it to varying 
degrees along the way. 

Six variables that were thought to be potentially related to language vitality were included in this 
study, and several others were not included but may still very well have influenced causal 
cascades. All of the variables that were included represent situations that were or are still in flux, 
and many of them represent different time points from each other and for different languages. 
For example, the land area at time of European contact variable and elevation range at time of 
European contact variable both draw from a dataset that defines “European contact” as beginning 
at different points in time in different places. However, as discussed in Section 3.2.3, there was a 
sharp decline in population numbers, changes in lifestyles and means of subsistence, and a 
burgeoning of wildlife and forest regeneration between the early 1500s and many of the time 
periods represented by the “at time of European contact” variables (Denevan 1992; Denevan 
2016). The subsistence strategy variable also represents a variety of time points, in this case 
between 1560 and 1950, with different times connected to observations for different languages 
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(see Table 3.1). Similarly, data for this variable may have been coded differently were it obtained 
at different times due to the changing nature of this variable—as well as the possibly changing 
conceptualizations of and approaches to coding and understanding this variable. There were 
shortcomings in regard to time as it relates to data for the language revitalization variable as well 
(see Section 5.1.6.2.1).  

One of the reasons for these complexities is that some of these variables may be difficult to 
concretely define or measure retrospectively, since data are either currently unavailable or would 
be time-consuming and labor-intensive to obtain. Further, it is unclear what time slice would be 
most appropriate for each variable were it possible to obtain reasonably accurate and reliable 
information for them all. Whether it is considered preferable to obtain information on geographic 
ranges or subsistence strategies in pre-Columbian times when Indigenous cultures in the 
Americas flourished or later in history depends on the particular research question and perhaps 
on other variables involved. 

It is reasonable to assume that there may be a decay of variable correlation with modern-day 
language vitality over time. For example, geographic ranges in the 1400’s might better predict 
language vitality in the 1500’s than in the present day, as many more variables have since 
become integrated into the story for each language. If there were language vitality data available 
from the 1500’s and land area information from the 1400’s, one could model the influence of 
historical land areas on language vitality toward the beginning of the language losses introduced 
by European colonial history and the introduction of disease. Likewise, it is possible that more 
recent data for some of these historical variables—such as land area or subsistence practices 
reimagined in a modern way—may result in a better model fit in models aimed at approximating 
current language vitality conditions. So, depending on the theory or theories of interest and data 
available, different time slices may be considered more or less desirable for each variable. Future 
studies can improve upon such considerations in both variable coding and model construction to 
more accurately reflect possible causal cascades. 

In sum, the primary challenges with representing time in such models as those used in this 
dissertation are outlined below: 

1) Many of the variables represent different time periods from each other (see Table 3.1)  
2) It is not entirely clear what the best time point to represent by each variable would be, if 

it were possible (examining variables at different points in time may help to uncover 
different parts of the causal cascade)  

3) “Time of European contact” is different in different places (this time is not fixed), as 
were subsistence strategy observations 

4) Historical land areas may have been changing at the times represented in the dataset, and 
subsistence strategy was in flux at the times ethnographic observations were made 

5) The revitalization variable did not include time as a component, and in a few cases 
revitalization programs may have been implemented more recently than the times 
reflected for the same languages in the dependent measure (see Section 5.1.6.2.1) 
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In addition to these challenges, displacement happened in different ways and at different points 
in time for different communities, and highways within Native land areas may have been built at 
different times as well. Either of these variables may do well to have their time courses 
considered in relation to other variables and to the dependent measure. This is another potentially 
fruitful avenue of research in further studies. 
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CHAPTER	6. CONCLUSIONS	
As stated in Section 1.1, language endangerment as a phenomenon is commonly presented in 
terms of measurable indicators—such as speaker numbers and domains of use—that are 
reflective of symptoms rather than causes of language decline. To understand the underlying 
causes and possible solutions, a broader and deeper historical perspective must be adopted. Such 
a perspective shift was described by Indigenous scholar and Miami tribal member Wesley 
Leonard in 2011: “Looking at language ‘loss’ from a more anthropological perspective,… the 
pivotal turning point is the beginning of language shift—or more accurately, the precursors to 
that process. This is what demonstrates that some sort of power imbalance has occurred” 
(Leonard 2011: 140). However, many discussions about language endangerment center around 
trends without highlighting the causes, and interventions often come quite late. What if 
interventions were considered earlier, as soon as Leonard’s “pivotal turning point” was 
observed? What other interventions might be possible? 

The primary motivation for this dissertation project was to contribute to developing a 
scientifically informed framework for identifying early warning signs of language endangerment, 
before standard language vitality metrics reflect an impact, with the hope that identifying such 
early warning signs might serve to prevent language shift in some communities in the future. In 
addition, my hope for this framework is that it may help to inform effective interventions that 
mitigate the impact of external factors on marginalized language communities. The examination 
of past and present circumstances and their correlations with present-day language vitality was 
attempted in the North American context due primarily to the availability of data in this 
geographic region. This was done using large datasets and quantitative methods, specifically 
ordinal regression.  

One aspect of this dissertation aims to contribute to a growing body of research aimed at 
identifying language-external factors that influence language vitality using quantitative methods. 
Three of the factors included in the analysis—historical land area, historical elevation range, and 
presence of highways in Native land areas—build upon previous studies identifying geographic 
influences on language vitality, while a fourth—historical displacement—relates more directly to 
the history of land rights and displacement of Indigenous people in the continental United States. 
Yet another factor—subsistence strategy—attempts to encapsulate an element of culture that 
relates to people’s relationship with the natural environment and, to some degree, the types of 
environments historically inhabited by speakers of different languages, although the coding of 
data for this variable is fraught due to the timing of ethnographic observation and other 
challenges mentioned throughout this dissertation, as in Section 3.2.3 and Section 5.4. 

Another variable included in the models—language revitalization efforts—aims to demonstrate 
the impact of such interventions on language vitality and to acknowledge the resistance and 
resilience of Indigenous people from marginalized language communities. The results of this 
dissertation clearly show that language revitalization efforts, and in particular child-directed 
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language education and immersion programs, have stronger correlations with language vitality 
than any of the other variables included in the models. Barring concrete evidence that these 
correlations are due to alternate explanations of causality, this finding should give policymakers, 
granting agencies, and community members confidence that child-directed language education 
programs work—not only to create new speakers, thereby improving language vitality over 
generations, but to improve community health measures and other markers of resilience as 
highlighted in previous research (King, Smith & Gracey 2009; Taff et al. 2018). Particularly as 
our world enters UNESCO’s Decade of Indigenous Languages, governments would do well to 
consider more substantial and long-term investments in Indigenous language education. 

Section 6.1 presents a summary of the model predictions, and Section 6.2 presents implications 
of this research for policymakers and community members concerned with language vitality. 

6.1	 SUMMARY	OF	MODEL	PREDICTIONS	
This dissertation sought to determine how and whether geographic, cultural, and ecological 
variables may be correlated with the vitality of Indigenous languages of North America. It also 
sought to determine the extent to which community interventions such as child-directed language 
education and language immersion programs correlate with vitality. Six variables—historical 
land area, historical elevation range, historical subsistence strategy, land rights and historical 
displacement, highway presence within government-recognized Native land areas, and language 
revitalization efforts—were included in a series of ordinal regression models, which are 
presented in Section 4.1. These models were fit to six different data subsets that were based on 
the availability of data for each of the variables included in the model. Four top-performing 
models were selected to represent the exploration presented in Section 4.1 based on a set of 
criteria presented in Section 4.2. Interpretations of the findings are presented in Chapter 5, along 
with suggestions for further research. 

Overall, the models worked, in that statistically significant correlations between the predictive 
variables and language vitality, the dependent measure, were found. The models found that a 
larger land area at time of European contact is moderately correlated with higher modern-day 
language vitality levels, confirming findings of previous work such as Amano et al. 2014 and 
possibly supporting hypotheses logically alluded to by Nichols (1992; 1997) and others (see 
Section 2.7.2). In addition, larger historical elevation ranges were found to be correlated with 
higher modern-day language vitality for languages coded as having primarily agricultural 
practices in historical ethnographic observations, but this protective effect of elevation range was 
not found for languages described by historical ethnographers as having hunting, gathering, and 
fishing economies (see Section 5.1.2). This was partly expected in that previous research and 
theory have suggested that languages in mountainous terrains may be more protected from 
encroaching ones; however, this trend was only seen for languages identified as belonging to 
groups that had historical agricultural practices, complicating the analysis. Future studies might 
investigate whether this trend is unique to North America or whether it can generalize to other 
geographic regions. 



 

 
122 

In terms of modern-day geographic variables, Indigenous languages that have been claimed or 
historically spoken by tribes and nations that have modern-day government-recognized land 
areas that overlap with both their historical geographic ranges and some land area outside of their 
historical geographic range have higher vitality than languages that have been claimed or 
historically used by Indigenous groups with no modern-day government-recognized land area. 
This suggests that having rights to more land—and particularly land that includes historical land 
areas—supports language vitality. It also suggests that historical displacement of Indigenous 
people from their heritage lands has had a negative impact on the vitality of these languages. 
Further studies can explore whether Indigenous groups that gain land rights see an increase in 
language vitality in the time window that follows. 

One unexpected finding that emerged from this study was the impact of accessibility via 
highways in government-recognized Native land areas in the continental United States. This was 
found to have an opposite correlation from the one predicted based on previous findings in other 
geographic regions (Gao 2015; Bromham et al. 2022), which suggested that the presence of more 
accessible road transportation networks near villages would decrease the vitality of smaller 
languages. However, this opposite finding suggests that the influence of highways may be 
different in North America, perhaps in relationship to demographic trends, such as Indigenous 
people living in urban areas off of reservations. This variable, therefore, could be considered in 
terms of its interaction with other variables in future models. 

Language revitalization efforts had the strongest correlation with language vitality of any single 
predictor. For this variable, it was found that child-directed language education and immersion 
programs are correlated with higher language vitality compared to both a catch-all category of all 
other types of language revitalization efforts and to an absence of evidence of any language 
revitalization efforts at all. The catch-all category was also significantly correlated with higher 
language vitality levels than the category reflecting absence of evidence of revitalization efforts. 
This finding supports the knowledge and wisdom of the many Indigenous communities that have 
tirelessly worked to advocate for their languages and to bring languages back into the classroom 
for children to learn. It also supports the value placed on intergenerational transmission in 
language maintenance, as new speakers are needed to keep languages going. 

This work supports the theory that physical geography influences the unfolding of human 
history. While correlations with language vitality are not as strong for the physical geographic 
variables as for the highly correlated language revitalization predictor, they are statistically 
significant. Nonetheless, only a portion of language vitality outcomes is explained by the models 
explored in this study, opening up opportunities for future models to consider additional 
variables and improve upon measurements for the ones used in this study. Indeed, further 
variables related to the history of boarding schools and other aspects of language policies and 
language education, language attitudes, land rights, and tribal recognition may all contribute to 
improving models. Some ideas for additional variables that could be incorporated into future 
models are presented in Section 5.3, and these are not exhaustive.  
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One challenge with the interpretation of results in this dissertation is the offsetting of dates 
included both within datasets and across them. Two of the variables—historical land area and 
historical elevation range—represent an approximation of what is known about the geographic 
distribution of languages for different dates (depending on the language) spanning the late 
1500’s through the early 1900’s. The dataset used for subsistence strategy is built on 
ethnographic observations made at different points in time for different languages and spanning a 
similar historical time range to these other two variables. The displacement variable, however, 
represents categorical differences in land area between the historical land areas and government-
recognized Native land areas in the United States as of 2010. The highway variable represents 
highways in Native land areas as of 2010, and the language revitalization variable was modeled 
using a database of language revitalization programs compiled in 2021. The challenges of 
obtaining data from a single point in time for many of the variables included in the models also 
suggests opportunities for future research, as discussed in Section 5.4. 

6.2	 IMPLICATIONS	FOR	LANGUAGE	VITALITY	
Given the threats to Indigenous languages in North America and elsewhere (Krauss 1992; 
Sutherland 2003; Rehg & Campbell 2018), it is clear that much more work needs to be done to 
reverse the trends of language loss if the goal is to preserve languages and language diversity 
around the globe. This is a globally recognized goal, as Articles 13 and 14 of the UN Declaration 
of Rights of Indigenous Peoples protect people’s rights to use and transmit their languages 
(United Nations 2007), language diversity has value to linguistic science (Krauss 1992), and 
Indigenous knowledge systems are desperately needed to inform policy and practice on a range 
of topics in the modern world (e.g., Díaz et al. 2019; Nikolakis & Roberts 2020). 

Reversing language loss requires taking into account not only language-internal factors such as 
speaker numbers and intergenerational transmission but also language-external ones, such as 
language policies, land rights, and language attitudes. This dissertation has attempted to quantify 
some of the geographic, cultural, and ecological variables that may impact language vitality in 
North America, including both language-external variables and an interventional measure, 
language revitalization efforts. The findings discussed in Section 5.1.6 for the language 
revitalization variable strongly suggest that investing in language education and language 
immersion programs for children is one of the most effective ways to increase the vitality of 
these languages. Many Indigenous people already know this and have implemented such 
programs with much success (McIvor & McCarty 2016). 

Whereas previous studies have looked more in depth at language education programs for a single 
language or small group of languages, this research was based on a larger dataset of 260 
languages, helping to illuminate larger trends. In particular, these dissertation findings suggest 
that child-directed language education and immersion programs are even more effective at 
increasing language vitality than are other kinds of language revitalization programs. So, where 
possible, when language revitalization efforts are already underway, expanding these programs 
into ones that include regular child-directed language education can be a next step for 
communities interested in revitalizing their languages.  
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It must be acknowledged that statistical correlations are not everything. However, correlations 
can tell us about general trends. I believe that many Indigenous people know intuitively, from 
lived and inherited experiences, what the sources of their trauma are and how to heal. Numbers 
cannot always do the healing work, but they can in some cases help to show which paths to 
healing are having an impact. In the case of numbers examined in this dissertation, language 
revitalization programs are having a positive impact on language vitality. Language education 
programs for children involving at least four hours a week of education in the language are 
having a strong impact, and child language immersion programs also have a very strong impact. 
While child language immersion programs can be extremely effective, they can be difficult to 
establish and keep going. This dissertation suggests that even in cases where communities, for 
whatever reason, cannot or have not (yet) been able to establish an immersion school, language 
education helps. Other forms of language revitalization also help. In some cases, even less-than-
ideal language programs can be a bridge to more developed ones. This process takes time. 
Communities need to determine for themselves what they want and how to move forward. 
Government and institutional funding can help, and indeed governments have a responsibility to 
contribute substantially to these efforts. 

