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Abstract 

 

The Development of Biological Reasoning Across Domains and 

Cultures 

 

 

 

Justin Thomas Albert Busch, Ph.D. 

The University of Texas at Austin, 2018 

 

Supervisor:  Cristine H. Legare 

 

Folk biological knowledge is a core domain of human cognition. How does 

knowledge within the biological domain develop and what kind of flexibility exists in 

folk biological knowledge across cultures? My dissertation aims to address these 

questions by examining variation in children’s knowledge acquisition across several core 

domains of biological reasoning using developmental and cross-cultural methodologies. 

First, I examine how children, adolescents, and adults adjudicate between natural and 

supernatural explanations for the existentially arousing biological phenomena, illness, 

death, and human origins in a small-scale, subsistence population in Tanna, Vanuatu 

(Busch, Watson-Jones, & Legare, 2017). I then examine the development of ecological 

and taxonomic reasoning with children from an urban industrialized community (Austin, 

Texas) and a small-scale subsistence community (Tanna, Vanuatu) (Busch, Watson-

Jones, & Legare, 2018). Finally, I examine how cultural variation affects the 

development of reasoning about the conservation of natural resources (Busch, Watson-
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Jones, & Legare, under review). Together, these studies provide insight into the 

formulation of biological knowledge across cultures and development. I propose that 

there is significant cognitive flexibility in the development of folk biological knowledge, 

however, there are similarities across cultures that suggest an underlying, innately 

specified system, which constrains learning in the biological domain.  
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Chapter 1: Background 

Over the course of development children must acquire a vast amount of 

knowledge about the minds and behaviors of conspecifics, about the physical laws that 

govern the universe, and about the biological world in which they are embedded. The 

predominant view of most psychologists is that learning in these domains is constrained 

by innate cognitive modules, which have been shaped over the course of evolution 

(Hirschfeld & Gelman, 1994). One such domain is composed of folk biological 

knowledge (Atran, 1998; Inagaki & Hatano, 2002; Lopez, Atran, Coley, Medin, & Smith, 

1997; Medin & Atran, 2004). Previous research on the topic of folk biology has focused 

primarily on categorization (i.e., will a skunk raised by raccoons still stink like a skunk?) 

and induction (i.e., is a hidden property of one organism also true of another organism?) 

of plant and animal species (Bender, Beller, & Medin, 2017). This research suggests that 

there are universal ways of thinking about the biological world that emerge, inevitably, 

across widely different cultural contexts. From an anthropological perspective however, 

learning and development are inherently cultural processes. From this perspective, folk 

biological reasoning can only be understood as a product of the cultural environment 

(Astuti, Solomon, Carey, Ingold, & Miller, 2004; Rogoff, 2003).  

In this dissertation I draw on both of these perspectives to examine how 

environmental and cultural experiences inform the development of folk biological 

theories for several understudied aspects of biological reasoning, illness, death, human 

origins, ecology, and the conservation of natural resources. I refer to each of these topics 

as subdomains, which are all subsumed within the realm of folk biology. Using cross-

cultural and developmental methodologies, this line of research examines consistency 

and variation within these subdomains of folk biology across cultures and development. 
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My research explores three core questions: First, how do individuals across cultures use 

natural and supernatural explanations to understand the biological phenomena of illness, 

death, and human origins? Second, how does cultural variation influence children’s 

beliefs about the relationships between biological organisms and humans, or their folk 

ecological beliefs? Finally, does cultural variation impact the way people reason about 

the conservation of natural resources and the environment? 

EXPLANATIONS FOR ILLNESS,  DEATH, & HUMAN ORIGINS 

Past research on children’s understanding of biology focuses primarily on plants 

and animals (Kalish, 1996; Wellman & Gelman, 1992). However, the topics of illness, 

death, and human origins represent three subdomains of biological reasoning, which 

require closer examination. Understanding how people explain these phenomena can 

provide insight into intuitive folk biological theories. This is because inherent within any 

explanation is a theory which can tie observable effects to their observable causes 

through an unobservable mechanism (Ahn, Kalish, Medin, & Gelman, 1995; Carey, 

1985). In the context of illness, an intuitive theory might rely on the transmission of an 

invisible contagious agent (germs) from one infected individual to another (Apicella, 

Rozin, Busch, Watson-Jones, & Legare, 2018). Indeed, research shows that preschool 

aged children understand the mechanisms that underlie illness, judging that germs cause 

contamination and contagion (Toyama, 2016). Even children as young as 3-years-old are 

aware that illness is caused by an invisible agent (Kalish, 1996) and it is not until around 

10-years-old that children begin to understand that not all illnesses are passed on through 

germs (Bares & Gelman, 2008).  

Similarly, research examining children’s concepts of death reveals that by 4-5-

years-old, children understand the inevitability, universality, and causality of death. They 



 3 

also tend to explain death in terms of biology (Atwood, 1984; Panagiotaki, Hopkins, 

Nobes, Ward, & Griffiths, 2018). Interestingly, this research also shows that as children 

get older, their biological understanding of death does not improve. Instead, by about 10-

years of age, children begin to generate supernatural explanations for death (Panagiotaki 

et al., 2018). While children’s explanations for illness and death support the existence of 

an intuitive folk biological theory, natural and supernatural explanations for these 

phenomena are not uncommon. Legare, Evans, Rosengren, and Harris (2012), argue that 

both natural and supernatural explanations are forged and built upon through cultural 

learning. Illness, death, and human origins are all particularly amenable to both natural 

and supernatural explanations, or explanatory coexistence, because their cause is often 

unobservable, they are associated with strong emotions, and each is associated with 

cultural scripts that predate our current scientific understanding (Legare et al., 2012; 

Watson-Jones, Busch, & Legare, 2015). Exploring the coexistence of natural and 

supernatural explanations provides insight into variation in the development of biological 

knowledge. 

Human origins represent a third domain of biological reasoning, which also elicits 

coexistence reasoning (Evans, 2001, 2008). While from a modern scientific perspective 

the origin of life is a question of biology, origins differ from illness and death in that a 

folk understanding of origins is irrelevant to survival from an evolutionary perspective. 

Folk knowledge of both illness and death may have conferred a fitness advantage 

throughout evolutionary history. For example, contagion sensitivity appears to be a 

human universal, which may function to prevent contact with contaminated objects 

(Apicella et al., 2018). Thus, a folk biological theory for the mechanisms of illness and 

death may have been beneficial. Folk theories for the origin of life however, have no 

bearing on survival and a scientific explanation for the origin of life was only introduced 
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very recently in human history. As such, supernatural explanations for human origins are 

common (Legare et al., 2012; Watson-Jones et al., 2015). 

Examining the interplay between natural and supernatural explanations for illness, 

death, and human origins provides insight into how environmental and cultural 

experiences shape the development of folk biological knowledge. This dissertation 

examines the development of knowledge in these domains in a distinct, under-studied 

cultural context to illuminate cultural variability and consistency in the use of folk 

biological explanations.  

REASONING ABOUT ECOLOGY 

  A vast body of literature on folk biological reasoning examines the development 

of concepts and categorization of plants and animals (Atran, 1998; Atran & Medin, 2008; 

Bang, Medin, & Atran, 2007; Coley, 2012; Inagaki & Hatano, 2002; Medin & Atran, 

1999; Medin et al., 2006). Information from the environment about biological organisms 

is used to classify these organisms into generic groups based on their teleo-essentialist 

structure, or purposeful and inherent underlying essence (Gelman & Wellman, 1991; 

Hirschfeld & Gelman, 1994). These generic groups can then be consolidated into 

broader, causally related groups or refined down to the individual species (Berlin, 1992). 

Children across a wide diversity of cultures, from the Vezo in Madagascar, to the 

Yukatek Maya in Mexico, to middle-class children in Brazil, to the Menominee Native 

Americans, to urban, majority culture Americans, represent species as naturalized (i.e., 

their species kind is inherited from their parents) and essentialized (Astuti et al., 2004; 

Atran et al., 2001; Sousa, Atran, & Medin, 2002; Waxman, Medin, & Ross, 2007).  

Not only does the ability to categorize plants and animals seem to be consistent 

across cultures, it is also early developing. The process of forming a conceptual 



 5 

understanding of nature begins in infancy; even 8-month-old infants are sensitive to cues 

that a novel object is an animal as opposed to a non-living object (Setoh, Wu, 

Baillargeon, & Gelman, 2013). By 7-years of age, children begin to draw inferences 

about natural kinds using a set of laws distinct from those used for artifacts. For instance, 

children at this age understand that natural kinds of the same category will have the same 

internal structure, whereas this is not necessarily true for two artifacts of the same 

category. This allows children to make inductive inferences, which draw on the specific 

domain of biological knowledge (Gelman, 1988; Gelman & Hirschfeld, 1999; Rhodes & 

Gelman, 2009).  

Research has also examined how people respond to potentially dangerous plants 

and animals. Young children and adults exhibit increased attention to snakes and spiders 

(DeLoache & LoBue, 2009; New & German, 2015; Rakison & Derringer, 2008), 

preferentially associate them with fear stimuli (Hoehl & Pauen, 2017), exhibit prepared 

learning of danger information about animals (Barrett & Broesch, 2012) and show 

behavioral avoidance of potentially noxious plants (Wertz & Wynn, 2014). However, 

these universal and early-emerging features of biological reasoning that allow humans to 

organize plants and animals into groups and respond appropriately to dangerous 

organisms reveal very little about how people understand the relationship of these natural 

kinds to one another and to themselves (Lopez et al., 1997).  

Reasoning about how animals, plants, humans, and the abiotic environment are 

interconnected, or folk ecology, remains an understudied domain of folk biology.  

Existing research suggests that competitive relationships between organisms are seen as 

the driving force of ecosystems in Western communities whereas the Ngöbe and the Itza 

Maya tend to view ecological relationships as positive and cooperative (Atran & Medin, 

2008; ojalehto, Medin, Horton, Garcia, & Kays, 2015). How does environmental input 
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and cultural variation affect the way people reason about the ecology? This dissertation 

provides insight into the subdomain of folk ecological reasoning by examining how 

beliefs about the relationships between biological kinds, including humans, develop 

across cultures.  

JUSTIFICATIONS FOR THE CONSERVATION OF NATURAL RESOURCES 

How people reason about the ecological environment has important implications 

for how they think about the conservation of natural resources. Research with Western 

undergraduates shows that there is an inverse relationship between concern for the natural 

environment and the number of animals in need of aid, a phenomenon known as 

compassion fade (Markowitz, Slovic, Västfjäll, & Hodges, 2013). This is particularly 

problematic as our planet faces mounting environmental problems, such biodiversity loss, 

habitat loss, and climate change. Research with indigenous populations such as the Itza 

Maya, however, reveal complex knowledge of ecology and strategies to conserve the 

environment (Atran et al., 1999). This raises the question of when and why groups of 

people conserve resources. 