For Indigenous languages in the continental U.S. and Canada, governments and institutions are 
responsible for historical and present imbalances in power that have contributed to language loss 
(c.f. Leonard 2011). Boarding schools are a key example. Children enrolled in Indian boarding 
schools, as well as day schools, were often brutally punished for speaking their languages, to the 
point that many elders today still have trauma surrounding the use of their languages because of 
these experiences. The governments of the United States and Canada are directly responsible for 
Indigenous language loss due to policy decisions that resulted in a loss of land, life, language, 
and family for many Indigenous people. Now, governments have the opportunity to right the 
wrongs of the past by not only bringing light to these historical atrocities through public 
education but also by financially and otherwise supporting Indigenous-led language 
revitalization efforts. The findings of this dissertation strongly suggest that language education 
and revitalization programs are effective at increasing language vitality, while other research 
compellingly suggests that language programs promote several other aspects of Indigenous 
health and wellbeing (King, Smith & Gracey 2009; Taff et al. 2018). 

Other reasons why governments might want to contribute substantially to Indigenous language 
revitalization, in addition to the responsibility to act with integrity, is that Indigenous knowledge 
systems have intrinsic value. Their value may be most apparent and directly meaningful for 
people with connections to these cultures; however, much of the world is currently struggling 
with a loss of balance—in ecosystems, in families, in countries, economies, political systems, 
and communities. Particularly with the global threat of climate change, our world needs 
everyone on board contributing ideas and solutions. Given that much of the environmental 
destruction and imbalances that exist come from ideologies and technologies that spread as 
countries like the U.S. and Canada were being formed, Indigenous knowledge systems and 
people, to the extent that they are willing to share knowledge, may be able to help navigate the 
future by providing alternative perspectives based on what worked on this land for thousands if 
not tens of thousands of years. There is a wide variety of experiential and cultural knowledge 
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within Indigenous ways of knowing and being that need to be taken into account, both because 
Indigenous people deserve to live according to their values, and because the rest of society may 
benefit from having these values be honored and practiced. I believe that integrating Indigenous 
wisdom with Western science and other knowledge systems can help move policy forward. It 
can help inform solutions to some of the world’s toughest problems.  

I personally would love to see Indigenous languages taught in every public school throughout 
North America, although I understand that some communities may wish to keep their languages 
private, and these communities should have the right to do so. However, for ones who are willing 
to share their culture, I do think that there is value in non-Indigenous people learning more about 
these time-honored place-based knowledge systems. This type of grounded cultural awareness 
may add to the depth and richness of people’s lives and improve their ability to make meaningful 
contributions. 
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Appendix A. Master language list 
Master language list for languages historically present within the geographic area covered by 
modern-day continental U.S. and Canada. Language names and ISO codes are from the historical 
land area polygon dataset (Haynie & Gavin 2019). The process for creating this list is described 
in Section 3.1.2. 

	
ISO	 Language	name	 		

	
ISO	 Language	name	

1	 aaq	 Eastern	Abenaki	 	 131	 myh	 Makah	
2	 abe	 Western	Abenaki	 	 132	 nai	 Haida	
3	 acv	 Achumawi	 	 133	 nav	 Navajo	
4	 aes	 Alsea	 	 134	 ncz	 Natchez	
5	 aht	 Ahtna	 	 135	 nez	 Nez	Perce	
6	 akz	 Alabama	 	 136	 nmu	 Maidu	
7	 ale	 Aleut	 	 137	 nnt	 Nanticoke-Conoy	
8	 alq	 Algonquin	 	 138	 nok	 Nooksack	
9	 apj	 Jicarilla	 	 139	 nsk	 Naskapi	
10	 apk	 Kiowa	Apache	 	 140	 nsq	 Northern	Sierra	Miwok	
11	 apl	 Lipan	 	 141	 nsz	 Nisenan	
12	 apm	 Mescalero-Chiricahua	 	 142	 ntw	 Nottoway	
13	 apw	 Western	Apache	 	 143	 nuk	 Nuu-chah-nulth	
14	 aqp	 Atakapa	 	 144	 nwa	 Nawathinehena	
15	 ari	 Arikara	 	 145	 obi	 Obispeño	
16	 arp	 Arapaho	 	 146	 ofo	 Ofo	
17	 asb	 Assiniboine	 	 147	 ojg	 Eastern	Ojibwa	
18	 atj	 Atikamekw	 	 148	 ojs	 Severn	Ojibwa	
19	 ats	 Gros	Ventre	 	 149	 ojw	 Salteaux	
20	 atw	 Atsugewi	 	 150	 oka	 Okanagan	
21	 bcr	 Babine	 	 151	 oma	 Omaha-Ponca	
22	 bea	 Beaver	 	 152	 one	 Oneida	
23	 bla	 Siksika	 	 153	 ono	 Onondaga	
24	 blc	 Bella	Coola	 	 154	 ood	 Tohono	O'odham/Akimel	O'odham	
25	 bll	 Biloxi	 	 155	 osa	 Osage	
26	 boi	 Barbareño	 	 156	 otw	 Ottawa	
27	 cad	 Caddo/Yatasi	 	 157	 pao	 Northern	Paiute	
28	 cay	 Cayuga	 	 158	 par	 Panamint	
29	 cea	 Lower	Chehalis	 	 159	 paw	 Pawnee	
30	 chc	 Catawba	 	 160	 peb	 Eastern	Pomo	
31	 chh	 Lower	Chinook	 	 161	 pef	 Northeastern	Pomo	
32	 chl	 Cahuilla	 	 162	 pej	 Northern	Pomo	



 

 
127 

33	 cho	 Choctaw	 	 163	 peq	 Southern	Pomo	
34	 chp	 Chipewyan	 	 164	 pie	 Piro	
35	 chr	 Cherokee	 	 165	 pim	 Powhatan	
36	 chy	 Cheyenne	 	 166	 pmw	 Plains	Miwok	
37	 cic	 Chickasaw	 	 167	 pom	 Southeastern	Pomo	
38	 cid	 Chimariko	 	 168	 poo	 Central	Pomo	
39	 ciw	 Central	Southern	Ojibwa	 	 169	 pot	 Potawatomi	
40	 cjh	 Upper	Chehalis	 	 170	 pqm	 Malicite-Passamaquoddy	
41	 cku	 Koasati	 	 171	 ptw	 Pentlach	
42	 clc	 Chilcotin	 	 172	 puy	 Purismeño	
43	 clm	 Clallam	 	 173	 pwi	 Patwin	
44	 coc	 Cocopa	 	 174	 qua	 Quapaw	
45	 col	 Columbia-Wenatchi	 	 175	 qui	 Quileute	
46	 com	 Comanche	 	 176	 qun	 Quinault	
47	 coo	 Comox	 	 177	 qwt	 Kwalhioqua/Clatskanie	
48	 cow	 Cowlitz	 	 178	 qyp	 Quiripi	
49	 crd	 Coeur	d'	Alene	 	 179	 sac	 Fox	
50	 crk	 Plains	Cree	 	 180	 scs	 North	Slavey	
51	 crl	 East	Cree	 	 181	 sec	 Sechelt	
52	 cro	 Crow	 	 182	 see	 Seneca	
53	 crr	 Carolina	Algonquian	 	 183	 sek	 Sekani	
54	 crx	 Carrier	 	 184	 ser	 Serrano	
55	 crz	 Island	Chumash	 	 185	 shh	 Shoshoni	
56	 csi	 Coast	Miwok	 	 186	 shs	 Shuswap	
57	 csm	 Central	Sierra	Miwok	 	 187	 sht	 Shasta	
58	 css	 Southern	Ohlone	 	 188	 sis	 Siuslaw	
59	 cst	 Northern	Ohlone	 	 189	 sjw	 Shawnee	
60	 csw	 Swampy	Cree	 	 190	 skd	 Southern	Sierra	Miwok	
61	 csz	 Coos	 	 191	 sln	 Salinan	
62	 ctm	 Chitimacha	 	 192	 spo	 Spokane	
63	 cup	 Cupeño	 	 193	 sqn	 Susquehannock	
64	 cwd	 Woods	Cree	 	 194	 squ	 Squamish	
65	 dak	 Dakota	 	 195	 srs	 Sarcee	
66	 dgr	 Dogrib	 	 196	 sto	 Stoney	
67	 dih	 Tipai/Ipai	 	 197	 str	 Northern	Straits	
68	 dtd	 Ditidaht	 	 198	 taa	 Lower	Tanana	
69	 ems	 Pacific	Gulf	Yupik	 	 199	 tau	 Upper	Tanana	
70	 esi	 North	Alaskan	Inupiatun	 	 200	 tcb	 Tanacross	
71	 esk	 Seward	Peninsula	Inupiatun	 	 201	 tce	 Southern	Tutchone	
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72	 esq	 Esselen	 	 202	 tew	 Rio	Grande	Tewa	
73	 esu	 Central	Alaskan	Yupik	 	 203	 tfn	 Tanaina	
74	 eya	 Eyak	 	 204	 tgx	 Tagish	
75	 gce	 Galice	 	 205	 thp	 Thompson	
76	 git	 Nass-Gitksan	 	 206	 tht	 Tahltan	
77	 gwi	 Gwich'in	 	 207	 til	 Tillamook	
78	 haa	 Han	 	 208	 tix	 Southern	Tiwa	
79	 has	 Haisla	 	 209	 tjm	 Timucua/Tawasa	
80	 hei	 Heiltsuk-Oowekyala	 	 210	 tkm	 Takelma	
81	 hid	 Hidatsa	 	 211	 tli	 Tlingit	
82	 hoi	 Holikachuk	 	 212	 tol	 Rogue	River	Athabaskan	
83	 hop	 Hopi	 	 213	 tow	 Towa	
84	 hup	 Hupa	 	 214	 tqn	 Tenino	
85	 hur	 Halkomelem	 	 215	 tqw	 Tonkawa	
86	 ike	 Eastern	Canadian	Inuktitut	 	 216	 tta	 Tutelo-Saponi	
87	 ikt	 Western	Canadian	Inuktitut	 	 217	 ttm	 Northern	Tutchone	
88	 ing	 Degexit'an	 	 218	 tub	 Tubatulabal	
89	 inz	 Ineseño	 	 219	 tun	 Tunica	
90	 iow	 Iowa-Otoe	 	 220	 tus	 Tuscarora	
91	 kee	 Eastern	Keres	 	 221	 twa	 Twana	
92	 kic	 Kickapoo	 	 222	 twf	 Taos	
93	 kii	 Kitsai	 	 223	 txc	 Tsetsaut	
94	 kio	 Kiowa	 	 224	 uma	 Umatilla	
95	 kjq	 Acoma	 	 225	 umu	 Munsee	Delaware	
96	 kju	 Kashaya	 	 226	 unm	 Unami	Delaware	
97	 kkz	 Kaska	 	 227	 ute	 Ute-Southern	Paiute	
98	 kla	 Klamath-Modoc	 	 228	 veo	 Ventureño	
99	 koy	 Koyukon	 	 229	 waa	 Sahaptin-Walla	Walla	
100	 krb	 Karkin	 	 230	 wac	 Wasco/Kathlamet	
101	 ksk	 Kansa	 	 231	 wam	 Wampanoag	
102	 ktw	 Kato	 	 232	 wao	 Wappo	
103	 kut	 Kootenai	 	 233	 was	 Washo	
104	 kuu	 Upper	Kuskokwim	 	 234	 wic	 Wichita	
105	 kwk	 Kwak'wala	 	 235	 win	 Ho-Chunk	
106	 kyh	 Karuk	 	 236	 wit	 Wintu	
107	 kyl	 Kalapuya	 	 237	 wiy	 Wiyot	
108	 lil	 Lillooet	 	 238	 wlk	 Eel	River	Athabaskan	
109	 lkt	 Lakota	 	 239	 wya	 Huron	
110	 lmw	 Lake	Miwok	 	 240	 xad	 Adai	
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111	 lre	 Laurentian	 	 241	 xap	 Apalachee	
112	 lui	 Luiseño	 	 242	 xaw	 Kawaiisu	
113	 lut	 Lushootseed	 	 243	 xch	 Chemakum	
114	 mbe	 Molala	 	 244	 xcm	 Comecrudan	
115	 mez	 Menominee	 	 245	 xcn	 Cotoname	
116	 mhq	 Mandan	 	 246	 xcw	 Coahuilteco	
117	 mia	 Miami	 	 247	 xcy	 Cayuse	
118	 mic	 Micmac	 	 248	 xlo	 Loup	
119	 mik	 Mikasuki	 	 249	 xsl	 Slavey	
120	 mjd	 Konkow	 	 250	 xwc	 Woccon	
121	 mjy	 Mahican	 	 251	 yak	 Yakama	
122	 mkq	 Saclan	 	 252	 ynn	 Yana	
123	 mnr	 Mono	 	 253	 yok	 Northern	Yokuts	
124	 moe	 Montagnais	 	 254	 yuc	 Yuchi	
125	 mof	 Mohegan-Pequot-Narragansett	 	 255	 yuf	 Havasupai-Walapai-Yavapai	
126	 moh	 Mohawk	 	 256	 yuk	 Northern	Yukian	
127	 mov	 Mojave	 	 257	 yum	 Quechan	
128	 mrc	 Maricopa	 	 258	 yur	 Yurok	
129	 mus	 Creek	 	 259	 zkk	 Karankawa	
130	 mvb	 Mattole	 	 260	 zun	 Zuni	
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Appendix B. Discovery tools 
List of primary discovery tools used in the creation of the North American Language 
Revitalization Database. This was an iterative process in that new discovery tools were found in 
the process of creating the database. 