Historically, resource management has been studied from an economic 

perspective, which assumes that self-interest will universally result in environmental 

degradation over time. However, there is ample evidence of resource management and 

conservation from numerous societies around the world. For example, the Itza consider 

the Ramon tree to be sacred and thus, it is conserved because its use as firewood is 

forbidden. In many non-Western societies, the conservation of natural resources is 

supported by supernatural beliefs (Aniah, Aasoglenang, & Bonye, 2014; Colding & 

Folke 2001; Rim-Rukeh, Irerhievwie, & Agbozu, 2013). Atran, Medin, and Ross (2004) 

argue that mental models of resources play an important role in decision-making 
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regarding resource conservation. As such, there is substantial variation in the strategies 

for resource conservation that emerge across cultures (Atran et al., 1999; Medin, Ross, 

Cox, & Atran, 2007).  

Resource conservation strategies also vary across cultures because they arise in 

response to collective action problems. When a specific resource becomes limited in a 

specific environment, cooperative solutions may emerge to prevent resource depletion 

(Waring, Sullivan, & Stapp, 2016). These cooperative solutions to environmental issues 

arise through cultural evolution (Kline, Waring, & Salerno, 2018) and are likely specific 

to the cultural context from which they emerge. Cultural evolution is the process through 

which skills, techniques, practices, and ideas accumulate over generations as a result of 

the human ability to learn efficiently from others (Boyd & Richerson, 1985; Henrich, 

2016; Legare, 2017). As a result, reasoning about conservation is culturally learned and 

becomes embedded within a particular cultural context over time. 

How do ideas about the conservation of resources develop and how do people 

expressly justify and explain their reasons for conserving resources? This dissertation 

examines cultural consistency and variation in the development of beliefs about 

conservation in the U.S. and Tanna, Vanuatu. 

DISSERTATION 

The overarching objective of the studies in this dissertation is to increase our 

understanding of the variability and consistency that exists across cultures in reasoning 

about topics related to folk biology. The central hypothesis is that there will be 

substantially more consistency across cultures in reasoning about subdomains of folk 

biology that are relevant to human survival than subdomains that are not relevant to 

survival. Specifically, reasoning about illness, death, and ecology is likely to have been 
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subject to the same selection pressures across cultures. Therefore, I predict that there will 

be consistency across cultures in the way explanations and mental models for these topics 

develop. Conversely, reasoning about human origins and resource conservation has not 

been subjected to the same selection pressures across cultures. As a result, I predict that 

there will be greater cultural variation in the development of explanations within these 

domains.  

Chapter 2 

In this chapter I present a study which examines the development of explanatory 

coexistence within and across three domains of existential concern in individuals in 

Tanna, Vanuatu. I examined three age groups: 7-12-year-old children, 13-18-year-old 

adolescents, and 19-70-year-old adults (N = 72). Within the domain of death, biological 

and spontaneous explanations were most common across all ages. For illness, children 

showed the highest rates of explanatory coexistence, while adolescents and adults favored 

biological explanations. Within the human origins domain, theistic explanations were 

most common across the age groups. Overall, these data show that coexistence reasoning 

in these domains is pervasive across cultures, yet at the same time it is deeply 

contextually specific, reflecting the nuanced differences in local ecologies and cultural 

beliefs. 

Chapter 3 

In this chapter I present the findings of two studies which examined children’s 

reasoning about biological kinds in populations that vary in formal education and direct 

experience with the natural world, a Western (urban U.S.) and a Non-Western population 

(Tanna, Vanuatu). Study 1 examined children’s concepts of ecological relatedness 

between species (N=97, 5-13-year-olds). U.S. children provided more taxonomic 

explanations than Ni-Vanuatu children, who provided more ecological, physiological, 
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and utility explanations than U.S. children. Notably, ecological explanations were most 

common overall, and more common among older than younger children across cultures. 

In Study 2, children (N=106, 6-11-year-olds) sorted pictures of natural kinds into groups. 

U.S. children were more likely than Ni-Vanuatu children to categorize a human as an 

animal, and the tendency to group a human with other animals increased with age in the 

U.S. Despite substantial differences in cultural and environmental input, children in both 

populations privileged ecological reasoning. In contrast, taxonomic reasoning was more 

variable between populations, which may reflect differences in experience with formal 

education.   

Chapter 4  

In this chapter I present a study which examines beliefs about the conservation of 

natural resources across the lifespan and between cultures. Examining variation in 

reasoning about sustainability between diverse populations provides unique insight into 

how group norms surrounding resource conservation evolve. Cultural institutions, such as 

religion and formal schools, can mobilize populations to solve collective challenges 

associated with resource depletion. This study examined conservation beliefs in a 

Western industrialized (urban U.S. city) and a Non-Western, subsistence agricultural 

community (Tanna, Vanuatu) among children, adolescents, and adults (N = 171; n = 58 

7-12-year-olds, n = 53 13-17-year-olds, and n = 60 18-68-year-olds). Participants were 

asked to endorse or reject three types of justifications for engaging in land and animal 

conservation: sustainability, morality, or religious. Participants were also asked if it was 

permissible not to conserve. In both populations, sustainability justifications were 

endorsed most frequently. Religious justifications were more frequently endorsed in 

Tanna than in the U.S. Tannese participants were also more likely to endorse multiple 

justifications for conservation than U.S. participants. Data across all justification types 
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shows a main effect of age in both communities; endorsement of conservation decreased 

with age in the U.S., whereas it increased with age in Tanna. U.S. participants were more 

likely to endorse the conservation of animals than land, whereas there was no difference 

between these domains in Tanna. Overall, these results demonstrate variation in the 

cultural transmission of belief systems that support the conservation of natural resources. 
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Chapter 2: The Coexistence of Natural and Supernatural 
Explanations Within and Across Domains and Development1 

Classic research in developmental psychology proposed that children gradually 

abandon a belief in supernatural causation and instead acquire a more objective and 

scientific appreciation of cause and effect (Piaget, 1928). According to the secularization 

hypothesis, with more widespread access to education and technology, natural 

explanations will increasingly compete with and displace supernatural explanations 

(Inglehart & Norris, 2004). In contrast to these hypotheses, there is mounting evidence 

that individuals across highly diverse cultural contexts use both natural and supernatural 

explanations to understand the events that occur in their lives (Campbell, 1972; Legare et 

al., 2012; Legare & Gelman, 2008; Misztal & Shupe, 1992; Raman & Winer, 2004). I 

define natural explanations as those that appeal to “empirically verifiable phenomena of 

the physical or material world” (Legare et al., 2012, p. 4), and supernatural explanations 

are those that appeal to phenomena that “violate, operate outside of, or are distinct from” 

the natural world (Legare et al., 2012, p. 5). 

The objective of the current research was to systematically examine how 

developmental patterns and cultural ideologies affect the way children (7-12-year-olds), 

adolescents (13-18-year-olds), and adults in Tanna, Vanuatu incorporate natural and 

supernatural explanations within and across the domains of death, illness, and human 

origins. I begin with a discussion of the domains in which I examine explanatory 

coexistence (death, illness, and human origins), next, I review the literature on the 

                                                
1 Busch, J. T. A., Watson-Jones, R. E., & Legare, C. H. (2017). The coexistence of natural and supernatural 
explanations within and across domains and development. British Journal of Developmental Psychology, 
35(1), 4-20. doi: 10.1111/bjdp.12164 
Busch designed the study, collected the data, conducted the analyses, and wrote the manuscript for 
publication. Watson-Jones & Legare contributed to the research design and provided feedback on the 
writing of the manuscript. Watson-Jones also contributed to data collection.  
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development of explanatory coexistence, and finally I discuss how differential framing of 

the events within these domains might impact explanatory coexistence. 

CULTURAL CONTEXT OF EXPLANATORY COEXISTENCE 

Explanatory coexistence has been studied primarily within three domains of 

human experience: death, illness, and human origins (Legare et al., 2012). These three 

domains share a number of properties that make them likely to draw on both natural and 

supernatural explanations: (1) each can be attributed to unobservable causal agents, (2) 

each is associated with strong emotions, and (3) each is embedded in specific cultural 

scripts (Legare et al., 2012). Based on evidence for explanatory coexistence across highly 

diverse cultural contexts, I predict that as individuals are confronted with scientific 

understandings of the world, they will integrate scientific explanations with pre-existing 

supernatural and other kinds of natural (e.g., folk biological) explanations (Watson-Jones 

et al., 2015).  

Understanding the coexistence of natural and supernatural explanations within 

each of these domains requires situating these explanations within specific cultural 

contexts (Gelman & Legare, 2011; Harris & Koenig, 2006; Heyman & Legare, 2013; 

Rosengren et al., 2014). This is particularly important when examining concepts 

surrounding death, illness, and human origins, all of which are deeply embedded in local 

beliefs. Cultural input plays a significant role in shaping the types of explanations that are 

recruited to explain different kinds of life events, even though there may be common 

patterns associated with the development of explanatory coexistence across cultures. As 

an example of the role of context in shaping belief systems, consider the Urapmin of 

Papua New Guinea. For the Urapmin, the body was once regarded as a key component of 

the social connection between the self and others, whereas the heart and emotions were 
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interior and private. Christian conversion inverted this relationship and required Urapmin 

to relate to others through “shared thoughts and feelings” (the heart), rather than through 

the body and kinship (Robbins, Schieffelin, & Vilaca, 2014, p. 584). Examining 

explanatory coexistence in a culture that still adheres in many ways to indigenous beliefs 

while integrating and embracing Christian doctrine has the potential to provide insight 

into how cultural scripts can influence the use of different kinds of explanations.  

Vanuatu is a Melanesian island nation in the South Pacific that consists of 65 

different islands, each with villages that maintain distinct cultural traditions. Tanna island 

has approximately 30,000 inhabitants. The population of Tanna, Vanuatu has relatively 

recently experienced Christian conversion, has only recently adopted Western schooling 

practices, and still relies heavily on interactions with nature. These factors have 

interesting implications for how individuals reason about natural and supernatural causes 

for events. Christianity offers a relatively new (within the last 100 years) way of 

understanding the supernatural and formal schooling offers a new way of understanding 

the natural for a society that relies heavily on nature for resources. 

Much of the population was converted to Presbyterianism between 1910-1930. 

Despite the influence of Presbyterianism on the island, many villages have maintained 

kastom (custom), or “ancestrally enjoined rules for life” (Keesing, 1982, p. 360). 

Whereas nearly 100% of the sample identified as Presbyterian, other denominations are 

present such as Baha’i and Catholicism. In a recent survey about national identity in 

Vanuatu, maintaining kastom as well as being Christian were considered two of the most 

important aspects of what it means to be from Vanuatu (Clarke, Leach, & Scambary, 

2013). Adopting a literal interpretation of Biblical scripture is common in Vanuatu 

(Watson-Jones, Busch, Harris, & Legare, 2016), which may make it more likely that 
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people in Tanna offer exclusively supernatural explanations for human origins while 

explanations for death and illness may be more likely to invite mixed explanations. 