Administration for Native Americans (ANA) Active Grants in Native Languages – Preservation 
and Maintenance:  
https://www.acf.hhs.gov/ana/fact-sheet/active-grants-native-languages-preservation-and-
maintenance 

Alaska Native Languages Immersion Schools: 
https://www.alaskanativelanguages.org/immersion-schools 

Indian Country Today, 6 Early Childhood Language Immersion Programs: 
https://indiancountrytoday.com/archive/preserving-culture-6-early-childhood-language-
immersion-programs 

Report on the status of B.C. First Nations Languages 2018: 
https://fpcc.ca/wp-content/uploads/2020/07/FPCC-LanguageReport-180716-WEB.pdf 

University of Oklahoma, American Indian Education KnowledgeBase, Tribal Language 
Immersion Schools:  
https://outreach.ou.edu/educational-services/education/edutas/comprehensive-centers-
archive/knowledgebases/american-indian/learn-tribal-language-immersion-schools/ 
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Appendix C. R script 
R script used to develop and fit multiple ordinal regression models to six data subsets. 

 
## Modeling Language Vitality using Social and Environmental Predictors 
## Kirsten Helgeson with Dr. Bradley Rentz and Dr. Gary Holton 
## Created using R 3.5.0, R 3.6.1, and R 4.1.3 starting in November 2018, adapted through April 
2022 
 
# Load packages 
library(dplyr) 
library(ggplot2) 
 
# Set working directory 
setwd("~/Desktop/Clean DBs/DBs ready for analysis") 
 
data.clean <- read.csv ("all_variables_master.csv") 
 
options(scipen = 999)  # This turns off scientific notation. 
 
#### Part 1: Setting up data #### 
 
## 1a. Language vitality ## 
 
# Make language status levels into ordinal data 
data.clean$Vitality_rank <- factor(data.clean$Vitality_rank, 
levels=c("0","1","2","3","4","5","6","7"), ordered=T) 
plot(data.clean$Vitality_rank) 
summary(data.clean$Vitality_rank) 
 
## 1b. Subsistence strategy ## 
 
# Set subsistence strategy to nominal/categorical (rather than interval) data 
data.clean$Subsistence_cat <- factor(data.clean$Subsistence_cat, 
levels=c("Agriculture","Hunting","Gathering","Fishing","Mixed"), ordered=F)  
plot(data.clean$Subsistence_cat) 
summary(data.clean$Subsistence_cat) 
 
## 1c. Land area ## 
 
hist(data.clean$Area_sum, breaks = 50, main = "Land Area at Time of European Contact", xlab 
= "Area", ylab = "Frequency") 
summary(data.clean$Area_sum) 
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## Square root of land area 
data.clean$Area_sum_sqrt <- sqrt(data.clean$Area_sum) 
hist(data.clean$Area_sum_sqrt, breaks = 50, main = "Land Area at Time of European Contact", 
xlab = "Area (sqrt)", ylab = "Frequency") 
 
## Log of land area 
data.clean$Area_sum_log <- log(data.clean$Area_sum) 
hist(data.clean$Area_sum_log, breaks = 50, main = "Land Area at Time of European Contact", 
xlab = "Log area", ylab = "Frequency") 
 
## 1d. Elevation range ## 
 
hist(data.clean$Elevation_range, breaks = 50, main = "Elevation range", xlab = "Elevation 
(meters)", ylab = "Frequency") 
summary(data.clean$Elevation_range) 
 
## Square root of elevation range 
data.clean$Elevation_range_sqrt <- sqrt(data.clean$Elevation_range) 
hist(data.clean$Elevation_range_sqrt, breaks = 50, main = "Elevation range", xlab = "Square 
root of elevation (meters)", ylab = "Frequency") 
 
## Log of elevation range 
data.clean$Elevation_range_log <- log(data.clean$Elevation_range) 
hist(data.clean$Elevation_range_log, breaks = 50, main = "Elevation range", xlab = "Log 
Elevation", ylab = "Frequency") 
 
## 1e. Displacement ## 
 
# Set historical displacement to categorical and reference level to "none." 
data.clean$Displacement_cat <- factor(data.clean$Displacement_cat, 
levels=c("none","outside","inside","both"), ordered=F) # Change to "ordered=T" for ordinal 
data. 
summary(data.clean$Displacement_cat) 
plot(data.clean$Displacement_cat) 
 
## 1f. Highways ## 
 
## Highway density 
 
# Explore data 
summary(data.clean$Hwy_density) 
hist(data.clean$Hwy_density, breaks = 50, main = "Highway density", xlab = "Density", ylab = 
"Frequency") 
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# Scaled highway density 
data.clean$Hwy_density_scaled <- scale(data.clean$Hwy_density, center=F, scale=T) 
hist(data.clean$Hwy_density_scaled, breaks = 30) 
 
# Square root of highway density 
data.clean$Hwy_density_sqrt <- sqrt(data.clean$Hwy_density) 
hist(data.clean$Hwy_density_sqrt, breaks = 50, main = "Highway density", xlab = "Square root 
of density", ylab = "Frequency") 
summary(data.clean$Hwy_density_sqrt) 
 
# Log of highway density 
data.clean$Hwy_density_log <- log(data.clean$Hwy_density) 
hist(data.clean$Hwy_density_log, breaks = 50, main = "Highway density", xlab = "Log of 
density", ylab = "Frequency") 
## The problem with log transforming is that most highway density values are zero, so there are 
many values with infinitely negative values on the log transformation scale. 
 
# Adding a small number 
data.clean$Hwy_density_new <- (data.clean$Hwy_density+1) 
data.clean$Hwy_density_new_log <- log(data.clean$Hwy_density_new) 
hist(data.clean$Hwy_density_new_log, breaks = 100) 
 
data.clean$Hwy_density_newd <- (data.clean$Hwy_density+0.000001) 
data.clean$Hwy_density_newd_log <- log(data.clean$Hwy_density_newd) 
hist(data.clean$Hwy_density_newd_log, breaks = 10) 
 
## Highway presence 
summary(data.clean$Highway) 
plot(data.clean$Highway) 
 
## 1g. Revitalization ## 
 
# Set revitalization to ordinal, "none" as reference level. 
data.clean$Revit_cat <- factor(data.clean$Revit_cat, levels=c("none", "revitalization", 
"education", "immersion"), ordered=F) # Change to "ordered=T" for ordinal data. 
summary(data.clean$Revit_cat) 
plot(data.clean$Revit_cat) 
 
# Define variables in R. 
Vitality <- data.clean$Vitality_rank 
Area <- data.clean$Area_sum_log 
Elevation <- data.clean$Elevation_range_sqrt 
Subsistence <- data.clean$Subsistence_cat 
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Displacement <- data.clean$Displacement_cat 
Highway <- data.clean$Highway 
Revitalization <- data.clean$Revit_cat 
 
#### Part 2: Running models #### 
 
library(ordinal) 
library(sure) # For model diagnostics and checking model fit 
library(sjPlot) # For visualizing results 
 
#### Model 5AESDR #### 
 
Model5AESDR <- clm(Vitality~Area+Elevation+Subsistence+Displacement+Revitalization, 
data=data.clean) 
summary(Model5AESDR) 
 
plot_model(Model5AESDR) 
tab_model(Model5AESDR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model5AESDR)/logLik(nullmod) 
# 'log Lik.' 0.5688264 (df=19) 
 
# Fit diagnostics 
autoplot.clm(Model5AESDR, what = "qq") 
autoplot.clm(Model5AESDR, what = "fitted") 
 
#### Model 6AESHR #### 
 
Model6AESHR <- clm(Vitality~Area+Elevation+Subsistence+Highway+Revitalization, 
data=data.clean) 
summary(Model6AESHR) 
 
plot_model(Model6AESHR) 
tab_model(Model6AESHR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model6AESHR)/logLik(nullmod) 
# 'log Lik.' 0.6118705 (df=17) 
 
# Fit diagnostics 
autoplot.clm(Model6AESHR, what = "qq") 
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autoplot.clm(Model6AESHR, what = "fitted") 
 
#### Model 6ASHR #### 
 
# Same as 6AESHR but without elevation range. 
Model6ASHR <- clm(Vitality~Area+Subsistence+Highway+Revitalization, data=data.clean) 
summary(Model6ASHR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model6ASHR)/logLik(nullmod) 
# 'log Lik.' 0.6097072 (df=16) 
 
# Fit diagnostics 
autoplot.clm(Model6ASHR, what = "qq") 
autoplot.clm(Model6ASHR, what = "fitted") 
 
#### Model 6AE*SHR #### 
 
## Model 6AE*SHR: Testing interaction effects 
 
Model6AExSHR <- clm(Vitality~Area+Elevation*Subsistence+Highway+Revitalization, 
data=data.clean) 
summary(Model6AExSHR) 
 
plot_model(Model6AExSHR) 
tab_model(Model6AExSHR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model6AExSHR)/logLik(nullmod) 
# 'log Lik.' 0.6324988 (df=21) 
 
# Fit diagnostics 
autoplot.clm(Model6AExSHR, what = "qq") 
autoplot.clm(Model6AExSHR, what = "fitted") 
 
 
#### Graphing interaction effects for Model 6AE*SHR #### 
# Note: This section and the following one use script adapted from the tutorial “Decomposing, 
Probing, and Plotting Interactions in R” acquired from UCLA Advanced Research Computer 
Statistical Methods and Data Analytics on January 17, 2022 at the following URL: 
https://stats.oarc.ucla.edu/r/seminars/interactions-r/. 
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library(emmeans) 
 
# Pairwise comparisons for elevation range based on subsistence 
emtrends(Model6AExSHR, pairwise ~ Subsistence, var="Elevation") 
 
# Define variables 
(mylist <- 
list(Elevation=c(0,20,40,60,80),Subsistence=c("Hunting","Gathering","Fishing","Mixed","Agric
ulture"))) 
emModel6AExSHR <- emmeans(Model6AExSHR, ~ Elevation*Subsistence, at=mylist) 
contrast(emModel6AExSHR, "revpairwise", by="Elevation") 
 
# Plot using emmip 
(mylist <- 
list(Elevation=seq(0,80,by=10),Subsistence=c("Hunting","Gathering","Fishing","Mixed","Agric
ulture"))) 
emmip(Model6AExSHR, Subsistence ~Elevation, at=mylist, CIs=TRUE, xlab = "Elevation 
range (square root)") 
 
#### Model fit Diagnostics #### 
 
# Fit diagnostics 
autoplot.clm(Model, what = "qq") 
autoplot.clm(Model, what = "fitted") 
 
 
#### Model 4AESR #### 
 
Model4AESR <- clm(Vitality~Area+Elevation+Subsistence+Revitalization, data=data.clean) 
summary(Model4AESR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model4AESR)/logLik(nullmod) 
# 'log Lik.' 0.4605134 (df=16) 
 
plot_model(Model4AESR) 
tab_model(Model4AESR) 
 
# Fit diagnostics 
autoplot.clm(Model4AESR, what = "qq") 
autoplot.clm(Model4AESR, what = "fitted") 
 
#### Model 4AE*SR #### 
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Model4AExSR <- clm(Vitality~Area+Elevation*Subsistence+Revitalization, data=data.clean) 
summary(Model4AExSR) 
 
plot_model(Model4AExSR) 
tab_model(Model4AExSR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model4AExSR)/logLik(nullmod) 
# 'log Lik.' 0.4960515 (df=20) 
 
# Model 1e fit diagnostics 
autoplot.clm(Model4AExSR, what = "qq") 
autoplot.clm(Model4AExSR, what = "fitted") 
 
## Can try this again with Gathering set to reference level (since this level shows the strongest 
effect in 4AE*SR). 
 
data.clean$Subsistence_cat <- factor(data.clean$Subsistence_cat, 
levels=c("Gathering","Hunting","Mixed","Fishing","Agriculture"), ordered=F) 
summary(data.clean$Subsistence_cat) 
 
#### Graphing interaction effects for Model4AE*SR #### 
 
library(emmeans) 
 
# Pairwise comparisons for elevation range based on subsistence. 
emtrends(Model4AExSR, pairwise ~ Subsistence, var="Elevation") 
 
# Define variables  
(mylist <- 
list(Elevation_range_sqrt=c(0,20,40,60,80),Subsistence=c("Hunting","Gathering","Fishing","Mi
xed","Agriculture"))) 
emModel4AExSR <- emmeans(Model4AExSR, ~ Elevation*Subsistence, at=mylist) 
contrast(emModel4AExSR, "revpairwise", by="Elevation") 
 
# Plot using emmip 
(mylist <- 
list(Elevation=seq(0,80,by=10),Subsistence=c("Hunting","Gathering","Fishing","Mixed","Agric
ulture"))) 
emmip(Model4AExSR, Subsistence~Elevation, at=mylist, CIs=TRUE, xlab = "Elevation range 
(square root)") 
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#### Model 2AEDR #### 
 
Model2AEDR <- clm(Vitality~Area+Elevation+Displacement+Revitalization, data=data.clean) 
summary(Model2AEDR) 
 
# Calculate McFadden's R2 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model2AEDR)/logLik(nullmod) 
# 'log Lik.' 0.3613663 (df=15) 
 
plot_model(Model2AEDR) 
tab_model(Model2AEDR) 
 
## Fit diagnostics ## 
autoplot.clm(Model2AEDR, what = "qq") 
autoplot.clm(Model2AEDR, what = "fitted") 
 
#### Model 2ADR #### 
 
Model2ADR <- clm(Vitality~Area+Displacement+Revitalization, data=data.clean) 
summary(Model2ADR) 
 
# Calculate McFadden's R2 
Model2ADR <- clm(Vitality~Area+Displacement+Revitalization, data=data.clean) 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model2ADR)/logLik(nullmod) 
# 'log Lik.' 0.3609396 (df=14) 
 
## Fit diagnostics ## 
autoplot.clm(Model2ADR, what = "qq") 
autoplot.clm(Model2ADR, what = "fitted") 
 
#### Model 3AEHR #### 
 
Model3AEHR <- clm(Vitality~Area+Elevation+Highway+Revitalization, data=data.clean) 
summary(Model3AEHR) 
 
# Calculate McFadden's R2 
Model3AEHR <- clm(Vitality~Area+Elevation+Highway+Revitalization, data=data.clean) 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model3AEHR)/logLik(nullmod) 
# 'log Lik.' 0.4352562 (df=13) 
 
plot_model(Model3AEHR) 
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tab_model(Model3AEHR) 
 
## Fit diagnostics ## 
autoplot.clm(Model3AEHR, what = "qq") 
autoplot.clm(Model3AEHR, what = "fitted") 
 
#### Model 3AHR #### 
 
Model3AHR <- clm(Vitality~Area+Highway+Revitalization, data=data.clean) 
summary(Model3AHR) 
 
# Calculate McFadden's R2 
Model3AHR <- clm(Vitality~Area+Highway+Revitalization, data=data.clean) 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model3AHR)/logLik(nullmod) 
# 'log Lik.' 0.4339411 (df=12) 
 
plot_model(Model3AHR) 
tab_model(Model3AHR) 
 
## Fit diagnostics  
autoplot.clm(Model3AHR, what = "qq") 
autoplot.clm(Model3AHR, what = "fitted") 
 
#### Model 1AER #### 
 
Model1AER <- clm(Vitality~Area+Elevation+Revitalization, data=data.clean) 
summary(Model1AER) 
 
# Calculate McFadden's R2. 
nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model1AER)/logLik(nullmod) 
# 'log Lik.' 0.2145197 (df=12) 
 
## Fit diagnostics ## 
autoplot.clm(Model1AER, what = "qq") 
autoplot.clm(Model1AER, what = "fitted") 
 
#### Model 1AR #### 
 
Model1AR <- clm(Vitality~Area+Revitalization, data=data.clean) 
summary(Model1AR) 
 
# Calculate McFadden's R2. 
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nullmod <- clm(Vitality~1, data=data.clean) 
1-logLik(Model1AR)/logLik(nullmod) 
# 'log Lik.' 0.2142884 (df=11) 
 
## Fit diagnostics ## 
autoplot.clm(Model1AR, what = "qq") 
autoplot.clm(Model1AR, what = "fitted") 
 
#### Plotting marginal means #### 
 
# Load packages 
library(emmeans) 
library(broom) 
library(tidyverse) 
 
 
## Model 4AE*SR: This is the model to focus on, since the presence or absence of highways 
was not a statistically significant predictor in 6AE*SHR. 
emmeans4AExSR <- tidy(emmeans(Model4AExSR, ~Vitality | Elevation*Subsistence, 
                              type="response",mode="prob", 
                              at = list(Elevation=c(10,20,30,40,50,60,70)))) # can pick different levels of 
continuous variable to calculate the marginal means for 
 
# Pairwise comparisons of marginal means 
pairs(emmeans(Model4AExSR, ~Elevation | Vitality, type="response",mode="prob",at = 
list(Elevation=c(10,20,30,40,50,60,70))))  
pairs(emmeans(Model4AExSR, ~Elevation*Subsistence | Vitality, 
type="response",mode="prob",at = list(Elevation=c(10,20,30,40,50,60,70)))) 
 
# Plot 
ggplot(emmeans4AExSR, aes(x=Elevation,y=prob*100,color=Subsistence))+  
  geom_ribbon(aes(ymin=(prob-std.error)*100, # the geom_ribbon add the error shading 
                  ymax=(prob+std.error)*100, 
                  fill=Subsistence), 
              alpha=0.2)+  
  geom_line() + # this adds the main plotted marginal mean lines 
  facet_wrap(~Vitality) +  
  theme_minimal() +  
  ylab("Probability of Vitality Level") + 
  xlab("Elevation range (square root)") 
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Appendix D. Model results 
Model statistics for twelve cumulative link models (clms) built using ‘ordinal’ package version 
2019.12-10 in R 3.6.1. Criteria and data sources used to fit models are described in Chapters 3-4. 

Model	excluding	highways:	5AESDR	

Formula: Vitality ~ Area + Elevation + Subsistence + Displacement + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 141	 -203.34	 444.68	 6(0)	 1.17e-08	 4.5e+05	

 

141	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.34034	 0.12095	 2.814	 0.0048960000000000	 **	
Elevation	 0.01273	 0.01306	 0.974	 0.3299090000000000	 	
Subsistence_hunting	 -0.47964	 0.51862	 -0.925	 0.3550580000000000	 	
Subsistence_gathering	 -1.00259	 0.56973	 -1.760	 0.0784490000000000	 .	
Subsistence_fishing	 -1.78488	 0.51808	 -3.445	 0.0005710000000000	 ***	
Subsistence_mixed	 -0.89673	 0.69935	 -1.282	 0.1997590000000000	 	
Displacement_outside	 -0.25277	 0.64460	 -0.392	 0.6949620000000000	 	
Displacement_inside	 0.31504	 0.70575	 0.446	 0.6553170000000000	 	
Displacement_both	 0.32751	 0.58153	 0.563	 0.5733090000000000	 	
Revitalization_revitalization	 2.34651	 0.65814	 3.565	 0.0003630000000000	 ***	
Revitalization_education	 3.16417	 0.77677	 4.074	 0.0000463097000000	 ***	
Revitalization_immersion	 4.03806	 0.72349	 5.581	 0.0000000239000000	 ***	
McFadden’s	R2:	0.569	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-0.2447					0.7798		-0.314	
1|2			2.0806					0.8345			2.493	
2|3			3.8341					0.8673			4.421	
3|4			4.8626					0.8885			5.473	
4|5			5.8267					0.9095			6.407	
5|6			7.6609					1.0422			7.351	
6|7			8.8003					1.3227			6.653	
(119	observations	deleted	due	to	missingness)	
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QQ	plot	 Residuals	

  

 

Models	excluding	displacement:	6AESHR,	6ASHR,	6AE*SHR	

Land area, elevation, subsistence, highways, and language revitalization: 6AESHR 

Formula: Vitality ~ Area + Elevation + Subsistence + Hwy_presence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 126	 -183.04	 400.08	 6(0)	 8.73E-07	 5.60E+05	

 

126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.22061	 0.13239	 1.666	 0.0956370000000000	 .	
Elevation	 0.01877	 0.01323	 1.419	 0.1559870000000000	 	
Subsistence_hunting	 -0.42163	 0.56599	 -0.745	 0.4563100000000000	 	
Subsistence_gathering	 -1.14050	 0.62768	 -1.817	 0.0692140000000000	 .	
Subsistence_fishing	 -1.98646	 0.57850	 -3.434	 0.0005950000000000	 ***	
Subsistence_mixed	 -0.90974	 0.71984	 -1.264	 0.2062940000000000	 	
Highway_yes	 0.74584	 0.39516	 1.887	 0.0591000000000000	 .	
Revitalization_revitalization	 1.88824	 0.71751	 2.632	 0.0084970000000000	 **	
Revitalization_education	 2.66247	 0.82306	 3.235	 0.0012170000000000	 **	
Revitalization_immersion	 3.56006	 0.80326	 4.432	 0.0000093400000000	 ***	
McFadden’s	R2:	0.612	
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Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-0.5767					0.9036		-0.638	
1|2			1.7718					0.9309			1.903	
2|3			3.5482					0.9691			3.661	
3|4			4.5549					0.9901			4.600	
4|5			5.6142					1.0184			5.513	
5|6			7.7295					1.2131			6.371	
6|7			8.4570					1.4054			6.017	
(134	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	

  

 

Excluding	elevation:	6ASHR	

Formula: Vitality ~ Area + Subsistence + Hwy_presence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 126	 -184.06	 400.12	 6(0)	 1.47E-07	 1.10E+03	
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126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.27930	 0.12550	 2.226	 0.0260470000000000	 *	
Subsistence_hunting	 -0.31600	 0.56680	 -0.558	 0.5771500000000000	 	
Subsistence_gathering	 -0.82520	 0.58950	 -1.400	 0.1615560000000000	 	
Subsistence_fishing	 -1.68960	 0.54630	 -3.093	 0.0019840000000000	 **	
Subsistence_mixed	 -0.76190	 0.71330	 -1.068	 0.2854640000000000	 	
Highway_yes	 0.74650	 0.39360	 1.896	 0.0579190000000000	 .	
Revitalization_revitalization	 1.91870	 0.71670	 2.677	 0.0074260000000000	 **	
Revitalization_education	 2.71300	 0.82370	 3.294	 0.0009890000000000	 ***	
Revitalization_immersion	 3.51260	 0.80060	 4.387	 0.0000115000000000	 ***	
McFadden’s	R2:	0.610	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-1.0726					0.8377		-1.280	
1|2			1.2467					0.8569			1.455	
2|3			3.0103					0.8898			3.383	
3|4			4.0128					0.9096			4.412	
4|5			5.0665					0.9371			5.407	
5|6			7.1842					1.1458			6.270	
6|7			7.9063					1.3457			5.875	
(134	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	
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Including	an	interaction	effect:	6AE*SHR	

Formula: Vitality ~ Area + Elevation * Subsistence + Hwy_presence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 126	 -173.31	 388.63	 7(0)	 8.17e-13	 1.8e+06	

 

126	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 	
Land	area	 0.44275	 0.14690	 3.014	 0.0025790000000000	 **	
Elevation	 0.15831	 0.03697	 4.282	 0.0000186000000000	 ***	
Subsistence_Hunting	 4.20325	 1.55284	 2.707	 0.0067930000000000	 **	
Subsistence_Gathering	 6.42326	 1.95017	 3.294	 0.0009890000000000	 ***	
Subsistence_Fishing	 2.45895	 1.91248	 1.286	 0.1985340000000000	 	
Subsistence_Mixed	 4.25180	 1.79483	 2.369	 0.0178400000000000	 *	
Highway_yes	 0.40575	 0.40139	 1.011	 0.3120880000000000	 	
Revitalization_revitalization	 1.75308	 0.71396	 2.455	 0.0140710000000000	 *	
Revitalization_education	 2.43526	 0.81396	 2.992	 0.0027730000000000	 **	
Revitalization_immersion	 3.35652	 0.79108	 4.243	 0.0000221000000000	 ***	
Elevation:Subsistence_Hunting	 -0.15315	 0.04409	 -3.474	 0.0005130000000000	 ***	
Elevation:Subsistence_Gathering	 -0.21353	 0.05087	 -4.198	 0.0000270000000000	 ***	
Elevation:Subsistence_Fishing	 -0.14517	 0.04922	 -2.949	 0.0031870000000000	 **	
Elevation:Subsistence_Mixed	 -0.16312	 0.04697	 -3.473	 0.0005150000000000	 ***	
McFadden’s	R2:	0.632	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1				3.294						1.308			2.519	
1|2				5.724						1.344			4.258	
2|3				7.743						1.428			5.422	
3|4				8.933						1.489			6.001	
4|5			10.107						1.543			6.552	
5|6			12.432						1.760			7.063	
6|7			13.324						1.974			6.751	
(134	observations	deleted	due	to	missingness)	
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QQ	plot	 Residuals	

  

 

Models	excluding	displacement	and	highways:	4AESR	and	4AE*SR	

Land area, elevation, subsistence, and language revitalization: 4AESR 

Formula: Vitality ~ Area + Elevation + Subsistence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 171	 -254.42	 540.84	 6(0)	 1.43E-10	 4.80E+05	

 

171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.54715	 0.11182	 4.893	 0.0000009925800000	 ***	
Elevation	 -0.00103	 0.01158	 -0.089	 0.9294000000000000	 	
Subsistence_hunting	 -0.41194	 0.49550	 -0.831	 0.4058000000000000	 	
Subsistence_gathering	 -0.60416	 0.56852	 -1.063	 0.2879000000000000	 	
Subsistence_fishing	 -1.10640	 0.49893	 -2.218	 0.0266000000000000	 *	
Subsistence_mixed	 -0.84251	 0.70347	 -1.198	 0.2311000000000000	 	
Revitalization_revitalization	 2.68026	 0.63915	 4.193	 0.0000274704600000	 ***	
Revitalization_education	 3.49820	 0.71394	 4.900	 0.0000009591000000	 ***	
Revitalization_immersion	 4.00852	 0.68674	 5.837	 0.0000000053200000	 ***	
McFadden’s	R2:	0.461	
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Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-0.4069					0.6965		-0.584	
1|2			1.8264					0.7490			2.439	
2|3			3.7143					0.7794			4.765	
3|4			4.8311					0.7957			6.072	
4|5			5.6147					0.8083			6.946	
5|6			7.0727					0.8708			8.122	
6|7			9.1457					1.2734			7.182	
(89	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	

  

 

Including	an	interaction	effect:	4AE*SR	

Formula: Vitality ~ Area + Elevation * Subsistence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 171	 -237.66	 515.32	 6(0)	 2.02E-08	 1.80E+06	
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171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 	
Land	area	 0.72216	 0.12096	 5.970	 0.0000000023700000	 ***	
Elevation	 0.17456	 0.03301	 5.288	 0.0000001233300000	 ***	
Subsistence_hunting	 5.87075	 1.35732	 4.325	 0.0000152353000000	 ***	
Subsistence_gathering	 7.26433	 1.74685	 4.159	 0.0000320308100000	 ***	
Subsistence_fishing	 4.66567	 1.52685	 3.056	 0.0022500000000000	 **	
Subsistence_mixed	 4.95757	 1.70471	 2.908	 0.0036400000000000	 **	
Revitalization_revitalization	 2.96422	 0.65193	 4.547	 0.0000054467500000	 ***	
Revitalization_education	 3.73944	 0.72693	 5.144	 0.0000002686900000	 ***	
Revitalization_immersion	 4.27713	 0.70112	 6.100	 0.0000000010600000	 ***	
Elevation:	Subsistence_hunting	 -0.20399	 0.03899	 -5.232	 0.0000001677000000	 ***	
Elevation:	Subsistence_gathering	 -0.23494	 0.04585	 -5.124	 0.0000002985400000	 ***	
Elevation:	Subsistence_fishing	 -0.18715	 0.04105	 -4.559	 0.0000051472100000	 ***	
Elevation:	Subsistence_mixed	 -0.19101	 0.04388	 -4.353	 0.0000134066100000	 ***	
McFadden’s	R2:	0.496	
	