DEVELOPMENT OF EXPLANATORY COEXISTENCE 

Previous research has examined the development of explanatory coexistence in 

individual domains. For instance, cross-cultural research on the development of 

explanatory coexistence has shown that children begin to understand the biology of death 

early in childhood and they consolidate their biological understanding of organs and of 

death across middle childhood (Slaughter & Lyons, 2003). Other developmental work, 

however, has found that adults are less likely than children to insist on the irreversibility 

of death (Brent & Speece, 1993), and when primed with a supernatural narrative about 

death, children endorse the continuation of bodily and mental processes following death 

(Harris & Giménez, 2005; Watson-Jones et al., 2016). Within the domain of illness, 

previous research has shown that while biological explanations are the most frequently 

endorsed causes of illness across age groups, children and adults more often recruit 

supernatural explanations alongside natural explanations. This may be because 

adolescents are in the midst of education about biology whereas children have yet to be 

fully entrenched in this education and adults are further removed from it (Legare & 

Gelman, 2008; Nguyen & Rosengren, 2004; Raman & Gelman, 2004). The domain of 

human origins also invites developmental changes in explanatory coexistence - even in 

fundamentalist Christian populations. There is evidence that older children and adults are 

more likely to endorse some form of change of species over time than young children. 

Indeed, theistic evolution, in which God guides evolution, has become a common belief 

for many Christians (Evans, 2008). 
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Formal, Western-style education is a relatively recent institution in Vanuatu and 

has an important impact on the development of explanatory coexistence. In Tanna, there 

has been no standard schooling curriculum until the last three decades when British and 

French run schools began providing primary and secondary education (Peck & Gregory, 

2005). Education is not mandatory on Tanna. Approximately 86% of children attend 

primary school in Vanuatu, but only about 35% of children attend secondary school 

(Hughes, 2004; Ministry of Education and Training, 2015). A Western scientific 

epistemology has only recently become accessible for use in explaining events. Thus, 

adolescents and children may be most likely to offer natural explanations to the exclusion 

of supernatural explanations within the domain of illness because germ theory and 

methods of illness prevention are reinforced in school. The World Health Organization 

(WHO) has nearly eradicated malaria on Tanna through educational programs on disease 

prevention (Atkinson et al., 2010).  

PRIMING EFFECTS ON EXPLANATORY COEXISTENCE 

To examine explanatory coexistence across domains and age in Tanna, I 

presented children, adolescents, and adults with a variety of vignettes dealing with death, 

illness, and human origins. I also manipulated the way these vignettes were framed to 

examine flexibility in explanatory coexistence over very short time periods. Half of the 

vignettes were framed in a supernatural context and half were framed in a natural context. 

Previous research suggests that context plays a key role in determining how individuals 

incorporate natural and supernatural explanations. When primed with supernatural 

narratives, individuals are more likely to incorporate both natural and supernatural 

explanations for events (Astuti & Harris, 2008; Harris & Giménez, 2005; Legare & 

Gelman, 2008). The supernatural vignettes included elements that primed ideas related to 
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kastom traditions, such as belief in spirits, taboos associated with farming practices and 

social hierarchies, folk biological medical practices, and traditions which take place 

within a sacred meeting place known as a nakamal. The natural vignettes included 

information about going to a hospital, being bitten by a mosquito, etc. This was done to 

examine how context may affect endorsements across development (Astuti & Harris, 

2008; Harris & Giménez, 2005).  

The recent influx of Christianity and formal education, as well as low levels of 

industrialization and reliance on subsistence practices, make Tanna an ideal location to 

examine the development of explanatory coexistence. I hypothesized that overall, 

participants would incorporate both natural and supernatural explanations within each 

domain. I predicted that within the domain of death participants would be most likely to 

endorse theistic explanations in response to a supernatural prime and most likely to 

endorse a biological explanation in response to a natural prime. I also predicted that 

because adolescents have the most experience with formal education, they would show 

the least explanatory coexistence of the age groups I examined, and be most likely to 

strictly endorse biological explanations for death. In the domain of illness, I expected to 

find more biological explanations. I also expected to find more endorsement of local 

supernatural explanations for illness, particularly following the supernatural prime, due to 

the Tannese emphasis on maintaining kastom. In the domain of human origins, I 

predicted predominantly theistic endorsements regardless of contextual prime (natural or 

supernatural) due to the religiosity of the sample. 

METHODS 

Participants 
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Participants in Vanuatu were divided into three age categories, child (7-12-year-

olds), adolescent (13-18-year-olds), and adult (19-70-year-olds). A total of N=72 

individuals participated in the study (24 7-12-year-olds, 29 13-18-year-olds, and 19 

adults). To give a better sense of the breadth of the adult age range it can be broken down 

further into 6 19-23-year-olds, 5 27-34-year-olds, and 8 42-65 year-olds. Children and 

adolescents were recruited from two primary and secondary schools in the city of 

Lenakel on the island of Tanna and completed the study in an unused classroom on the 

school grounds away from their classmates. Adults were recruited in the markets and 

neighborhoods in the city of Lenakel.  

Materials and Procedure 

All participants were read a series of vignettes (12 total) that primed either natural 

or supernatural conceptions of death (2 natural; 2 supernatural), illness (2 natural; 2 

supernatural), and human origins (2 natural; 2 supernatural) using two scripts with the 

vignette orders randomized.  

Endorsement options 

 After being read each vignette, participants were presented with a series of four 

options to choose from to explain why the event described in the vignette occurred 

(response types were randomized for each vignette and each script): (1) local 

supernatural: an explanation related to kastom supernatural beliefs; (2) biological: an 

explanation related to purely natural causes; (3) spontaneous: an explanation related to 

unpredictability and events happening for no particular reason; and (4) theistic: an 

explanation related to the workings of the Christian God. Participants could endorse as 

many or as few explanations as they liked (see Table 1). 
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 Local 
supernatural 

Biological Spontaneous Theistic 

Death She went to be 
with her 
ancestors, that is 
why she died. Yes 
or no? 

Her heart stopped 
beating and her 
mind stopped 
working, that is why 
she died. Yes or no? 

She just died, 
sometimes people 
just die, that is 
why she died. 
Yes or no? 

She went to 
be with God, 
that is why 
she died. Yes 
or no? 

Illness David did 
something that 
made the spirits 
angry, that is why 
David got TB. 
Yes or no? 

David shared a 
drink with someone 
whose sick saliva 
was still on the cup, 
that is why David 
got TB. Yes or no? 

There is no 
reason that David 
got TB, people 
just get sick 
sometimes, that is 
why David got 
TB. Yes or no? 

David did 
something 
that made 
God angry, 
that is why 
David got TB. 
Yes or no? 

Human 
origins 

Majihjiki created 
them and put 
them on the Earth, 
that is why the 
first animal got 
here. Yes or no? 

They changed from 
a different kind of 
animal that was 
better at finding 
food, avoiding 
predators and 
having babies, that 
is why the first 
animal got here. Yes 
or no? 

They just 
appeared. They 
came out of the 
ground, that is 
why the first 
animal got here. 
Yes or no? 

God made 
them and put 
them on the 
earth, that is 
why the first 
animal got 
here. Yes or 
no? 

Table 1: Endorsement options by domain. 

 All participants completed the study one-on-one with a trained research assistant 

who was native to Tanna and fluent in Bislama, one of the official languages of Vanuatu. 

All participants were video recorded.  

Coding 

Participants provided “yes” or “no” responses to each of the four possibilities 

following each vignette. “Yes” was coded as 1, “no” was coded as 0. To compare 

explanation types by each type of vignette, summary scores out of 2 were created for 

vignette type (death, illness, human origins) and prime type (natural, supernatural) across 

participants.  
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RESULTS 

First I present the analyses conducted to examine explanatory coexistence within 

the three different domains. Next I present the analyses to examine differences in the 

frequency of different explanation types across domains and development.  

Within domain analyses 

Three repeated measures ANOVAs were conducted to examine explanatory 

coexistence within each domain with explanation type and priming as the within-subjects 

variables and age group as the between-subjects variable. Within each domain, all 

participants were asked to endorse or reject explanations in response to two vignettes 

with a naturalistic prime and two with a supernatural prime. Therefore each explanation 

could be endorsed a maximum of two times within each domain for each prime.  

Death domain 

A repeated measures ANOVA was conducted on the number of times participants 

endorsed each explanation type within the death domain with explanation type (4: local 

supernatural, biological, theistic, and spontaneous), and prime (2: natural and 

supernatural) as the within-subjects variables, and age group (3: child, adolescent, and 

adult) as the between-subjects variable. This analysis revealed no main effect of prime. 

There was a main effect of explanation type, F(3, 207)=11.40, p < .001, η!!=.142, and a 

main effect of age group, F(2, 69)=12.86, p < .001, η!!=.272. There were no significant 

interactions (see Table 2). 
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 Child Adolescent Adult 

Explanation Natural Supernatural Natural Supernatural Natural Supernatural 

Local S. Nat. 1.13 
(.85) 1.13 (.80) .31 

(.60) .41 (.63) .68 
(.89) .89 (.88) 

Biological 1.46 
(.83) 1.13 (.85) .76 

(.83) .72 (.84) 1.53 
(.70) 1.47 (.70) 

Theistic 1.21 
(.88) 1.25 (.90) .52 

(.74) .48 (.74) .79 
(.86) .79 (.86) 

Spontaneous 1.46 
(.72) 1.29 (.81) .76 

(.87) .72 (.80) 1.53 
(.70) 1.37 (.76) 

Table 2: Mean number of explanations endorsed by explanation type by age group 
and prime within the death domain. 

 Pairwise comparisons on explanation type reveal that the most commonly 

endorsed explanation type, spontaneous explanations (M=1.19, SE=.08), were 

statistically more common than theistic explanations (M=.84, SE=.09), p=.001, and local 

supernatural explanations (M=.76, SE=.08), p<.001. Biological explanations (M=1.18, 

SE=.09) were also statistically more commonly endorsed for death than theistic 

explanations, p=.002, and local supernatural explanations, p<.001. There was no 

significant difference in the endorsement of spontaneous explanations and biological 

explanations. There was also no statistical difference between endorsement of theistic 

explanations and local supernatural explanations.  

 Pairwise comparisons on age reveal that adolescents (M=.59, SE=.10) were 

statistically less likely than children (M=1.26, SE=.10), p<.001, and adults (M=1.13, 

SE=.12), p=.001, to endorse any of the explanation types. There was no statistical 

difference between children and adults in the frequency of endorsement of the 

explanations for death. 

Illness domain 
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A repeated measures ANOVA was conducted on the number of times participants 

endorsed each explanation type within the illness domain using the same factors as the 

analysis within the death domain. This analysis revealed no main effect of prime. There 

was a main effect of explanation type, F(3, 204)=49.74, p<.001, η!!=.422, and a main 

effect of age group, F(2, 68)=8.67, p<.001, η!!=.203. These main effects however, should 

be interpreted in light of a significant interaction between explanation type and age 

group, F(6, 204)=9.86, p<.001, η!!=.225 (see Table 3). 

 
 Child Adolescent Adult 

Explanation Natural Supernatural Natural Supernatural Natural Supernatural 

Local S. Nat. 1.13 
(.82) 1.13 (.76) .17 

(.47) .21 (.56) .58 
(.90) .79 (.92) 

Biological 1.43 
(.73) 1.13 (.76) 1.62 

(.56) 1.52 (.57) 1.74 
(.45) 1.74 (.56) 

Theistic 1.17 
(.78) 1.04 (.83) .10 

(.41) .34 (.72) .74 
(.93) .84 (.90) 

Spontaneous 1.04 
(.93) 1.22(.74) .45 

(.63) .76 (.83) 1.05 
(.85) 1.32 (.75) 

Table 3: Mean number of explanations endorsed by explanation type by age group 
and prime within the illness domain. 