 
Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1				4.929						1.171			4.208	
1|2				7.260						1.235			5.879	
2|3				9.435						1.315			7.174	
3|4			10.779						1.371			7.864	
4|5			11.681						1.403			8.325	
5|6			13.275						1.474			9.007	
6|7			15.578						1.819			8.565	
(89	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	
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4AE*SR with revitalization set to reference level 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 171	 -237.66	 515.32	 6(0)	 2.02E-08	 2.10E+06	

 

171	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.72216	 0.12096	 5.970	 0.0000000023700000	 ***	
Elevation	 0.17456	 0.03301	 5.288	 0.0000001233300000	 ***	
Subsistence_hunting	 5.87075	 1.35732	 4.325	 0.0000152353000000	 ***	
Subsistence_gathering	 7.26433	 1.74685	 4.159	 0.0000320308100000	 ***	
Subsistence_fishing	 4.66567	 1.52685	 3.056	 0.0022450000000000	 **	
Subsistence_mixed	 4.95757	 1.70471	 2.908	 0.0036360000000000	 **	
Revitalization_immersion	 1.31292	 0.37466	 3.504	 0.0004580000000000	 ***	
Revitalization_none	 -2.96422	 0.65193	 -4.547	 0.0000054467500000	 ***	
Revitalization_education	 0.77522	 0.42200	 1.837	 0.0662040000000000	 .	
Elevation:	Subsistence_hunting	 -0.20399	 0.03899	 -5.232	 0.0000001677000000	 ***	
Elevation:	Subsistence_gathering	 -0.23494	 0.04585	 -5.124	 0.0000002985400000	 ***	
Elevation:	Subsistence_fishing	 -0.18715	 0.04105	 -4.559	 0.0000051472100000	 ***	
Elevation:	Subsistence_mixed	 -0.19101	 0.04388	 -4.353	 0.0000134066100000	 ***	
McFadden’s	R2:	0.496	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1				1.965						1.061			1.851	
1|2				4.296						1.062			4.046	
2|3				6.471						1.132			5.716	
3|4				7.815						1.189			6.574	
4|5				8.717						1.222			7.131	
5|6			10.311						1.298			7.943	
6|7			12.613						1.677			7.522	
(89	observations	deleted	due	to	missingness)	

 

Models	excluding	subsistence	strategy	and	highways:	2AEDR	and	2ADR	

Land area, elevation, displacement, and language: 2AEDR 

Formula: Vitality ~ Area + Elevation + Displacement + Revitalization 
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link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 220	 -301.18	 632.36	 6(0)	 8.32E-07	 3.30E+05	

 
220	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.40963	 0.08768	 4.672	 0.0000029841779475	 ***	
Elevation	 0.00572	 0.00901	 0.635	 0.5260000000000000	 	
Displacement_outside	 0.40391	 0.45642	 0.885	 0.3760000000000000	 	
Displacement_inside	 0.34651	 0.50522	 0.686	 0.4930000000000000	 	
Displacement_both	 0.82856	 0.39290	 2.109	 0.0350000000000000	 *	
Revitalization_revitalization	 2.63643	 0.47837	 5.511	 0.0000000356336785	 ***	
Revitalization_education	 3.50153	 0.60740	 5.765	 0.0000000081771527	 ***	
Revitalization_immersion	 4.30809	 0.54785	 7.864	 0.0000000000000037	 ***	
McFadden’s	R2:	0.361	
 
Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			2.0294					0.5301			3.829	
1|2			3.6518					0.5823			6.271	
2|3			5.2894					0.6220			8.505	
3|4			6.1411					0.6406			9.586	
4|5			7.1308					0.6697		10.648	
5|6			8.8410					0.8048		10.985	
6|7		10.2695					1.1818			8.690	
(40	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	
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Excluding	elevation:	2ADR	

Formula: Vitality ~ Area + Displacement + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 220	 -301.38	 630.76	 6(0)	 2.39E-08	 5.90E+02	

 
220	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.42008	 0.08618	 4.875	 0.0000010895921961	 ***	
Displacement_outside	 0.35163	 0.45001	 0.781	 0.4346000000000000	 	
Displacement_inside	 0.35471	 0.50663	 0.700	 0.4838000000000000	 	
Displacement_both	 0.85036	 0.39204	 2.169	 0.0301000000000000	 *	
Revitalization_revitalization	 2.67221	 0.47648	 5.608	 0.0000000204424330	 ***	
Revitalization_education	 3.56090	 0.60062	 5.929	 0.0000000030543190	 ***	
Revitalization_immersion	 4.32536	 0.54786	 7.895	 0.0000000000000029	 ***	
McFadden’s	R2:	0.361	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			1.8574					0.4527			4.103	
1|2			3.4711					0.5044			6.882	
2|3			5.1019					0.5430			9.395	
3|4			5.9562					0.5663		10.517	
4|5			6.9508					0.6027		11.532	
5|6			8.6667					0.7534		11.503	
6|7		10.0964					1.1478			8.796	
(40	observations	deleted	due	to	missingness)	
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QQ-plot	 Residuals	

  

 

Models	excluding	subsistence	strategy	and	displacement:	3AEHR	and	3AHR	

Land area, elevation, highways, and language revitalization: 3AEHR 

Formula: Vitality ~ Area + Elevation + Highways + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 177	 -266.33	 558.66	 6(0)	 4.02E-08	 3.70E+05	

 
177	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.26464	 0.09701	 2.728	 0.0063700000000000	 **	
Elevation	 0.01030	 0.00926	 1.112	 0.2660900000000000	 	
Highway_yes	 0.91590	 0.31246	 2.931	 0.0033800000000000	 **	
Revitalization_revitalization	 2.15330	 0.53824	 4.001	 0.0000631756590000	 ***	
Revitalization_education	 2.96636	 0.63742	 4.654	 0.0000032600740000	 ***	
Revitalization_immersion	 3.83656	 0.61755	 6.213	 0.0000000005210000	 ***	
McFadden’s	R2:	0.435	
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Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			1.3467					0.5931			2.271	
1|2			3.0183					0.6427			4.696	
2|3			4.5884					0.6821			6.727	
3|4			5.3541					0.6968			7.684	
4|5			6.4100					0.7307			8.772	
5|6			8.2792					0.9048			9.150	
6|7			9.4071					1.2201			7.710	
(83	observations	deleted	due	to	missingness)	

 

QQ	plot	 Residuals	

  

 

Excluding	elevation:	3AHR	

Formula: Vitality ~ Area + Hwy_presence + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 177	 -266.95	 557.9	 6(0)	 8.81E-09	 6.80E+02	
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177	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.29149	 0.09406	 3.099	 0.0019400000000000	 **	
Highway_yes	 0.87655	 0.30952	 2.832	 0.0046300000000000	 **	
Revitalization_revitalization	 2.18953	 0.53835	 4.067	 0.0000476043670000	 ***	
Revitalization_education	 3.03876	 0.63370	 4.795	 0.0000016245190000	 ***	
Revitalization_immersion	 3.82713	 0.61693	 6.203	 0.0000000005520000	 ***	
McFadden’s	R2:	0.434	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			0.9950					0.4997			1.991	
1|2			2.6473					0.5453			4.855	
2|3			4.2073					0.5838			7.206	
3|4			4.9767					0.6023			8.262	
4|5			6.0345					0.6417			9.404	
5|6			7.9067					0.8353			9.465	
6|7			9.0334					1.1689			7.728	
(83	observations	deleted	due	to	missingness)	
	
QQ	plot	 Residuals	

  

 

Models	fit	to	all	languages	in	dataset:	1AER	and	1AR	

Land area, elevation, and language revitalization: 1AER 
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Formula: Vitality ~ Area + Elevation + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 260	 -370.43	 764.86	 6(0)	 8.76E-07	 3.50E+05	

 
260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.592330	 0.080593	 7.350	 0.0000000000001987	 ***	
Elevation	 -0.003823	 0.008189	 -0.467	 0.6410000000000000	 	
Revitalization_revitalization	 3.064098	 0.476372	 6.432	 0.0000000001258103	 ***	
Revitalization_education	 4.114091	 0.548511	 7.500	 0.0000000000000636	 ***	
Revitalization_immersion	 4.494268	 0.524606	 8.567	 <0.0000000000000002	 ***	
McFadden’s	R2:	0.215	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			1.4878					0.4719			3.153	
1|2			3.0455					0.5214			5.841	
2|3			4.8020					0.5579			8.607	
3|4			5.7375					0.5732		10.010	
4|5			6.5393					0.5896		11.091	
5|6			7.7690					0.6393		12.152	
6|7		10.4704					1.1578			9.044	
	
QQ	plot	 Residuals	
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Excluding	elevation:	1AR	

Formula: Vitality ~ Area + Revitalization 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 260	 -370.54	 763.08	 6(0)	 1.50E-07	 7.6e+02	

 
260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001683	 ***	
Revitalization_revitalization	 3.03216	 0.47066	 6.442	 0.0000000001176670	 ***	
Revitalization_education	 4.06027	 0.53560	 7.581	 0.0000000000000343	 ***	
Revitalization_immersion	 4.46556	 0.52054	 8.579	 <0.0000000000000002	 ***	
McFadden’s	R2:	0.214	
	
Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1			1.5975					0.4102			3.895	
1|2			3.1608					0.4607			6.861	
2|3			4.9186					0.5007			9.823	
3|4			5.8503					0.5215		11.218	
4|5			6.6478					0.5435		12.231	
5|6			7.8706					0.6024		13.066	
6|7		10.5674					1.1395			9.274	

 

QQ	plot	 Residuals	
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Model 1AR with “revitalization” set to reference level 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 260	 -370.54	 763.08	 6(0)	 1.50E-07	 3.50E+02	

 

260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001680	 ***	
Revitalization_immersion	 1.43340	 0.30979	 4.627	 0.0000037099518840	 ***	
Revitalization_none	 -3.03216	 0.47066	 -6.442	 0.0000000001176670	 ***	
Revitalization_education	 1.02811	 0.33518	 3.067	 0.0021600000000000	 **	

 

Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-1.4346					0.2351		-6.103	
1|2			0.1287					0.2018			0.638	
2|3			1.8864					0.2414			7.814	
3|4			2.8182					0.2738		10.294	
4|5			3.6156					0.3087		11.711	
5|6			4.8384					0.3990		12.125	
6|7			7.5353					1.0450			7.211	

 

Model 1AR with “education” set to reference level 

link	 threshold	 nobs	 logLik	 AIC	 niter	 max.grad	 cond.H	
logit	 flexible	 260	 -370.54	 763.08	 6(0)	 1.50E-07	 3.90E+02	

 

260	languages	 Estimate	 Std.	Error	 z	value	 Pr(>|z|)	 Signf.	code	
Land	area	 0.58639	 0.07954	 7.372	 0.0000000000001683	 ***	
Revitalization_revitalization	 -1.02811	 0.33518	 -3.067	 0.0021600000000000	 **	
Revitalization_immersion	 0.40529	 0.34794	 1.165	 0.2440800000000000	

	Revitalization_none	 -4.06027	 0.53560	 -7.581	 0.0000000000000343	 ***	
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Threshold	coefficients:	
				Estimate	Std.	Error	z	value	
0|1		-2.4627					0.3515		-7.006	
1|2		-0.8994					0.3047		-2.951	
2|3			0.8583					0.2956			2.903	
3|4			1.7901					0.3172			5.644	
4|5			2.5875					0.3499			7.396	
5|6			3.8103					0.4342			8.776	
6|7			6.5072					1.0594			6.142	
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Appendix E. Model predictions and LEI vitality rankings by language 