 Examining the data across both priming types, the data reveal that there were no 

statistically significant differences in the explanation types for children. Children 

endorsed biological explanations (M=1.28, SE=.14) just as frequently as local 

supernatural explanations (M=1.13, SE=.14), which were just as common as spontaneous 

explanations (M=1.13, SE=.13), which were just as common as theistic explanations 

(M=1.11, SE=.14). 

 For adolescents the most commonly endorsed explanation for illness was 

biological (M=1.57, SE=.10), which was significantly more common than spontaneous 
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explanations, (M=.60, SE=.11), p<.001, theistic explanations (M=.22, SE=.09), p<.001, 

and local supernatural explanations, (M=.19, SE=.08), p<.001. Spontaneous explanations 

were also endorsed significantly more often than theistic explanations, p=.01, and local 

supernatural explanations p=.001. There was no statistically significant difference in the 

frequency of endorsement of theistic and local supernatural explanations for illness.  

 Adults, like adolescents, most commonly endorsed biological explanations for 

illness. Biological explanations (M=1.74, SE=.09) were endorsed significantly more than 

spontaneous explanations (M=1.18, SE=.16), p=.004, theistic explanations (M=.79, 

SE=.20), p<.001, and local supernatural explanations (M=.68, SE=.20), p<.001. 

Spontaneous explanations were endorsed significantly more than both theistic 

explanations, p=.02, and local supernatural explanations, p=.01. There was no 

statistically significant difference in the frequency of endorsement for theistic and local 

supernatural explanations for illness. 

  The data within the domain of illness also show there was a significant interaction 

between explanation type and prime, F(3, 204)=3.88, p=.01, η!!=.054. In response to the 

natural prime, participants gave significantly more biological explanations (M=1.58, 

SE=.07) than theistic (M=.66, SE=.09), local supernatural (M=.61, SE=.09), or 

spontaneous explanations (M=.83, SE=.10), p<.001. Spontaneous explanations were also 

endorsed significantly more often than local supernatural explanations following the 

natural prime for illness. There was no statistical difference in the rates of endorsement 

between theistic and local supernatural explanations or between theistic explanations and 

spontaneous explanations.  

In response to the supernatural prime, biological explanations were again the most 

common, (M=1.46, SE=.08) and endorsed significantly more often than spontaneous 

explanations (M=1.10, SE=.09), p=.001, theistic explanations (M=.74, SE=.10), p<.001, 
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and local supernatural explanations (M=.71, SE=.09), p<.001. Spontaneous explanations 

were statistically more common than both theistic explanations, p=.004, and local 

supernatural explanations, p<.001. There was no statistical difference in the frequency of 

endorsement of theistic explanations and local supernatural explanations. 

Origins domain 

The same repeated measures ANOVA was conducted on the number of times 

participants endorsed each explanation type within the origins domain. This analysis 

revealed no main effect of prime. There was a main effect of explanation type, F(3, 

207)=76.46, p<.001, η!!=.526, as well as a main effect of age group, F(2, 69)=14.38, 

p<.001, η!!  =.294. These main effects however, should be interpreted in light of a 

significant interaction between explanation type and age group, F(6, 207)=9.25, p<.001, 

η!!=.212. As there was no effect of prime all subsequent analyses collapse across prime 

type (see Table 4).  

 
 Child Adolescent Adult 

Explanation Natural Supernatural Natural Supernatural Natural Supernatural 

Local S. Nat. 1.08 
(.83) .92 (.78) .10 

(.41) .14 (.44) .74 
(.93) .53 (.77) 

Biological 1.33 
(.76) 1.25 (.85) .21 

(.49) .38 (.68) .79 
(.92) .63 (.83) 

Theistic 1.50 
(.51) 1.62 (.65) 1.76 

(.51) 1.72 (.46) 1.84 
(.38) 1.89 (.32) 

Spontaneous 1.42 
(.78) 1.25 (.74) .31 

(.66) .41 (.73) .79 
(.98) .79 (.92) 

Table 4: Mean number of explanations endorsed by explanation type by age group 
and prime within the origins domain. 

For children, the most frequently endorsed explanation type was theistic (M=1.56, 

SE=.10), which was significantly more common than local supernatural explanations 
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(M=1.00, SE=.15), p=.003. The second most commonly endorsed explanation type for 

origins among children was spontaneous explanations (M=1.33, SE=.13), which were 

also significantly more common than local supernatural explanations, p=.03. There was 

no significant difference between biological explanations (M=1.29, SE=.14) and any of 

the other explanation types. 

For adolescents, as with children, the most commonly endorsed explanation for 

origins was theistic explanations (M=1.74, SE=.08), which were significantly more 

common than spontaneous explanations (M=.36, SE=.12), p<.001, biological 

explanations (M=.29, SE=.10), p<.001, and local supernatural explanations, (M=.12, 

SE=.07), p<.001. Local supernatural explanations were also significantly less common 

than both spontaneous explanations, p=.02, and biological explanations, p=.02. There 

was no significant difference between the frequency of biological explanation 

endorsement and spontaneous explanation endorsement. 

As with children and adolescents, the most commonly endorsed explanation for 

origins among adults were theistic explanations. Theistic explanations (M=1.87, SE=.06) 

were significantly more common than spontaneous explanations (M=.79, SE=.21), 

p<.001, biological explanations (M=.71, SE=.19), p<.001, and local supernatural 

explanations (M=.63, SE=.18), p<.001. There was no significant difference between any 

of the other explanation. 

Across domain analyses 

Next I present analyses examining differences in explanation frequency across 

domains. Since the first set of analyses revealed that the effects of priming were minimal, 

I collapsed the natural and supernatural prime for the subsequent analyses. Within each 

domain, participants were asked to endorse or reject explanations in response to two 

vignettes with a naturalistic prime and two with a supernatural prime. Since naturalistic 
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and supernatural prime vignettes were collapsed for these analyses, each explanation 

could be endorsed a maximum of four times within each domain. Four repeated measures 

ANOVAs were conducted using domain as the within-subject variable and age as the 

between-subject variable.  

Local Supernatural Explanations 

A repeated measures ANOVA was conducted on the number of times participants 

endorsed local supernatural explanations using domain type (3: death, illness, and human 

origins) as the within subjects variables, and age group (3: child, adolescent, and adult) as 

the between subjects variable. This analysis revealed a main effect of age group, F(2, 

69)=16.32, p<.001, η!!=.321. There was no significant effect of domain, F(2, 138)=2.51, 

p=.085, and no significant interaction between domain and age. Pairwise comparisons 

reveal that children endorsed significantly more local supernatural explanations than 

adolescents, p<.001, and adults, p=.03. Adults endorsed significantly more local 

supernatural explanations than adolescents, p=.004 (see Table 5). 

 
Domain Child Adolescent Adult 
Death 2.25 (1.26) .72 (1.13) 1.58 (1.71) 
Illness 2.17 (1.40) .38 (.90) 1.37 (1.77) 
Origins 2.00 (1.47) .24 (.79) 1.26 (1.56) 

Table 5: Mean number of local supernatural explanations endorsed in each domain 
by age group. 

Biological Explanations 

A repeated measures ANOVA was conducted on the number of times participants 

endorsed biological explanation using the same factors as the analysis for local 

supernatural explanations. This analysis revealed a main effect of domain, F(2, 

138)=39.10, p<.001, η!!=.345, as well as a main effect of age group, F(2, 69)=2.90, 
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p=.003, η!!=.158. These main effects, however, should be interpreted in light of a 

significant interaction between domain and age group, F(4, 138)=13.30, p<.001, η!!=.278 

(see Table 6). 

 
Domain Child Adolescent Adult 
Death 2.58 (1.53) 1.48 (1.43) 3.00 (1.29) 
Illness 2.46 (1.41) 3.14 (1.06) 3.47 (.77) 
Origins 2.58 (1.38) .59 (1.02) 1.42 (1.61) 

Table 6: Mean number of biological explanations endorsed in each domain by age 
group. 

 The frequency of children’s biological explanations was not affected by domain, 

F(2, 46)=.09, p=.91. For adolescents the frequency of biological explanations was 

affected by domain, F(2, 56)=47.35, p<.001, η!!=.628. Pairwise comparisons reveal that 

biological explanations were significantly more common for the illness domain than for 

death or human origins, p<.001. Biological explanations were significantly more 

common for death than for human origins, p<.001. For adults the frequency of biological 

explanations was significantly affected by domain, F(2, 36)=26.25, p<.001, η!!=.593. 

Pairwise comparisons show that for adults, biological explanations were significantly 

more common in the illness domain than in the domain of death, p=.046, and the domain 

of human origins, p<.001. Biological explanations were also significantly more common 

within the domain of death than human origins, p<.001. 

Spontaneous Explanations 

The same repeated measures ANOVA was conducted on the number of times 

participants endorsed spontaneous explanations. This analysis revealed a main effect of 

domain, F(2, 136)=11.30, p<.001, η!!=.143, as well as a main effect of age group, F(2, 

68)=11.53, p<.001, η!!=.253. These main effects, however, should be interpreted in light 
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of a significant interaction between domain and age group, F(4, 136)=3.01, p=.02, 

η!!=.081 (see Table 7). 

 
Domain Child Adolescent Adult 
Death 2.83 (1.27) 1.48 (1.43) 2.89 (1.37) 
Illness 2.26 (1.29) 1.21 (1.21) 2.37 (1.42) 
Origins 2.65 (1.34) .72 (1.31) 1.58 (1.81) 

Table 7: Mean number of spontaneous explanations endorsed by domain and age 
group. 

 Children’s endorsement of spontaneous explanations was not affected by domain, 

F(2, 44)=2.39, p=.10. For adolescents, the frequency of spontaneous explanations was 

affected by domain, F(2, 56)=5.60, p=.006, η!!=.167. Pairwise comparisons show that 

spontaneous explanations are significantly less common in the human origins domain 

than the domains of death, p=.007, and illness, p=.032. There was no statistical difference 

between the domains of death and illness in endorsement of spontaneous explanations for 

adolescents. For adults there was a significant difference in the endorsement of 

spontaneous explanations across domains, F(2, 36)=7.50, p=.002, η!!=.294. Pairwise 

comparisons show that for the domain of death, spontaneous explanations are 

significantly more common than in the domain of illness, p=.047, and human origins, 

p=.002. There was no statistical difference in spontaneous explanations between the 

illness domain and the human origins domain for adults.  

Theistic Explanations 

Finally, the same repeated measures ANOVA was conducted on the number of 

times participants endorsed theistic explanations. This analysis revealed a main effect of 

domain, F(2, 138)=76.86, p<.001, η!!=.527, as well as a main effect of age group, F(2, 

69)=7.58, p=.001, η!!=.180. These main effects, however, should be interpreted in light of 
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a significant interaction between domain and age group, F(4, 138)=7.70, p<.001, η!!=.182 

(see Table 8). 