	 	
Model	Predictions	 LEI	Vitality	

Rank	Language	 ISO	 1AR	 4AE*SR	 2ADR	 3AHR	
Eastern	Abenaki	 aaq	 2	 2	 2	 2	 0	
Western	Abenaki	 abe	 2	 NA	 1	 NA	 2	
Achumawi	 acv	 2	 1	 2	 1	 2	
Alsea	 aes	 0	 0	 0	 0	 0	
Ahtna	 aht	 2	 NA	 2	 2	 2	
Alabama	 akz	 2	 NA	 1	 1	 4	
Aleut	 ale	 2	 2	 2	 2	 4	
Algonquin	 alq	 2	 NA	 NA	 NA	 5	
Jicarilla	 apj	 2	 2	 2	 2	 4	
Kiowa	Apache	 apk	 0	 1	 0	 0	 1	
Lipan	 apl	 0	 1	 0	 NA	 1	
Mescalero-Chiricahua	 apm	 5	 3	 5	 5	 5	
Western	Apache	 apw	 2	 2	 2	 2	 5	
Atakapa	 aqp	 0	 NA	 0	 NA	 0	
Arikara	 ari	 2	 1	 2	 2	 2	
Arapaho	 arp	 5	 3	 2	 5	 3	
Assiniboine	 asb	 5	 5	 5	 2	 4	
Atikamekw	 atj	 2	 NA	 NA	 NA	 6	
Gros	Ventre	 ats	 2	 3	 2	 2	 1	
Atsugewi	 atw	 0	 0	 0	 0	 1	
Babine	 bcr	 2	 NA	 NA	 NA	 3	
Beaver	 bea	 5	 3	 NA	 NA	 3	
Siksika	 bla	 5	 3	 4	 2	 4	
Bella	Coola	 blc	 2	 2	 NA	 NA	 2	
Biloxi	 bll	 1	 NA	 1	 1	 0	
Barbareño	 boi	 0	 NA	 0	 NA	 1	
Yatasi/Caddo	 cad	 2	 2	 2	 2	 2	
Cayuga	 cay	 2	 NA	 2	 2	 3	
Lower	Chehalis	 cea	 0	 0	 0	 0	 0	
Catawba	 chc	 2	 3	 2	 2	 1	
Lower	Chinook	 chh	 0	 0	 0	 0	 0	
Cahuilla	 chl	 2	 1	 2	 2	 2	
Choctaw	 cho	 2	 2	 2	 2	 6	
Chipewyan	 chp	 3	 5	 NA	 NA	 5	
Cherokee	 chr	 2	 5	 4	 4	 5	
Cheyenne	 chy	 2	 2	 2	 2	 4	
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Chickasaw	 cic	 2	 2	 2	 2	 4	
Chimariko	 cid	 0	 NA	 0	 NA	 0	
Central	Southern	Ojibwa	 ciw	 5	 5	 5	 5	 5	
Upper	Chehalis	 cjh	 0	 NA	 0	 0	 0	
Koasati	 cku	 2	 NA	 2	 1	 3	
Chilcotin	 clc	 2	 2	 NA	 NA	 3	
Clallam	 clm	 2	 1	 2	 2	 1	
Cocopa	 coc	 0	 NA	 0	 0	 4	
Columbia-Wenatchi	 col	 2	 2	 2	 1	 2	
Comanche	 com	 2	 3	 2	 2	 3	
Comox	 coo	 2	 2	 NA	 NA	 2	
Cowlitz	 cow	 1	 NA	 1	 1	 0	
Coeur	d'	Alene	 crd	 2	 2	 1	 1	 2	
Plains	Cree	 crk	 5	 5	 NA	 NA	 3	
East	Cree	 crl	 5	 NA	 NA	 NA	 6	
Crow	 cro	 2	 2	 2	 2	 5	
Carolina	Algonquian	 crr	 0	 NA	 0	 NA	 0	
Carrier	 crx	 2	 3	 NA	 NA	 3	
Island	Chumash	 crz	 0	 0	 0	 NA	 0	
Coast	Miwok	 csi	 1	 1	 0	 NA	 1	
Central	Sierra	Miwok	 csm	 1	 1	 1	 1	 2	
Southern	Ohlone	 css	 1	 NA	 0	 NA	 0	
Northern	Ohlone	 cst	 1	 NA	 1	 NA	 1	
Swampy	Cree	 csw	 2	 3	 NA	 NA	 6	
Coos	 csz	 0	 1	 1	 1	 1	
Chitimacha	 ctm	 2	 1	 2	 2	 1	
Cupeño	 cup	 0	 0	 0	 0	 1	
Woods	Cree	 cwd	 2	 NA	 NA	 NA	 6	
Dakota	 dak	 5	 5	 5	 5	 4	
Dogrib	 dgr	 5	 5	 NA	 NA	 4	
Tipai/Ipai	 dih	 2	 5	 1	 2	 3	
Ditidaht	 dtd	 2	 NA	 NA	 NA	 2	
Pacific	Gulf	Yupik	 ems	 3	 3	 5	 2	 3	
North	Alaskan	Inupiatun	 esi	 5	 5	 5	 4	 3	
Seward	Peninsula	Inupiatun	 esk	 2	 3	 4	 2	 3	
Esselen	 esq	 0	 NA	 0	 NA	 0	
Central	Alaskan	Yupik	 esu	 5	 3	 5	 2	 5	
Eyak	 eya	 2	 2	 2	 1	 1	
Galice	 gce	 0	 NA	 0	 0	 0	
Nass-Gitksan	 git	 2	 2	 NA	 NA	 3	
Gwich'in	 gwi	 5	 5	 5	 4	 3	
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Han	 haa	 2	 2	 2	 2	 2	
Haisla	 has	 2	 2	 NA	 NA	 2	
Heiltsuk-Oowekyala	 hei	 2	 2	 NA	 NA	 2	
Hidatsa	 hid	 2	 2	 2	 2	 2	
Holikachuk	 hoi	 2	 2	 2	 1	 1	
Hopi	 hop	 2	 5	 2	 4	 5	
Hupa	 hup	 2	 2	 2	 2	 2	
Halkomelem	 hur	 2	 2	 2	 NA	 3	
Eastern	Canadian	Inuktitut	 ike	 6	 5	 NA	 NA	 6	
Western	Canadian	Inuktitut	 ikt	 6	 5	 5	 NA	 6	
Degexit'an	 ing	 2	 2	 2	 1	 3	
Ineseño	 inz	 0	 NA	 1	 1	 0	
Iowa-Otoe	 iow	 2	 2	 2	 2	 1	
Eastern	Keres	 kee	 2	 5	 2	 2	 4	
Kickapoo	 kic	 2	 1	 2	 2	 5	
Kitsai	 kii	 0	 NA	 0	 0	 0	
Kiowa	 kio	 2	 3	 2	 NA	 2	
Acoma	 kjq	 1	 2	 1	 2	 5	
Kashaya	 kju	 0	 1	 0	 0	 2	
Kaska	 kkz	 2	 3	 NA	 NA	 3	
Klamath-Modoc	 kla	 2	 2	 2	 1	 1	
Koyukon	 koy	 5	 3	 5	 2	 2	
Karkin	 krb	 0	 NA	 0	 NA	 0	
Kansa	 ksk	 2	 NA	 2	 2	 1	
Kato	 ktw	 0	 NA	 0	 0	 0	
Kootenai	 kut	 2	 2	 2	 2	 2	
Upper	Kuskokwim	 kuu	 2	 NA	 2	 2	 2	
Kwak'wala	 kwk	 2	 2	 NA	 NA	 3	
Karuk	 kyh	 2	 1	 2	 2	 2	
Kalapuya	 kyl	 0	 NA	 0	 0	 0	
Lillooet	 lil	 2	 2	 NA	 NA	 2	
Lakota	 lkt	 3	 3	 5	 2	 3	
Lake	Miwok	 lmw	 0	 1	 0	 0	 1	
Laurentian	 lre	 0	 NA	 0	 NA	 0	
Luiseño	 lui	 2	 2	 2	 2	 1	
Lushootseed	 lut	 2	 NA	 2	 2	 2	
Molala	 mbe	 0	 NA	 0	 0	 0	
Menominee	 mez	 2	 3	 2	 1	 3	
Mandan	 mhq	 2	 2	 1	 1	 1	
Miami	 mia	 2	 2	 2	 2	 1	
Micmac	 mic	 2	 2	 NA	 NA	 5	
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Mikasuki	 mik	 2	 NA	 2	 4	 5	
Konkow	 mjd	 1	 NA	 1	 1	 2	
Mahican	 mjy	 2	 NA	 1	 1	 0	
Saclan	 mkq	 0	 NA	 0	 NA	 0	
Mono	 mnr	 2	 2	 2	 1	 2	
Montagnais	 moe	 5	 NA	 NA	 NA	 6	
Mohegan-Pequot-Narragansett	 mof	 1	 NA	 1	 1	 0	
Mohawk	 moh	 2	 NA	 2	 2	 4	
Mojave	 mov	 1	 2	 1	 2	 2	
Maricopa	 mrc	 2	 2	 2	 2	 3	
Creek	 mus	 3	 5	 5	 5	 3	
Mattole	 mvb	 0	 1	 0	 0	 0	
Makah	 myh	 0	 1	 0	 0	 1	
Haida	 nai	 2	 2	 2	 2	 2	
Navajo	 nav	 2	 6	 2	 4	 7	
Natchez	 ncz	 2	 1	 1	 NA	 1	
Nez	Perce	 nez	 2	 2	 2	 2	 2	
Maidu	 nmu	 1	 1	 1	 1	 1	
Nanticoke-Conoy	 nnt	 0	 NA	 0	 0	 0	
Nooksack	 nok	 2	 NA	 1	 1	 0	
Naskapi	 nsk	 5	 5	 NA	 NA	 6	
Northern	Sierra	Miwok	 nsq	 1	 NA	 1	 1	 2	
Nisenan	 nsz	 2	 1	 1	 1	 1	
Nottoway	 ntw	 1	 NA	 1	 1	 0	
Nuu-chah-nulth	 nuk	 2	 2	 NA	 NA	 2	
Nawathinehena	 nwa	 0	 NA	 0	 NA	 0	
Obispeño	 obi	 0	 NA	 0	 NA	 0	
Ofo	 ofo	 2	 NA	 1	 NA	 0	
Eastern	Ojibwa	 ojg	 2	 2	 NA	 NA	 5	
Severn	Ojibwa	 ojs	 5	 5	 NA	 NA	 6	
Salteaux	 ojw	 5	 5	 2	 NA	 5	
Okanagan	 oka	 2	 2	 4	 2	 2	
Omaha-Ponca	 oma	 2	 2	 2	 1	 3	
Oneida	 one	 2	 NA	 2	 2	 4	
Onondaga	 ono	 2	 NA	 2	 2	 2	
Tohono/Akimel	O'odham	 ood	 2	 NA	 2	 2	 6	
Osage	 osa	 5	 NA	 5	 2	 1	
Ottawa	 otw	 2	 2	 NA	 NA	 3	
Northern	Paiute	 pao	 3	 3	 2	 2	 2	
Panamint	 par	 2	 2	 2	 1	 2	
Pawnee	 paw	 2	 3	 2	 2	 2	
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Eastern	Pomo	 peb	 0	 1	 0	 0	 1	
Northeastern	Pomo	 pef	 0	 NA	 0	 NA	 0	
Northern	Pomo	 pej	 1	 1	 1	 1	 1	
Southern	Pomo	 peq	 0	 1	 0	 1	 2	
Piro	 pie	 0	 NA	 0	 NA	 0	
Powhatan	 pim	 2	 NA	 1	 1	 0	
Plains	Miwok	 pmw	 1	 NA	 1	 1	 1	
Southeastern	Pomo	 pom	 0	 NA	 0	 0	 1	
Central	Pomo	 poo	 0	 NA	 1	 1	 1	
Potawatomi	 pot	 2	 3	 2	 2	 2	
Malicite-Passamaquoddy	 pqm	 2	 NA	 2	 2	 4	
Pentlach	 ptw	 0	 NA	 NA	 NA	 0	
Purismeño	 puy	 0	 NA	 0	 NA	 0	
Patwin	 pwi	 2	 2	 2	 2	 2	
Quapaw	 qua	 2	 NA	 2	 2	 1	
Quileute	 qui	 2	 1	 1	 1	 1	
Quinault	 qun	 1	 1	 1	 1	 0	
Kwalhioqua/Clatskanie	 qwt	 0	 NA	 0	 0	 0	
Quiripi	 qyp	 0	 NA	 0	 NA	 0	
Fox	 sac	 2	 2	 2	 4	 3	
North	Slavey	 scs	 2	 3	 NA	 NA	 4	
Sechelt	 sec	 2	 NA	 NA	 NA	 2	
Seneca	 see	 2	 2	 2	 2	 2	
Sekani	 sek	 2	 3	 NA	 NA	 2	
Serrano	 ser	 2	 2	 2	 2	 1	
Shoshoni	 shh	 5	 5	 5	 5	 4	
Shuswap	 shs	 3	 3	 NA	 NA	 2	
Shasta	 sht	 2	 1	 2	 1	 0	
Siuslaw	 sis	 1	 1	 1	 1	 1	
Shawnee	 sjw	 2	 2	 2	 2	 3	
Southern	Sierra	Miwok	 skd	 1	 NA	 1	 NA	 2	
Salinan	 sln	 0	 0	 0	 NA	 0	
Spokane	 spo	 2	 2	 2	 2	 3	
Susquehannock	 sqn	 0	 NA	 0	 NA	 0	
Squamish	 squ	 2	 1	 NA	 NA	 2	
Sarcee	 srs	 2	 3	 NA	 NA	 2	
Stoney	 sto	 2	 NA	 NA	 NA	 4	
Northern	Straits	 str	 2	 2	 2	 2	 2	
Lower	Tanana	 taa	 2	 NA	 2	 2	 2	
Upper	Tanana	 tau	 2	 2	 2	 2	 2	
Tanacross	 tcb	 2	 NA	 2	 2	 2	
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Southern	Tutchone	 tce	 2	 NA	 2	 NA	 3	
Rio	Grande	Tewa	 tew	 2	 5	 2	 2	 4	
Tanaina	 tfn	 2	 2	 2	 2	 3	
Tagish	 tgx	 2	 NA	 1	 NA	 2	
Thompson	 thp	 2	 2	 2	 NA	 3	
Tahltan	 tht	 3	 3	 NA	 NA	 2	
Tillamook	 til	 1	 1	 1	 1	 0	
Southern	Tiwa	 tix	 2	 5	 2	 2	 4	
Timucua/Tawasa	 tjm	 0	 1	 0	 NA	 0	
Takelma	 tkm	 1	 1	 1	 2	 0	
Tlingit	 tli	 5	 3	 5	 2	 2	
Rogue	River	Athabaskan	 tol	 2	 2	 2	 2	 1	
Towa	 tow	 2	 3	 2	 2	 5	
Tenino	 tqn	 2	 2	 2	 4	 2	
Tonkawa	 tqw	 2	 NA	 2	 2	 0	
Tutelo-Saponi	 tta	 2	 NA	 2	 2	 0	
Northern	Tutchone	 ttm	 2	 3	 NA	 NA	 3	
Tubatulabal	 tub	 1	 1	 1	 1	 2	
Tunica	 tun	 2	 NA	 1	 1	 1	
Tuscarora	 tus	 2	 NA	 2	 2	 2	
Twana	 twa	 1	 1	 1	 1	 0	
Taos	 twf	 0	 1	 0	 0	 4	
Tsetsaut	 txc	 0	 NA	 0	 NA	 0	
Umatilla	 uma	 2	 2	 2	 2	 2	
Munsee	Delaware	 umu	 2	 NA	 2	 2	 2	
Unami	Delaware	 unm	 2	 2	 2	 2	 1	
Ute-Southern	Paiute	 ute	 5	 3	 4	 4	 4	
Ventureño	 veo	 1	 NA	 0	 NA	 0	
Sahaptin-Walla	Walla	 waa	 2	 NA	 1	 2	 2	
Wasco/Kathlamet	 wac	 0	 0	 0	 0	 1	
Wampanoag	 wam	 2	 NA	 2	 2	 1	
Wappo	 wao	 0	 1	 0	 1	 1	
Washo	 was	 2	 2	 2	 2	 3	
Wichita	 wic	 0	 1	 0	 1	 1	
Ho-Chunk	 win	 2	 3	 2	 2	 4	
Wintu	 wit	 2	 2	 2	 1	 1	
Wiyot	 wiy	 0	 1	 0	 1	 1	
Eel	River	Athabaskan	 wlk	 1	 1	 1	 1	 1	
Huron	 wya	 2	 2	 2	 2	 0	
Adai	 xad	 0	 NA	 0	 0	 0	
Apalachee	 xap	 0	 NA	 0	 NA	 0	
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Kawaiisu	 xaw	 2	 2	 1	 NA	 2	
Chemakum	 xch	 0	 NA	 0	 NA	 0	
Comecrudan	 xcm	 0	 NA	 0	 NA	 0	
Cotoname	 xcn	 0	 NA	 0	 NA	 0	
Coahuilteco	 xcw	 0	 1	 0	 NA	 0	
Cayuse	 xcy	 0	 NA	 0	 0	 0	
Loup	 xlo	 2	 NA	 1	 1	 0	
Slavey	 xsl	 2	 3	 NA	 NA	 5	
Woccon	 xwc	 0	 NA	 0	 0	 0	
Yakama	 yak	 2	 2	 2	 2	 2	
Yana	 ynn	 0	 0	 0	 0	 0	
Northern	Yokuts	 yok	 2	 2	 2	 1	 2	
Yuchi	 yuc	 2	 2	 2	 NA	 2	
Havasupai-Walapai-Yavapai	 yuf	 2	 NA	 4	 2	 5	
Northern	Yukian	 yuk	 1	 1	 1	 1	 0	
Quechan	 yum	 2	 2	 2	 2	 2	
Yurok	 yur	 2	 1	 2	 1	 1	
Karankawa	 zkk	 0	 0	 0	 NA	 0	
Zuni	 zun	 2	 2	 2	 1	 5	

 



 

 
166 

References 
Alaska Native Language Archive. Alaska Native Place Names. University of Alaska Fairbanks. 

https://www.uaf.edu/anla/collections/map/names/. (13 April, 2021). 
Amano, T., B. Sandel, H. Eager, E. Bulteau, J.-C. Svenning, B. Dalsgaard, C. Rahbek, R. G. 