 
Domain Child Adolescent Adult 
Death 2.46 (1.41) 1.00 (1.36) 1.58 (1.64) 
Illness 2.12 (1.39) .45 (.95) 1.58 (1.77) 
Origins 3.13 (.99) 3.48 (.83) 3.74 (.56) 

Table 8: Mean number of theistic explanations endorsed by domain and age group. 

 For children there was a significant effect of domain on endorsement of theistic 

explanations, F(2, 46)=4.41, p=.018, η!!=.161. Pairwise comparisons show that children 

endorse significantly more theistic explanations in the human origins domain than in the 

illness domain, p=.005. There was no statistical difference in theistic explanation 

endorsement between the origins domain and the domain of death. Nor was there any 

statistical difference between the domain of death and the domain of illness. For 

adolescents, there was a significant effect of domain on the number of theistic 

explanations endorsed, F(2, 56)=81.93, p<.001, η!!=.745. Pairwise comparisons reveal 

that they endorsed more theistic explanations in the human origins domain than in the 

domains of death and illness, p<.001. Adolescents also endorsed more theistic 

explanations in the domain of death than in the domain of illness, p=.043. For adults 

there was a significant effect of domain on the number of theistic explanations, F(2, 

36)=26.75, p<.001, η!!=.598. Pairwise comparisons reveal that adults endorsed 

significantly more theistic explanations for human origins than for the domains of death 

or illness, p<.001. There was no statistical difference in the number of theistic 

explanations between the death and illness domains for adults.  
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DISCUSSION 

These data demonstrate that although explanatory coexistence is prevalent across 

the domains of death, illness, and origins in Tanna, there are nuanced and interesting age 

and domain differences. Below, I highlight how priming and development influence the 

way individuals in Tanna invoke both natural and supernatural explanations within and 

across these core domains. 

In the domain of death, my prediction that participants would endorse theistic 

explanations in response to the supernatural prime and biological explanations in 

response to the natural prime was only partially supported. Across age groups and prime, 

participants commonly endorsed both spontaneous and biological explanations for death, 

indicating high levels of coexistence thinking. Both biological and spontaneous 

explanations for death were more common than theistic or local supernatural 

explanations. Recent research has shown that priming supernatural conceptions about 

death in Vanuatu increases ideas about the continuation of both the body and mind after 

death (Watson-Jones et al., 2016). It may have been that the response options presented 

in the present study did not give participants the option to express these beliefs in 

response to the supernatural prime. Adolescents were less likely than adults and children 

to endorse any of the explanation types for death. Again, this could be because the forced 

choice paradigm employed in the present study did not accurately reflect the beliefs 

adolescents held about death. Looking across domains reveals that spontaneous 

explanations were more common in the death domain than any other domain for the adult 

sample. This may suggest that, similar to adolescents, the closed-ended response options 

for death did not match adults’ beliefs and they therefore endorsed a spontaneous 

explanation. Future research employing an open-ended response paradigm could bring 

further clarity to the development of death concepts in Tanna. 
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In the domain of illness, my prediction that I would find high levels of biological 

explanation endorsement following the natural prime and local supernatural explanations 

following the supernatural prime for illness was partially supported. I found that 

biological explanations were the most frequent for illness among the adolescent and adult 

sample regardless of prime. The data also show an interaction between prime and 

explanation type, which revealed that in response to the supernatural prime, endorsement 

of spontaneous explanations became more common than theistic or local supernatural 

explanations. This could be because the supernatural prime primed participants to believe 

that something other than purely biological processes were taking place. Participants may 

not have been willing to attribute the cause to the supernatural and instead increased their 

endorsement of spontaneous explanations. This would be consistent with previous 

research, which shows that explanatory coexistence is more common for very serious 

illnesses (Legare & Gelman, 2008). The illnesses examined in the present study, malaria 

and tuberculosis, may not have been viewed as serious enough to invoke high levels of 

explanatory coexistence. Recent efforts on Tanna by the WHO have almost completely 

eradicated malaria, and 89% of Tannese people believe tuberculosis is easily cured by 

Western medicine (Atkinson et al., 2010; Viney et al., 2014). Unlike adults and 

adolescents, children engaged in higher levels of explanatory coexistence. Children 

frequently endorsed all four explanation types, and no explanation type was statistically 

more common than any other. I propose that children may adopt a broader explanatory 

framework for the cause of illness than adolescents and adults. This is consistent with 

past research, which shows that children believe that illness can be caused by germs, poor 

nutrition, or behaving badly (Inagaki & Hatano, 2004). As children accumulate additional 

knowledge about the causes of illness through formal education, health campaigns, and 

experience with illness more generally, they may pare down the number of causal 
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pathways they believe can lead to illness and thereby engage in lower levels of 

explanatory coexistence. Examining explanations across domains also reveals that 

biological explanations were more common for illness than any other domain for the 

adolescent and adult samples. Theistic explanations were also less common for illness 

than they were for human origins across all ages. 

For the domain of human origins, I predicted that theistic explanations would be 

the most common and results support this prediction. Across all ages, participants 

strongly favored theistic explanations, a finding consistent with previous research 

(Watson-Jones et al., 2015). The domain of human origins elicited low levels of 

explanatory coexistence across age groups. Adolescents and adults specifically endorsed 

theistic explanations statistically more often than all other explanation types and children 

endorsed theistic explanations more than all explanation types except spontaneous. I 

propose that the lower level of coexistence reasoning in the domain of human origins is 

partly because of minimal exposure to any alternative explanations, such as evolution. 

This proposal is supported by examining the frequency of explanations across domains, 

which reveals that biological explanations were endorsed significantly less frequently for 

human origins than in the death and illness vignettes for adolescents and adults. With 

increasing exposure to evolutionary explanations through the advancement of Western 

schooling on the island, explicit attempts to integrate evolutionary and biblical accounts 

will likely become more prevalent and may lead to higher levels of explanatory 

coexistence within the domain of human origins, a possibility that should be examined 

through continued research. It might be especially fruitful to examine whether differences 

in explanatory coexistence for human origins exist between individuals who grew up 

attending Western-style schooling where evolutionary accounts of humans origins are 

prominent, and older adults who did not attend school. A study of this kind has the 
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potential to document the emergence of explanatory coexistence in a unique cultural 

ecology.  

Across highly diverse populations, domains of fundamental concern to humans 

often motivate coexistence thinking. Yet explanatory coexistence is dependent on 

contextual factors and is heavily influenced by local ecologies and the content of cultural 

belief systems, as well as the availability of different kinds of explanatory frameworks. 

This research from Tanna provides unique insight into how diverse epistemological 

perspectives, kastom, Christian, and scientific, can be seamlessly integrated into a causal 

understanding of the world that merges the natural and the supernatural. 
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Chapter 3: Cross-Cultural Variation in the Development of Folk 
Ecological Reasoning2 

Never before in history have the majority of humans been as isolated from the 

natural environment as they are today. This poses a major challenge for understanding 

reasoning about folk ecology, or interactions between plants, animals, and humans (Atran 

et al., 1999; Bang et al., 2007), given that much of the current human population has 

increasingly limited direct interaction with nature and learns about the natural world 

primarily through formal education (Wolff & Medin, 2001). 

Previous cross-cultural research on folk ecological reasoning has been conducted 

predominantly with non-Native majority culture Americans and indigenous American 

populations, such as the Menominee, the Wichi, and the Itza (Atran, 1994; Bang et al., 

2007; Taverna, Medin, & Waxman, 2016). This research has shown cultural variation in 

anthropocentrism on category based induction tasks (Atran et al., 2004) and mental 

models and organization of biological kinds (Medin et al., 2006). There is also cultural 

variation in the learning goals parents have for their children regarding the natural world 

(Bang et al., 2007), and how children view predator-prey relationships (ojalehto et al., 

2015). In a study of non-Native U.S. and Menominee fish experts, non-Native fish 

experts were more likely to sort fish based on taxonomic, morphological, or goal-related 

categories, whereas Menominee fish experts were more likely to sort fish on the basis of 

their ecological relationships, such as grouping fish by their habitat (Medin & Atran, 

2004; Medin et al., 2006). In another study, 5- 7-year-old children were shown pictures of 

two biological organisms, and asked to explain why the two organisms might be paired 

                                                
2 Busch, J. T. A., Watson-Jones, R. E., & Legare, C. H. (2018). Cross-cultural variation in the development 
of folk ecological reasoning. Evolution and Human Behavior. 
https://doi.org/10.1016/j.evolhumbehav.2018.02.004 
Busch designed the study, collected the data, conducted the analyses, and wrote the manuscript for 
publication. Watson-Jones & Legare contributed to the research design and provided feedback on the 
writing of the manuscript. Watson-Jones also contributed to data collection.  
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together. Menominee children were more likely to reason ecologically about biological 

kinds than were non-Native U.S. children (Unsworth et al., 2012).  

This variation in folk ecological knowledge between indigenous and non-native 

U.S. populations has primarily been attributed to cultural differences in epistemological 

orientations, or beliefs about the nature and acquisition of knowledge (McGinnis, 2016; 

Medin & Atran, 2004; Medin, Waxman, Woodring, & Washinawatok, 2010; Unsworth et 

al., 2012). From a Western scientific perspective, the world operates on a linear basis of 

cause and effect, whereas indigenous knowledge is more likely to construe the world as 

consisting of a complex web of interactions (Freeman, 1992). These different 

epistemological orientations are influenced by formal education, which is an important 

conduit for the intergenerational transmission of cultural knowledge (Chavajay & Rogoff, 

2002; Rogoff, 2003). For children living in urban industrialized populations, formal 

education is the primary source of information about how biological kinds relate to one 

another and how humans fit within the ecological system (Wolff & Medin, 2001). In 

contrast, children from rural areas also often learn about ecology through direct 

interaction with the environment, which has been shown to impact reasoning about 

biological kinds. Children living in rural areas are more likely to make inductive 

inferences based on ecological relationships than children from urban environments 

(Coley, 2012; Herrmann, Waxman, & Medin, 2010; Ross, Medin, Coley, & Atran, 2003). 

Children’s experience with the natural world, along with the epistemological orientation 

of their community, shapes the development of ecological reasoning (Medin et al., 2010). 

The increased attention to ecological relationships documented among indigenous 

populations and non-Native, rural U.S. populations may be a result of how humans attain 

ecological knowledge. ojalehto, Waxman, and Medin (2013) argue that ecological 

knowledge is constructed through the human ability for perspective taking, which allows 



 35 

us to perceive the interdependent relationships between species. Knowledge of ecology is 

accumulated across generations through observation and experiences with nature (Turner 

& Berkes, 2006). Over time, events of resources scarcity, the migration of human 

populations, trial and error, experimentation, and incremental modifications of ecological 

knowledge enter the oral history of a population leading to the emergence of rules, 

taboos, and cultural institutions, which work to conserve resources (Johannes, 2002; 

Turner & Berkes, 2006). This knowledge of ecological relationships is essential for the 

survival of populations who are reliant on subsistence agriculture, foraging, and hunting. 