Davies & W. J. Sutherland. 2014. Global distribution and drivers of language extinction 
risk. Proceedings of the Royal Society B: Biological Sciences 281. 20141574. 
https://doi.org/10.1098/rspb.2014.1574. 

Anderson, Gregory D.S. 2011. Language Hotspots: what (applied) linguistics and education 
should do about language endangerment in the twenty-first century. Language and 
Education 25(4). 273–289. https://doi.org/10.1080/09500782.2011.577218. 

Anonby, Stan & David M Eberhard. 2016. A tale of two worlds: A comparative study of 
language ecologies in Asia and the Americas. Language Documentation & Conservation 
10. 601–628. 

baird, jessie little doe. 2013. How did this happen to my language? In Leanne Hinton (ed.), 
Brining our Languages Home: Language Revitalization for Families, 19–30. Berkeley, 
California: Heyday Books. 

Baldwin, Daryl & David J. Costa. 2018. Myaamiaataweenki: Revitalization of a Sleeping 
Language. In Kenneth L. Rehg & Lyle Campbell (eds.), The Oxford Handbook of 
Endangered Languages, 552–570. Oxford University Press. 
https://doi.org/10.1093/oxfordhb/9780190610029.013.26. 

Barry, H III. 1980. Ethnographic Atlas XXVIII. Ethnology (19). 245–263. 

Bellwood, Peter S. 2005. First Farmers: the origins of agricultural societies. Malden, MA: 
Blackwell Pub. 

Bernard, H. Russell. 1992. Preserving Language Diversity. Human Organization 51(1). 82–29. 
Binford, Lewis R. 2001. Constructing Frames of Reference: An Analytical Method for 

Archaeological Theory Building Using Hunter-gatherer and Environmental Data Sets. 
University of California Press. 

Binford, Lewis R. & Amber L. Johnson. 2006. Program for calculating environmental and 
hunter-gatherer frames of reference (ENVCALC2). 

Blum Martinez, Rebecca. 2000. Languages and Tribal Sovereignty: Whose Language Is It 
Anyway? Theory Into Practice 39(4). 211–219. 
https://doi.org/10.1207/s15430421tip3904_4. 

Blust, Robert. 1984. The Austronesian Homeland: A linguistic Perspective. Asian Perspectives 
26(1). 45–67. 

Bondarenko, D, A Kazankov, D Khaltourina & A Korotayev. 2005. Ethnographic atlas XXXI: 
Peoples of eastern-most Europe. Ethnology 261–289. 

Bouckaert, R., P. Lemey, M. Dunn, S. J. Greenhill, A. V. Alekseyenko, A. J. Drummond, R. D. 
Gray, M. A. Suchard & Q. D. Atkinson. 2012. Mapping the Origins and Expansion of the 



 

 
167 

Indo-European Language Family. Science 337(6097). 957–960. 
https://doi.org/10.1126/science.1219669. 

Bowern, Claire & Natasha Warner. 2015. 'Lone Wolves’ and Collaboration: A reply to Crippen 
& Robinson (2013). Language Documentation 9. 59–85. 

Breton, Roland J. L. 1991. Geolinguistics: language dynamics and ethnolinguistic geography. 
Ottawa: University of Ottawa Press. 

Bromham, Lindell, Russell Dinnage, Hedvig Skirgård, Andrew Ritchie, Marcel Cardillo, Felicity 
Meakins, Simon Greenhill & Xia Hua. 2022. Global predictors of language 
endangerment and the future of linguistic diversity. Nature Ecology & Evolution 6(2). 
163–173. https://doi.org/10.1038/s41559-021-01604-y. 

Campbell, Lyle, Terrence Kaufman & Thomas C. Smith-Stark. 1986. Meso-America as a 
Linguistic Area. Language 62(3). 530–570. 

Carter, Thomas, Edward Chappell & Timothy McCleary. 2005. In the Lodge of the Chickadee: 
Architecture and Cultural Resistance on the Crow Indian Reservation, 1884-1920. 
Perspectives in Vernacular Architecture 10, Building Environments. 97–111. 

Center for International Earth Science Information Network - CIESIN - Columbia University, 
and Information Technology Outreach Services - ITOS - University of Georgia. 2013. 
Global Roads Open Access Dataset, Version 1 (gROADSv1). NASA Socioeconomic 
Data and Applications Center (SEDAC). https://doi.org/10.7927/H4VD6WCT. (8 
January, 2021). 

Center for International Earth Science Information Network (CIESIN). 2013. Documentation for 
the Global Roads Open Access Data Set, Version 1 (gROADSv1). NASA Socioeconomic 
Data and Applications Center (SEDAC). 

Cobb, Charles R. 2003. Mississippian Chiefdoms: How Complex? Annual Review of 
Anthropology 32(1). 63–84. https://doi.org/10.1146/annurev.anthro.32.061002.093244. 

Currie, T. E. & R. Mace. 2009. Political complexity predicts the spread of ethnolinguistic 
groups. Proceedings of the National Academy of Sciences 106(18). 7339–7344. 
https://doi.org/10.1073/pnas.0804698106. 

Danielson, Jeffrey J. & Dean B. Gesch. 2011. Global Multi-resolution Terrain Elevation Data 
2010 (GMTED2010): U.S. Geological Survey Open-File Report. 

Davis, Jenny L. 2017. Resisting rhetorics of language endangerment: Reclamation through 
Indigenous language survivance. (Ed.) Wesley Y. Leonard & Haley De Korne. Language 
Documentation and Description 14. 37–58. 

Denevan, William M. 1992. Native Population of the Americas in 1492. Madison: University of 
Wisconsin Press. 

Denevan, William M. 2016. After 1492: Nature Rebounds. Geographical Review 106(3). 381–
398. https://doi.org/10.1111/j.1931-0846.2016.12175.x. 



 

 
168 

Deputy Director for Public Health Science and Surveillance, Center for Surveillance, 
Epidemiology, and Laboratory Services, Division of Scientific Education and 
Professional Development. 2012. An Introduction to Applied Epidemiology and 
Biostatistics (Principles of Epidemiology in Public Health and Practice Third Edition). 
https://www.cdc.gov/csels/dsepd/ss1978/lesson1/section2.html. 

Diamond, J. & Peter S. Bellwood. 2003. Farmers and Their Languages: The First Expansions. 
Science 300(5619). 597–603. https://doi.org/10.1126/science.1078208. 

Díaz, Sandra, Josef Settele, Eduardo S. Brondízio, Hien T. Ngo, John Agard, Almut Arneth, 
Patricia Balvanera, et al. 2019. Pervasive human-driven decline of life on Earth points to 
the need for transformative change. Science 366(6471). eaax3100. 
https://doi.org/10.1126/science.aax3100. 

Eberhard, David M., Gary F. Simons, and Charles D. Fennig (eds.). 2020. Ethnologue: 
Languages of the World. 23rd edn. Dallas, Texas: SIL International. 
http://www.ethnologue.com/. 

Emeneau, M. B. 1956. India as a Lingustic Area. Language 32(1). 3. 
https://doi.org/10.2307/410649. 

Evans, Nicholas. 2017. Did language evolve in multilingual settings? Biology & Philosophy 
32(6). 905–933. https://doi.org/10.1007/s10539-018-9609-3. 

Fellman, Jack. 1973. The revival of a classical tongue Eliezer Ben Yehuda and the modern 
Hebrew language. The Hague: Mouton. 

Fernández-Llamazares, Álvaro, Dana Lepofsky, Ken Lertzman, Chelsey Geralda Armstrong, 
Eduardo S. Brondizio, Michael C. Gavin, Phil O’B. Lyver, et al. 2021. Scientists’ 
Warning to Humanity on Threats to Indigenous and Local Knowledge Systems. Journal 
of Ethnobiology 41(2). https://doi.org/10.2993/0278-0771-41.2.144. 

Fishman, Joshua A. 1991. Reversing Language Shift: Theoretical and Empirical Foundations of 
Assistance to Threatened Languages. Vol. 76. Multilingual Matters. 

Fitzgerald, Colleen M. 2017. Understanding language vitality and reclamation as resilience: A 
framework for language endangerment and ‘loss’ (Commentary on Mufwene). Language 
93(4). e280–e297. https://doi.org/10.1353/lan.2017.0072. 

Gao, Katie B. 2015. Assessing the Linguistic Vitality of Miqie: An Endangered Ngwi (Loloish) 
Language of Yunnan, China. Language Documentation 9. 28. 

Gavin, Michael C., Carlos A. Botero, Claire Bowern, Robert K. Colwell, Michael Dunn, Robert 
R. Dunn, Russell D. Gray, et al. 2013. Toward a Mechanistic Understanding of Linguistic 
Diversity. BioScience 63(7). 524–535. https://doi.org/10.1525/bio.2013.63.7.6. 

Gavin, Michael C., Thiago F. Rangel, Claire Bowern, Robert K. Colwell, Kathryn R. Kirby, 
Carlos A. Botero, Michael Dunn, et al. 2017. Process-based modelling shows how 
climate and demography shape language diversity: Simulation models reveal language 
diversification mechanisms. Global Ecology and Biogeography 26(5). 584–591. 
https://doi.org/10.1111/geb.12563. 



 

 
169 

Gavin, Michael C. & Nokuthaba Sibanda. 2012. The island biogeography of languages: Island 
biogeography of languages. Global Ecology and Biogeography 21(10). 958–967. 
https://doi.org/10.1111/j.1466-8238.2011.00744.x. 

Global Mapping International. 2010. World language mapping system version 16.0. Colorado 
Springs, CO: Global Mapping International. http://www. 
worldgeodatasets.com/language/. 

Gorenflo, L. J., Suzanne Romaine, Russell A. Mittermeier & Kristen Walker-Painemilla. 2012. 
Co-occurrence of linguistic and biological diversity in biodiversity hotspots and high 
biodiversity wilderness areas. Proceedings of the National Academy of Sciences 109(21). 
8032–8037. https://doi.org/10.1073/pnas.1117511109. 

Gracey, Michael & Malcolm King. 2009. Indigenous health part 1: determinants and disease 
patterns. The Lancet 374(9683). 65–75. https://doi.org/10.1016/S0140-6736(09)60914-4. 

Gray, J Patrick. 1999. A Corrected Ethnographic Atlas. World Cultures 10(1). 24–85. 
Grenoble, Lenore A. 2016. A response to ‘Assessing levels of endangerment in the Catalogue of 

Endangered Languages (ELCat) using the Language Endangerment Index (LEI)’, by 
Nala Huiying Lee & John Van Way. Language in Society 45(02). 293–300. 
https://doi.org/10.1017/S0047404515000950. 

Grenoble, Lenore A. & Lindsay J. Whaley. 2005. Saving languages: An introduction to language 
revitalization. Cambridge University Press. 

Hammarström, Harald, Sebastian Bank, Robert Forkel & Martin Haspelmath. 2018. Glottolog 
3.2. Jena: Max Planck Institute for the Science of Human History. http://glottolog.org. 
(25 January, 2018). 

Hammarström, Harald, Robert Forkel, Martin Haspelmath & Sebastian Bank. 2022. Glottolog 
4.6. Leipzig: Max Planck Institute for Evolutionary Anthropology. 
https://doi.org/10.5281/zenodo.6578297. (7 June, 2022). 

Harmon, David. 1996. Losing species, losing languages: Connections between biological and 
linguistic diversity. Southwest Journal of Linguistics 15. 89–108. 

Harmon, David & Jonathan Loh. 2010. The index of linguistic diversity: A new quantitative 
measure of trends in the status of the world’s languages. Language Documentation 4. 55. 

Haynie, Hannah J. & Michael C. Gavin. 2019. Modern Language Range Mapping for the Study 
of Language Diversity. SocArXiv. https://doi.org/10.31235/osf.io/9fu7g. 

Hill, Jane H. 2002. “Expert Rhetorics” in Advocacy for Endangered Languages: Who Is 
Listening, and What Do They Hear? Journal of Linguistic Anthropology 12(2). 119–133. 
https://doi.org/10.1525/jlin.2002.12.2.119. 

Hinton, Leanne. 2018. Approaches to and Strategies for Language Revitalization. In Kenneth L. 
Rehg & Lyle Campbell (eds.), The Oxford Handbook of Endangered Languages, 442–
465. Oxford University Press. https://doi.org/10.1093/oxfordhb/9780190610029.013.22. 



 

 
170 

Hohenstatt, Ben. 2019. Juneau’s first-ever Tlingit language immersion preschool to open next 
month. Juneau Empire. https://www.juneauempire.com/news/first-ever-tlingit-language-
immersion-preschool-to-open-next-month/. 