It is also possible that intuitive folk theories for reasoning about the natural world in 

terms of ecological relationships represent a more salient framework for understanding 

nature than a taxonomic framework, which has historically been assumed as the default in 

much of the research on folk biological knowledge. If folk ecology is an intuitive theory 

for reasoning about relationships in the natural world, there should be evidence for both 

similarities and variation in reasoning about the natural world between highly diverse 

populations (ojalehto & Medin, 2015). 

 The objective of the current studies was to examine variation in how children 

reason about the relationships between natural kinds in an urban U.S. population in 

Austin, Texas and a non-industrialized, indigenous population in Tanna, Vanuatu. In two 

studies, I examined the development of U.S. and Ni-Vanuatu children’s understanding of 

species’ ecological relatedness and interdependence (Study 1), as well as their 

understanding of the relationship of humans to other plants and animals in the 

environment (Study 2). Children in the U.S. and Vanuatu differ in their level of 

interaction with the natural world and in their level of participation in formal education, 

which may influence the way children construct knowledge of ecological concepts 

(Taverna, Waxman, Medin, & Peralta, 2012; Wolff & Medin, 2001).  
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First, I examined variation in folk ecological reasoning between populations. I 

predicted that children in Vanuatu, who have more direct interaction with the natural 

world and less formal schooling, would engage in more ecological reasoning than 

children in the U.S. In contrast, I predicted that U.S. children, who have less direct 

interaction with the natural world and more formal schooling, would engage in more 

taxonomic reasoning than children in Vanuatu.  

  Next, I examined the development of folk ecological reasoning across childhood. 

Reasoning about biological kinds is a developmentally privileged, core domain of 

thought (Inagaki & Hatano, 2002; Legare, Wellman, & Gelman, 2009; Wellman & 

Gelman, 1992). Eight-month old infants are sensitive to cues that a novel object is an 

animal as opposed to a non-living object, which suggests that the process of forming a 

conceptual understanding of nature begins in infancy (Setoh et al., 2013). Infants will 

avoid potentially noxious plants (Wertz & Wynn, 2014), dangerous snakes and spiders 

(DeLoache & LoBue, 2009; Hoehl & Pauen, 2017; Rakison & Derringer, 2008), and 

rapidly acquire information from conspecifics about other dangerous animals (Barrett & 

Broesch, 2012). Across cultures, children reliably categorize living organisms at the 

same, generic-species level (Medin & Atran, 2004). These biases are early developing 

and elaborated through cultural, educational, and ecological experiences (Raman & 

Gelman, 2004; Rhodes & Gelman, 2009). Despite this research on children’s early-

developing biases for reasoning about biological kinds, little work has been done to 

examine how children’s knowledge of relationships between natural kinds develops. I 

predicted that older children would be more likely to engage in both ecological and 

taxonomic reasoning than younger children due to increased knowledge about the natural 

world with age. I predicted that younger children would rely more heavily on 

morphological similarities between kinds. 
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STUDY 1 

In Study 1 I examined how children reason about the relations between plants and 

animals using a species relations task (Unsworth et al., 2012). This task presented 

children with picture pairs of non-human animals and plants and asked children to 

articulate how or why the two organisms might go together. The open-ended nature of the 

task allowed children to generate responses ranging from perceptual similarities between 

biological kinds to ecological relationships. I predicted that ecological explanations 

would be the more common in Vanuatu than the U.S. Second, I predicted that 

explanations referring to taxonomic relationships would be more common among the 

U.S. sample than the Ni-Vanuatu sample.  

Methods 

Participants Austin, Texas, U.S.A. 

 The U.S. sample (fifty-eight 5- 13-year-olds, average age 8.66, SD = 2.60, 30 

female) was recruited through birth records maintained at a research university, and at a 

local children’s museum in Austin, Texas. Depending on the recruitment method, 

children participated in the study on the university campus or in a quiet room at the 

museum. Sixty-nine percent of parents reported their child’s ethnicity as 

Caucasian/European American, 12.1% reported Latino, 3.4% reported African/African-

American, 3.4% reported Asian/Asian-American, 1.7% reported other, and 10.3% chose 

not to report their child’s ethnicity.  

The city of Austin, Texas, has a population of nearly 1 million people. Austin is 

one of the most highly educated metropolitan areas in the nation with 39 percent of the 

population over 25-years-old holding a Bachelor’s degree. Children in the U.S. sample 

attended school in the Austin Independent School District (AISD) where they begin 

learning about the relationships between animals in kindergarten. The science curriculum 
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requires that the youngest children in these studies (5-years-old/kindergarten) should 

understand “that plants and animals have basic needs and depend on the living and non-

living things around them for survival.” Children of this age also practice sorting “plants 

and animals into groups based on physical characteristics.” By the upper age range of 

these studies (13-years-old/7th grade), students are expected to have learned to “identify… 

changes in genetic traits that have occurred… through natural selection and selective 

breeding” and to be able to utilize a dichotomous key to identify insects and plants.  

Participants Tanna, Vanuatu   

The Ni-Vanuatu sample (thirty-nine 5- 13-year-olds, average age 9.10, SD = 2.64, 

16 female) was collected at schools in the town of Lenakel, or in the nearby village of 

Ikunala on the island of Tanna. A local research assistant conducted all interviews in one 

of the local languages, Bislama. The people of Tanna engage almost exclusively in 

subsistence agriculture (Cox et al., 2007). Tanna operates on a semi-cash economy where 

the majority of resources are raised or harvested and not purchased at shops. Cash tends 

to be viewed as a community resource, not private capital and functions more to ensure 

social conformity and solidarity within the group (Peck & Gregory, 2005). Reliance on 

industrial resources is minimal, amounting to approximately $300 million per year 

nationwide, about 20% of which are petroleum products, and about 18% are foodstuffs 

(Hausmann et al., 2011; Simoes & Hidalgo, 2011). The majority of these imports are sent 

to Port Vila and Luganville, making subsistence living even more common on Tanna. 

Because of their limited access to industrial commodities Ni-Vanuatu children participate 

in planting, caring for, and harvesting crops, as well as raising several types of 

domesticated animals (i.e., pigs, cows, chickens, dogs) (Busch, Watson-Jones, & Legare, 

2017; Watson-Jones et al., 2017; Watson-Jones et al., 2015).  
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Schools with formal curricula have only been present in Vanuatu for the last thirty 

years (Peck & Gregory, 2005). The percentage of children completing primary school 

between 2008-2012 was around 72% (UNICEF, 2013). According to the Vanuatu 

Ministry of Education, children in the youngest age group examined in these studies 

should learn to sort animals into groups and generate justifications for their groups such 

as, “fly or not; swim or not; lay eggs or not; etc.” Children are also expected to learn 

ecological characteristics of animals such as, which animals eat meat and which eat 

plants as well as construct food chains. Children learn about which animals are helpful to 

people and which are harmful. By 6th grade children learn practical knowledge about how 

to plan and care for gardens, including crop rotation and composting. 

Five to thirteen-year-old children were chosen to participate in this study because 

past research has documented developmental differences with 6- 10-year-olds in 

biological reasoning between non-Native urban, non-Native rural, and Native U.S. 

populations (Ross et al., 2003). My intention was to examine how cultural variation 

would influence the developmental of folk ecological reasoning, so I selected the age at 

which past research suggested there would be the greatest conceptual change. No 

research of this kind has previously been conducted in Tanna, thus, I decided to broaden 

the age range slightly to include children 5- 13-years-old. 

Materials  

Children were shown twenty-five pairs of pictures depicting various plants and 

animals. Included in the experiment were six plant/plant pairs, seven plant/animal pairs, 

and twelve animal/animal pairs. One of the plant/plant pairs was used as a practice trial, 

thereby bringing the total number of test trials to twenty-four. The plants and animals 

used in the study were chosen to afford the same types of relationships as the biological 

kinds used by Unsworth et al. (2012), and on the basis that they would be familiar to 
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children in both the U.S. and Vanuatu (see Table 9 for full list). All pairs could be related 

to one another on the basis of their taxonomic relationship (e.g., a horse and a mouse are 

both mammals), or ecological relationship (e.g., a spider eats a fly). Many pairs also 

depicted morphological similarities (e.g., a dog and a pig both have four legs) and all 

pairs related to one another in more than one way (e.g., a dog and a pig are also both 

mammals). The pairs were each presented on an 8.5” x 11” sheet of paper with the 

pictures oriented on the page vertically. The pictures themselves measured approximately 

6.5” x 4.5” and the position of the pictures (top vs. bottom) was counterbalanced across 

participants. 
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Organism 1 Organism 2 

Orchid Hibiscus 

Tree Fern Palm Tree 

Kauri Tree Moss 

Papaya Mango 

Fig Tree Banyan Tree 

Pandanus Tree Coconut Tree 

Gecko Skink 

Snake Frog 

Dog Pig 

Bee Butterfly 

Ant Beetle 

Swallow Mosquito 

Fly Spider 

Petrel Fish 

Sailfish Marlin 

Rat Harrier Hawk 

Horse Mouse 

Duck Sandpiper 

Fruit Dove Mangrove 

Dugong Sea Grass 

Cow Grass 

Snail Noni Tree 

Owl Sandalwood Tree 

Coconut Crab Coconut Tree 

Fruit Bat Bread Fruit 

Table 9: Species pairs used in Study 1. 
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Procedure  

A speaker of the participants’ native language told the participant “I am going to 

show you some pictures of plants and animals and then ask you some questions about 

them. Do you want to play?” Once children felt comfortable with the experimenter, they 

completed one training trial and twenty-four test trials. For use in Vanuatu, the protocol 

was translated from English to Bislama by a local bilingual schoolteacher and then back 

translated to English to ensure accuracy. Research assistants were identified and recruited 

with the aid of local schoolteachers and representatives from the Vanuatu Cultural 

Center. Research assistants were required to be fluent in both English and Bislama.  

Training Trial. The training trial began with the experimenter turning over the 

training trial picture pair, pointing to each picture one at a time, and stating the species 

name of the plant or animal (i.e., “This is an orchid, and this is a hibiscus”). The 

experimenter then asked, “How or why do you think these two could go together?” All 

children in the U. S. received one practice trial, which depicted an orchid and a hibiscus. 

After giving their response to the practice trial, the experimenter provided several other 

explanations for how the orchid and hibiscus might go together, for example, “they are 

both plants” (taxonomic), “they both have petals” (morphological), “they both attract 

insects to eat their nectar” (ecological), or “they can both be planted in the garden for 

decoration” (utility). Twenty-eight of the children in Vanuatu did not receive a practice 

trial, however, a chi-square on response type showed no difference in the number of 

participants providing the various explanation types between those who received the 

practice and those who did not, χ2 (4, N = 39) = 4.67, p = .32. 

Experimental Trials. The experimental trials continued for twenty-four additional 

picture pairs. The procedure was the same as the training trial in which the pair of 

pictures was presented to the child, the experimenter stated the species name of each 
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picture in the pair, and then asked how the two organisms might go together. The order in 

which the species were named was counterbalanced, and the order in which each pair was 

presented to the children was random. The only difference from the training trial was that 

after the child gave their response the experimenter did not offer any additional 

explanations. 

Coding 

Responses to each of the 24 experimental pairs were video recorded and then 

coded into six categories based on the coding categories used by Unsworth et al. (2012). 