Hua, Xia, Simon J. Greenhill, Marcel Cardillo, Hilde Schneemann & Lindell Bromham. 2019. 
The ecological drivers of variation in global language diversity. Nature Communications 
10(1). 2047. https://doi.org/10.1038/s41467-019-09842-2. 

King, Malcolm, Alexandra Smith & Michael Gracey. 2009. Indigenous health part 2: the 
underlying causes of the health gap. The Lancet 374(9683). 76–85. 
https://doi.org/10.1016/S0140-6736(09)60827-8. 

Kirby, Kathryn R., Russell D. Gray, Simon J. Greenhill, Fiona M. Jordan, Stephanie Gomes-Ng, 
Hans-Jörg Bibiko, Damián E. Blasi, et al. 2016. D-PLACE: A Global Database of 
Cultural, Linguistic and Environmental Diversity. PLOS ONE 11(7). e0158391. 
https://doi.org/10.1371/journal.pone.0158391. 

Korotayev, A, A Kazankov, D Khaltourina & A Korotayev. 2004. Ethnographic atlas XXX: 
Peoples of Siberia. Ethnology 43. 83–92. 

Krauss, Michael. 1982. Native Peoples and Languages of Alaska. Fairbanks: Alaska Native 
Language Center. 

Krauss, Michael. 1992. The World’s Languages in Crisis. Language (Endangered Languages) 
68(1). 4–10. 

Laitin, D. D., J. Moortgat & A. L. Robinson. 2012. Geographic axes and the persistence of 
cultural diversity. Proceedings of the National Academy of Sciences 109(26). 10263–
10268. https://doi.org/10.1073/pnas.1205338109. 

Lee, Nala Huiying & John Van Way. 2016. Assessing levels of endangerment in the Catalogue 
of Endangered Languages (ELCat) using the Language Endangerment Index (LEI). 
Language in Society 45(02). 271–292. https://doi.org/10.1017/S0047404515000962. 

Leonard, Wesley. 2011. Challenging “Extinction” through Modern Miami Language Practices. 
American Indian Culture and Research Journal 35(2). 135–160. 
https://doi.org/10.17953/aicr.35.2.f3r173r46m261844. 

Leonard, Wesley Y. 2012. Reframing language reclamation programmes for everybody’s 
empowerment. Gender and Language 6(2). 339–367. 
https://doi.org/10.1558/genl.v6i2.339. 

Lewis, Melvyn Paul & Gary F. Simons. 2010. Assessing endangerment: expanding Fishman’s 
GIDS. Revue Roumaine de Linguistique 55. 103–120. 
https://doi.org/10.1017/CBO9780511783364.003. 

Loh, Jonathan & David Harmon. 2005. A global index of biocultural diversity. Ecological 
Indicators 5(3). 231–241. https://doi.org/10.1016/j.ecolind.2005.02.005. 

Mace, Ruth & Mark Pagel. 1995. A Latitudinal Gradient in the Density of Human Languages in 
North America. Proceedings: Biological Sciences 261(1360). 117–121. 



 

 
171 

Maffi, Luisa (ed.). 2001. On biocultural diversity: linking language, knowledge, and the 
environment. Washington, [D.C.]: Smithsonian Institution Press. 

McCarty, Teresa L. 2003. Revitalising Indigenous Languages in Homogenising Times. 
Comparative Education 39(2). 147–163. https://doi.org/10.1080/03050060302556. 

McIvor, Onowa & Teresa L. McCarty. 2016. Indigenous Bilingual and Revitalization-Immersion 
Education in Canada and the USA. In Ofelia Garcia, Angel Lin & Stephen May (eds.), 
Bilingual and Multilingual Education, 1–17. Cham: Springer International Publishing. 
https://doi.org/10.1007/978-3-319-02324-3_34-1. 

Mesoudi, Alex. 2017. Pursuing Darwin’s curious parallel: Prospects for a science of cultural 
evolution. Proceedings of the National Academy of Sciences 114(30). 7853–7860. 
https://doi.org/10.1073/pnas.1620741114. 

Michael Krauss, Gary Holton, Jim Kerr, & Colin T. West. 2011. Indigenous Peoples and 
Languages of Alaska. Fairbanks and Anchorage: Alaska Native Language Center and 
UAA Institute of Social and Economic Research. https://www.uaf.edu/anla/map. 

Mochon, Marion Johnson. 1972. Language, History and Prehistory: Mississippian Lexico-
Reconstruction. American Antiquity 37(4). 478–503. https://doi.org/10.2307/278955. 

Moore, Joslin L., Lisa Manne, Thomas Brooks, Neil D. Burgess, Robert Davies, Carsten Rahbek, 
Paul Williams & Andrew Balmford. 2002. The distribution of cultural and biological 
diversity in Africa. Proceedings of the Royal Society of London. Series B: Biological 
Sciences 269(1501). 1645–1653. https://doi.org/10.1098/rspb.2002.2075. 

Mufwene, Salikoko S. 2017. Language vitality: The weak theoretical underpinnings of what can 
be an exciting research area. Language 93(4). e202–e223. 
https://doi.org/10.1353/lan.2017.0065. 

Mühlhäusler, Peter. 2000. Language Planning and Language Ecology. Current Issues in 
Language Planning 1(3). 306–367. https://doi.org/10.1080/14664200008668011. 

Murdock, George P. 1962-71. Ethnographic Atlas. Ethnology 1(1). 
https://doi.org/10.2307/3772932. 

Natural Earth. 2018. Admin 0 – Countries. Florida State University: Natural Earth. 
https://www.naturalearthdata.com/downloads/10m-cultural-vectors/. 

Nettle, Daniel. 1998. Explaining Global Patterns of Language Diversity. Journal of 
Anthropological Archaeology 17(4). 354–374. https://doi.org/10.1006/jaar.1998.0328. 

Nettle, Daniel & Suzanne Romaine. 2000. Vanishing voices: the extinction of the world’s 
languages. New York: Oxford University Press. 

Nichols, Johanna. 1990. Linguistic Diversity and the First Settlement of the New World. 
Language 66(3). 475. https://doi.org/10.2307/414609. 

Nichols, Johanna. 1992. Linguistic diversity in space and time. University of Chicago Press. 



 

 
172 

Nichols, Johanna. 1997. Modeling Ancient Population Structures and Movement in Linguistics. 
Annual Review of Anthropology 26(1). 359–384. 
https://doi.org/10.1146/annurev.anthro.26.1.359. 

Nikolakis, William D. & Emma Roberts. 2020. Indigenous fire management: a conceptual model 
from literature. Ecology and Society 25(4). art11. https://doi.org/10.5751/ES-11945-
250411. 

O’Grady, William. 2009. A Psycholinguistic Tool for the Assessment of Language Loss: The 
HALA Project. LANGUAGE DOCUMENTATION 3(1). 13. 

O’Grady, William & Ryoko Hattori. 2016. Language Acquisition and Language Revitalization. 
Language Documentation 10. 13. 

Okura, Eve. 2017. Language Nests and Language Acquisition: an Empirical Analysis. Honolulu: 
University of Hawaiʻi at Mānoa. 

Pacheco Coelho, Marco Túlio, Elisa Barreto Pereira, Hannah J. Haynie, Thiago F. Rangel, 
Patrick Kavanagh, Kathryn R. Kirby, Simon J. Greenhill, et al. 2019. Drivers of 
geographical patterns of North American language diversity. Proceedings of the Royal 
Society B: Biological Sciences 286(1899). 20190242. 
https://doi.org/10.1098/rspb.2019.0242. 

Pease-Pretty on Top, Janine. 2003. Native American Language Immersion: Innovative Native 
Education for Children & Families. Battle Creek, MI: American Indian College Fund. 
http://www.aihec.org/our-stories/docs/NativeLangugageImmersion.pdf. 

QGIS Development Team. 2018. QGIS Geographic Information System. Open Source 
Geospatial Foundation Project. http://qgis.osgeo.org. 

Rehg, Kenneth L. & Lyle Campbell (eds.). 2018. The Oxford handbook of endangered 
languages. New York, NY: Oxford University Press. 

Renfrew, Colin. 1987. Archaeology and language: the puzzle of Indo-European origins. New 
York: Cambridge University Press. 

Renfrew, Colin. 1991. Before Babel: Speculations on the Origins of Linguistic Diversity. 
Cambridge Archaeological Journal 1(1). 3–23. 
https://doi.org/10.1017/S0959774300000238. 

Sagart, Laurent, Guillaume Jacques, Yunfan Lai, Robin J. Ryder, Valentin Thouzeau, Simon J. 
Greenhill & Johann-Mattis List. 2019. Dated language phylogenies shed light on the 
ancestry of Sino-Tibetan. Proceedings of the National Academy of Sciences 116(21). 
10317–10322. https://doi.org/10.1073/pnas.1817972116. 

Schwartz, Saul. 2018. The Predicament of Language and Culture: Advocacy, Anthropology, and 
Dormant Language Communities. Journal of Linguistic Anthropology 28(3). 332–355. 
https://doi.org/10.1111/jola.12204. 

Shawn Riley, Stephen D. DeGloria & Robert Elliot. 1999. Index that quantifies topographic 
heterogeneity. Intermountain Journal of Sciences 5(1–4). 23–27. 



 

 
173 

Sims, Christine P. 2006. Language planning in American Indian Pueblo communities: 
Contemporary challenges and issues. Current Issues in Language Planning 7(2–3). 251–
268. 

Skirgård, Hedvig. 2021. Multilevel dynamics of language diversity and disparity in Oceania. The 
Australian National University. 

Smith, Linda Tuhiwai. 2021. Decolonizing Linguistics. University of California, Berkeley. 

Steffensen, Sune Vork. 2014. Ecolinguistics: the state of the art and future horizons. Language 
Sciences 20. 

Stepp, John Richard, Sarah Cervone, Hector Castaneda, Ava Lasseter & Yael Gichon. 2004. 
Development of a GIS for Global Biocultural Diversity. Policy Matters 13. 267–270. 

Sterling, Eleanor J., Christopher Filardi, Anne Toomey, Amanda Sigouin, Erin Betley, Nadav 
Gazit, Jennifer Newell, et al. 2017. Biocultural approaches to well-being and 
sustainability indicators across scales. Nature Ecology & Evolution 1(12). 1798–1806. 
https://doi.org/10.1038/s41559-017-0349-6. 

Sutherland, William J. 2003. Parallel extinction risk and global distribution of languages and 
species. Nature 423(6937). 276–279. https://doi.org/10.1038/nature01607. 

Taff, Alice, Melvatha Chee, Jaeci Hall, Millie Yéi Dulitseen Hall, Kawenniyóhstha Nicole 
Martin & Annie Johnston. 2018. Indigenous Language Use Impacts Wellness. In Kenneth 
L. Rehg & Lyle Campbell (eds.), The Oxford Handbook of Endangered Languages, 861–
884. Oxford University Press. https://doi.org/10.1093/oxfordhb/9780190610029.013.41. 

Treuer, David. 2019. The heartbeat of Wounded Knee: Native America from 1890 to the present. 
Penguin Publishing Group. 

Tuan, Yi-Fu. 1991. A View of Geography. Geographical Review 81(1). 99. 
https://doi.org/10.2307/215179. 

Turvey, Samuel T. & Nathalie Pettorelli. 2014. Spatial congruence in language and species 
richness but not threat in the world’s top linguistic hotspot. Proceedings of the Royal 
Society B: Biological Sciences 281(1796). 20141644. 
https://doi.org/10.1098/rspb.2014.1644. 

UNESCO ad hoc expert group on endangered languages (Matthias Brenzinger, Arienne M. 
Dwyer, Tjeerd de Graaf, Collette Grinevald, Michael Krauss, Osahito Miyaoka, Nicholas 
Ostler, Osamu Sakiyama, María E. Villalón, Akira Y. Yamamoto, Ofelia Zapeda). 2003. 
Language vitality and endangerment. Document submitted to the International Expert 
Meeting on UNESCO Programme Safeguarding of Endangered Languages, Paris, 10–12 
March 2003. https://ich.unesco.org/doc/src/00120-EN.pdf. 

United Nations. 2007. UN Declaration on the Rights of Indigenous Peoples. 
https://www.un.org/development/desa/indigenouspeoples/wp-
content/uploads/sites/19/2018/11/UNDRIP_E_web.pdf. 

United States Census Bureau. 2017. TIGER/Line Shapefile, 2017, nation, U.S., Current 
American Indian/Alaska Native/Native Hawaiian Areas National (AIANNH) National. 



 

 
174 

Shapefile. https://catalog.data.gov/dataset/tiger-line-shapefile-2017-nation-u-s-current-
american-indian-alaska-native-native-hawaiian-area. (23 September, 2020). 

Voegelin, Charles F. & Florence M. Voegelin. 1964. Contemporary language situations in the 
New World. Anthropological Linguistics (Languages of the World: Native America 
Fascicle One) 6(6). 2–45. 

WCMC [World Conservation Monitoring Centre]. 1992. Global Biodiversity: Status of the 
Earth’s living resources. London: Chapman & Hall. 
https://doi.org/10.5962/bhl.title.44956. 

Wilson, Edward O. 1992. The Diversity of Life. Cambridge, MA: Belknap Press of Harvard 
University Press. 

Yang, Changyong, William O’Grady & Sejung Yang. 2017. Toward a linguistically realistic 
assessment of language vitality: The case of Jejueo. Language Documentation 11. 11. 

Zhang, Maggie (Yu), Shaolin Chen & Suzanne C. Rain. 2004. Evaluating Continuous Variable 
Transformations in Logistic Regression. In Midwest SAS Users Group. Chicago, IL. 
https://lexjansen.com/mwsug/2004/Statistics/S4_Zhang.pdf. (12 December, 2021). 

2011. We Still Live Here: Âs Nutayuneân: A documentary on Native Amer-ican Language 
Revival. Independent Lens, PBS. http://www.pbs.org/independentlens/films/we-still-live-
here/. 

2020. Breath of Life Archival Institute for California Indigenous Languages. Advocates for 
Indigenous California Language Survival. https://aicls.org/breath-of-life-institute/. (18 
April, 2022). 

2021. Catalogue of Endangered Languages. University of Hawaii at Manoa. 
http://www.endangeredlanguages.com. 

 