Responses were coded as ecological relationships, taxonomic relationships, utility 

relationships, morphological relationships, physiological relationships or non-explanatory 

(see Table 10). Responses were coded by undergraduate research assistants, blind to the 

hypotheses of the study. Responses were coded as ecological if they referred to 

interdependent relationships between the species. Ecological relationships could refer to 

shared habitat relations or food chain interactions. Taxonomic relationships were any 

explanations that referred to category membership. Explanations that referenced how 

humans could use both organisms, or other ways the picture pair was related to humans 

were coded as utility relationships. Responses were coded as morphological if they 

referenced the perceptual features of the organisms in the photos. Responses that 

highlighted a behavioral similarity were coded as physiological. Any explanation that did 

not fit into one of these coding categories was coded as non-explanatory. 
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Explanation 
Type  

Definition Examples 

Ecological  Refers to relationships 
between species, which 
could include habitat, food 
chain, or other biological 
needs 
 

“The petrel eats the fish” 
“They can both live in the same place” 
“Snail can climb on the tree” 
“The bird can sit on top of the 
mangrove branches” 

Taxonomic  Refers to category 
membership of the species 
 
 
 

“Because they’re both trees” 
“Both insects” 
“They’re both plants” 
“Both types of birds” 
“Both types of lizards” 

Utility  Refers to any utility 
function the species could 
provide for human use 
 

“People eat both of them” 
“We weave baskets and mats” 
“Some people have pigs and dogs as 
pets” 
“Both are fruit and can be food” 
“Found where the chiefs and the 
fathers go” 

Morphological  Refers to perceptual 
features of the species 
 

“They have big leaves” 
“Both have feathers and look similar” 
“The tree fern is long and the palm is 
short” 
“Both have rough teeth” 
“They both have antennae” 
 

Physiological  Refers to any behavioral 
similarities made possible 
the organism’s physiology  

“They both fly” 
“They both swim” 

Non-
explanatory  

Any response which does 
not clearly indicate how the 
two species relate 
 

“I don’t know” 
“They’re the same” 

Table 10: Coding categories for explanations from Study 1. 

If an explanation contained elements from more than one type of relationship (i.e., 

taxonomic, and ecological), that explanation was double coded. Therefore, with 24 test 

pairs the maximum number of explanations children could give of any one type was 24, 

but it was possible for children’s explanations to be coded with more than 24 codes if a 

single response contained information that was relevant to more than one coding 



 45 

category. For example a response of “they both have spikey noses and they both eat fish” 

would be double coded as morphological (spikey noses) and ecological (eat fish).  

To ensure accurate translation of Ni-Vanuatu children’s responses, their 

explanations were translated twice. First, during the experiment, the local research 

assistant would translate the child’s response for the experimenter, one at a time, who 

made note of the child’s response. All experimental sessions were videotaped and an 

independent native Bislama speaker, blind to the initial translation, then reviewed these 

videotapes and translated the children’s responses a second time. The experimenter then 

compared these two independent translations, and discussed any discrepancies with the 

translator to reach a consensus. 

Results 

The interrater reliability of the raters was Kappa = .72. The overall frequency of 

children’s responses of each type were analyzed using a multilevel linear model with 

random intercepts to control non-independence of data points using category of 

explanation as the within subjects independent variable, and age and culture as the 

between subjects independent variables. The same model was used to examine 

differences across age and country by releveling the within subjects variable so each 

category of explanation type served as the reference group once. 

 The frequency of children’s responses was standardized into z-scores to make the 

betas interpretable and explanation type was dummy coded. Explanation type was 

included as a within-subjects independent variable while also controlling for participant 

country (U.S. or Vanuatu), and age (continuous), which was centered around the mean. 

Results of the multilevel linear model show that overall, ecological explanations were the 

most common for the U.S. sample. Children in the U.S. provided significantly more 

ecological responses than taxonomic responses b = 1.41 (SEM = .093), p < .0001. 
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Taxonomic responses were the second most common explanation type for children in the 

U.S. Taxonomic responses were significantly more frequent than utility responses b = .98 

(SEM = .093), p < .0001, as well as non-explanatory responses, b = .88 (SEM = .093), p 

< .0001, and physiological responses, b = .83 (SEM = .093), p < .0001. There was no 

difference in the U.S. between the number of taxonomic responses and the number of 

morphological responses, b = .02 (SEM = .093), p = .80 (Table 11).  

In Vanuatu, as in the U.S., the most common explanation type was ecological. Ni-

Vanuatu children provided significantly more ecological responses than taxonomic 

responses b = 2.59 (SEM = .11), p < .0001. Ni-Vanuatu children also provided 

significantly more non-explanatory responses than taxonomic responses b = .57 (SEM = 

.11), p < .0001, and more physiological responses than taxonomic responses b = .39 

(SEM = .11), p < .001. There was no difference in the frequency of morphological 

responses and taxonomic responses from Ni-Vanuatu children, b = .21 (SEM = .11), p = 

.07, nor any difference in the frequency of taxonomic responses and utility responses, b = 

.17 (SEM = .11), p = .13 (Table 11). 

 

Explanation Type  U.S.  Vanuatu  

Ecological  13.21 (4.40) 14.77 (4.01) 

Taxonomic  5.72 (3.22) .64 (.96) 

Utility  .47 (.88) 1.56 (1.85) 

Morphological  5.64 (4.16) 1.69 (2.84) 

Physiological  1.29 (1.68) 2.69 (2.05) 

Non-explanatory 1.00 (1.32) 3.67 (3.01) 

Table 11: Mean number of responses across cultural communities from Study 1 
(standard deviations). 
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Next I provide the results of the multilevel linear model in regards to differences 

between the U.S. and Vanuatu and across age for each of the five explanation categories. 

To do this, the within-subjects variable of explanation category was releveled so each 

category served as the reference group once. I present the results for each category of 

explanation separately.  

Ecological Explanations 

The multilevel linear model examining the total number of ecological responses 

reveals that children in Vanuatu (M = 14.77, SD = 4.01) provided more ecological 

explanations than U.S. children (M = 13.21, SD = 4.40), b = .23 (SEM = .10), p = .03. 

The data also show an effect of age b = .14 (SEM = .02), p < .0001, such that children 

provided more ecological responses as they got older across both cultures. 

Taxonomic Explanations 

The multilevel linear model comparing the frequency of taxonomic responses 

across cultural contexts and age shows that Ni-Vanuatu children (M = .64, SD = .96) 

provided fewer taxonomic explanations than U.S. children (M = 5.72, SD = 3.22), b = -

.95 (SEM = .10), p < .0001. Participant age did not predict differences in the number of 

taxonomic responses, b = .005 (SEM = .02), p = .81. 

Utility Explanations 

The multilevel linear model comparing the frequency of utility responses across 

culture and age provides marginal support for the cross-cultural difference in children’s 

likelihood to provide utility responses. Children in Vanuatu (M = 1.56, SD = 1.85) 

provided more responses of this type than children in the U.S. (M = .47, SD = .88). b = 

.20 (SEM = .10), p = .054. Participant age did not predict differences in the number of 

utility responses, b = .006 (SEM = .02), p = .75. 

Morphological Explanations 
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The results of the multilevel linear model reveals that children in Vanuatu (M = 

1.96, SD = 2.84) provide fewer morphological responses than children in the U.S. (M = 

5.64, SD = 4.16), b = -.71 (SEM = .10), p < .0001. There was also a significant effect of 

age, b = -.04 (SEM = .02), p = .04, such that age was negatively associated with 

providing morphological explanations. 

Physiological Explanations 

The results of the multilevel linear model reveals that children in Vanuatu (M = 

2.69, SD = 2.05) provided more physiological responses than children in the U.S. (M = 

1.29, SD = 1.68), b = .27 (SEM = .10), p < .01. There was no significant effect of age on 

the frequency of physiological responses, b = -.03 (SEM = .02), p = .16. 

Non-explanatory responses 

The multilevel linear model shows that that non-explanatory responses were more 

common in Vanuatu (M = 3.67, SD = 3.01) than they were in the U.S. (M = 1, SD = 

1.32), b = .43 (SEM = .10), p < .0001. There was also a marginally significant effect of 

age, b = -.03 (SEM = .02), p < .073, which revealed as age increased, the frequency of a 

non-explanatory responses decreased. 

Discussion 

As predicted, data from Study 1 show that the most common explanation type in 

Vanuatu was ecological, and that ecological explanations were more common in Vanuatu 

than the U.S. This finding is consistent with previous research and supports the proposal 

that direct experience with the natural world supports ecological reasoning. Children 

living in urban and rural communities in the U.S., who have similar exposure to formal 

schooling yet differ in direct experience with the natural world, show differences in their 

ecological reasoning. U.S. children in rural areas privilege ecological explanations more 

than children living in urban areas (Coley, 2012).  
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Despite giving fewer ecological explanations than Ni-Vanuatu children, U.S. 

children provided more ecological explanations than any other explanation type. 

Furthermore, the data show ecological explanations become more common as children 

get older. This similarity, between populations with different cultural, educational, and 

ecological experiences, in privileging ecological explanations poses two interesting 

potential interpretations. One interpretation is that ecological reasoning is less dependent 

on particular input than other ways of thinking about the natural world, thus development 

of folk ecological reasoning proceeds similarly across populations regardless of input. An 

alternative interpretation is that the necessary input for developing folk ecological 

knowledge is present in both contexts, albeit from different sources and in differing 

amounts. 

I predicted that children in the U.S. would provide a greater number of taxonomic 

responses than Ni-Vanuatu children due to lower levels of interaction with the natural 

world and higher engagement in formal education. The data support my prediction; 

children in the U.S. provided more taxonomic explanations than children in Vanuatu. 

This result is consistent with previous research demonstrating that formal education 

emphasizes reasoning about taxonomic relationships (Coley, 2007; Coley, Arenson, Xu, 

& Tanner, 2017; Coley, Vitkin, Seaton, & Yopchick, 2005; Medin et al., 2006).  

An alternative interpretation for the findings of Study 1 is that Ni-Vanuatu 

children could have been more familiar with some of the plants and animals used in the 

stimuli than U.S. children, however, supplementary analysis provides evidence that this 

was not the case3. The data did not show any increase in taxonomic explanations with 

                                                
3 Picture pairs were split into those that were more familiar to U.S. children and those that were less 
familiar. Pairs coded as familiar included papaya/mango, snake/frog, dog/pig, bee/butterfly, ant/beetle, 
mosquito/swallow, fly/spider, rat/hawk, horse/mouse, duck/sandpiper, cow/grass, and owl/sandalwood tree. 
The remaining 12 pairs were coded as unfamiliar. A Pearson’s chi-square test on the frequency of each 
explanation type between familiar and unfamiliar items revealed no difference in the frequency of 
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age. It is possible that even by 5-years-old, children in the U.S. have had enough 

experience with taxonomic categorizations through storybooks, educational media, and 

parental input that they had already attained a robust knowledge of taxonomic 

relationships in comparison to their Ni-Vanuatu counterparts.  

In Study 2 I examined whether the same patterns of reasoning about non-human 

biological kinds would be reflected in the way children understand the human-

environment interaction. Study 1 showed that Ni-Vanuatu children provided more 

ecological, physiological, and utility relationships than U.S. children and conversely, that 

U.S. children provided more taxonomic and morphological explanations than Ni-Vanuatu 

children. In both populations ecological explanations were the most common. Do 

children in the U.S. and Vanuatu also privilege reasoning about the human-environment 

interaction from an ecological perspective? Do U.S. children reason more taxonomically 

about the human-environment interaction than Ni-Vanuatu children?  

STUDY 2 

In Study 2 my aim was to examine how children reason about the place of 

humans within an ecological system across two distinct cultural contexts. Previous 

research has shown consistency across urban U.S., rural, U.S., and Native American 

cultures in the belief that humans are distinct from animals (Leddon, Waxman, Medin, 

Bang, & Washinawatok, 2012). The card-sorting task I used in Study 2 provided children 

with pictures of both living and non-living objects and asked them to sort them into 

groups (Levin & Unsworth, 2013). Based on the results of Study 1, I was interested in 

whether the preference for ecological relationships would extend into the categorization 

                                                                                                                                            
taxonomic, ecological, utility, or morphological explanations between familiar and unfamiliar items. U.S. 
children gave fewer physiological explanations for unfamiliar items, and more non-explanatory response 
for unfamiliar items, χ2 (5, N = 58) = 34.1, p < .001 (standardized residuals = 4.61 and 3.48 respectively). 
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of humans within the natural world, or if the cultural differences in taxonomic reasoning 

would drive children’s categorization of humans. I predicted that there would be variation 

in the way children think about the human-environment relationship between 

populations: Ni-Vanuatu children would be more likely to categorize the human on the 

basis of ecological or utility relationships, whereas U.S. children would be more likely to 

categorize the human on the basis of taxonomic relationships.  

Method 

Participants Austin, Texas, U.S.A.  

U.S. participants (fifty-six 6- 11-year-olds, average age = 7.18, female = 29) were 

recruited through the birth records to participate in the study on the campus of a large 

Southwestern university. U.S. children completed the study in a quiet room on campus 

and received a small toy as compensation for their participation.  

Participants Tanna, Vanuatu 

Ni-Vanuatu participants (fifty 6- 11-year-olds, average age = 8.72, female = 22) 

were recruited from two elementary schools in the town of Lenakel on the island of 

Tanna. Local research assistants collected all Ni-Vanuatu data in Bislama. None of the 

participants in Study 2 participated in Study 1. 

Materials 

To assess children’s conceptual organization of the natural world, the 

experimenter presented the participants with twelve cards, each of which depicted either 

a plant, animal, non-living natural kind, or a human artifact. The cards were laminated, 

and all measured approximately 5.5” x 4.5”. The items depicted on the cards were chosen 

based off of previous work by Levin and Unsworth (2013), but adapted to be familiar to 

children in both the U.S. and Vanuatu. The pictures used included a human, a dog, a 



 52 

horse, a fruit bat, a bird, a butterfly, a fish, a coconut tree, a palm tree, a stone, the sun, 

and a kayak. All participants were video recorded during the completion of the task. 

Procedure 

Once children felt comfortable conversing with the experimenter, they were told 

that they were going to play a game with pictures of plants and animals. The 

experimenter then showed the child the first picture, and asked, “Can you tell me what 

this is a picture of?” This process was repeated for all twelve picture cards, which were 

presented to the child in a random order. Once all the pictures had been presented to the 

child, the research assistant told the participant to “put these pictures into groups however 

you think they should go and remember there are no right or wrong answers” in the 

child’s native language. For use in Vanuatu, this prompt was translated from English to 

Bislama by a local bilingual schoolteacher, and then back translated to English to ensure 

accuracy. Similar to Study 1, the prompt was intentionally open-ended to allow children 

an opportunity to group the cards in any way they wanted. Research assistants were 

identified and recruited with the aid of local schoolteachers and representatives from the 

Vanuatu Cultural Center. Research assistants were required to be fluent in both English 

and Bislama. Children were told that they could make as many or as few groups as they 

liked, and were reassured that there was no right or wrong way to group the pictures. 

Once the child finished making their groups, the experimenter went through each group 

the child made and asked, “why did you put these together?” 

Coding 

Children’s explanations for the groups they made were coded into seven 

categories. Responses were coded as ecological relationships, taxonomic relationships, 

utility relationships, morphological relationships, physiological relationships, or non-

explanatory, and these categories were the same as those used in Study 1. One additional 
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code, a uniqueness code was added to Study 2. Instances where children stated that they 

left a particular picture on its own because it was different from the others were coded 

using a uniqueness code. If an explanation contained elements from more than one type 

of relationship (i.e., taxonomic and ecological), that explanation was double coded. 

Additionally, because children were allowed to make any number of groups they felt 

necessary, the total number of explanations children gave varied across participants. 

Undergraduate research assistants, blind to the hypotheses of the study, coded 

explanations from the videos.   

Results  

I present data on the frequency of each type of explanation in the U.S. and 

Vanuatu, and then I present data on the groups children made. The groups children 

created were analyzed in two ways. First, I discuss logistic regression analyses between 

the U.S. and Vanuatu. Four independent binomial logistic regression analyses were 

conducted to assess whether country or age significantly predicted the probability that 

children grouped the human with a plant, a human artifact, a non-living natural kind, or 

an animal. Next, I discuss a cluster analysis of the data and provide a regional 

interpretation of the resulting dendrograms.  

Explanations 

For each group children made they provided an explanation of why they grouped 

the items together. The interrater reliability of the raters’ explanation codes was Kappa = 

.83. A Pearson’s Chi-square test was conducted on the overall frequency of each 

explanation type to examine whether the frequency of each explanation type was 

impacted by country. Results show that the frequency of explanation types differed 

across cultures, χ2 (6, N = 106) = 21.76, p = .001. Examination of the standardized 

residuals reveals that children in the U.S. used more taxonomic explanations for their 
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groups than Ni-Vanuatu children, whereas Ni-Vanuatu children used more morphological 

and utility explanations for their groups. The percentage of the total number of 

explanations accounted for by each explanation type by country with the standardized 

residuals is presented in Table 12. 

 
Explanation Type  U.S.  Vanuatu  Standardized 

Residual  
Ecological  25%   23% +/- .39 
Taxonomic  30% 16% +/- 3.67 * 
Utility  6% 11% +/- 2.27 * 
Morphological  7% 14% +/- 2.65 * 
Physiological  9% 10% +/- .17 
Non-explanatory  10% 10% +/- .16 
Unique 14% 15% +/- .52 

Table 12: Percentage of total number of responses from each coding category across 
cultures. 

Sorting 

The data show that children in the U.S. sorted the twelve cards into 4.16 groups 

on average (SD = 1.49), while children in Vanuatu created, on average 4.88 groups (SD = 

1.69). Children in Vanuatu created significantly more groups than children in the U.S., 

t(104) = 2.33, p < .05, d = .45. 

 To examine the groups participants made, I coded for whether participants put the 

human with any animal, with any plant, with any non-living natural kind, and with the 

human artifact. I then conducted four independent binomial logistic regression analyses 

using country (U.S., Vanuatu) and age as the independent variables to examine whether 

country or age significantly predicted how they sorted the human. Results showed 

similarities between the U.S. and Vanuatu and revealed one key difference.  

 Results showed that children in the U.S. (M = 38%) categorized the human and 

plants into the same group at the same frequency as children in Vanuatu (M = 32%), b = 
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.02, z(1) = .034, p = .97. Children’s likelihood to group the human with a plant was not 

predicted by age, b = .-17, z(1) = -1.08, p = .28. The data also showed no difference in 

the likelihood of children grouping the human with the human artifact between the U.S. 

(M = 18%) and Vanuatu (M = 20%), b = -1.06, z(1) = -1.69, p = .09. Age however, was a 

significant predictor of children’s likelihood to group the human with the human artifact 

across cultures, b = -.61, z(1) = -2.45, p = .01 (Odds Ratio = .54, 95% CI = .34 – .89), 

such that younger children were more likely to group the human with the artifact than 

older children.  

Children’s likelihood to categorize the human with a non-living natural kind was 

significantly predicted by country. Children in the U.S. (M = 25%) placed the human in a 

group with a non-living natural kind (sun or stone) less frequently than children in 

Vanuatu (M = 42%), b = -1.0, z(1) = -2.0, p = .045 (Odds Ratio = .37, 95% CI = .14 – 

.98). Age did not significantly predict the likelihood that children would group the human 

with a non-living natural kind, b = -.13, z(1) = -.87, p = .39. 

 Finally, the data show a significant interaction between country and age in the 

frequency with which participants in the U.S. and Vanuatu grouped the human with an 

animal. The results showed that the odds of placing the human in a group with an animal 

increases with age for majority culture U.S. children, while the odds decreased for Ni-

Vanuatu children, b = .81, z(1) = -2.27, p = .024 (Odds Ratio = 2.24, 95% CI = 1.11 – 

4.49).  (Figure 1). 
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Figure 1: Predicted probability of participants placing the human in a group with 
another animal across cultures in Study 2. Grey shading represents 95% 
CI’s. 

Cluster Analyses 

The groups that participants created were then used to conduct two independent 

cluster analyses. Using Euclidean distances between each of the twelve items a similarity 

matrix was constructed. The similarity matrix of Euclidean distances was then used to 

create two separate dendrograms, one for the U.S. and one for Vanuatu (Figure 2 and 

Figure 3). Consistent with research on folk biology, these data show similarity across 

cultures in how plants and animals are sorted (Berlin, Breedlove, & Raven, 1973). A 

regional interpretation of the two dendrograms revealed that data from both the U.S. and 

Vanuatu cluster into two distinct branches, a branch dedicated to animals, which includes 
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the dog, horse, bird, bat, and butterfly in both cultural communities. Finer-grained 

similarity between the U.S. and Vanuatu is revealed in distinct clusters for plants, 

quadrupedal mammals, and the three flying animals (bat, butterfly, bird).  

There is variation between populations in how children categorize humans in 

relation to other natural kinds. In the U.S. the human is included on the branch with the 

rest of the animals, whereas in Vanuatu the human is more closely associated with the 

sun and the stone. One other difference is the association between the canoe and the fish 

in Vanuatu. The data from Vanuatu suggest that children associate the fish more closely 

with the canoe than children in the U.S., who were more likely to group the fish and the 

other animals.  

 

Figure 2: United States dendrogram of similarity scores from Study 2. 
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Figure 3: Vanuatu dendrogram of similarity scores from Study 2. 

Discussion 

 The data from Study 2 demonstrate that there is both cultural variation and 

similarity in the development of children’s knowledge about the human-environment 

interaction. Experience plays an integral role in shaping children’s conceptual 

understanding of the role of humans in the biological world. U.S. children were more 

likely to group the human with an animal as they got older, whereas children in Vanuatu 

were less likely to categorize the human with another animal as they got older. This 

finding provides more nuanced insight into previous research that shows across cultures, 

young children deny that humans are animals, but older children are willing to accept that 

humans are mammals (Leddon et al., 2012). The findings suggest that the belief that 

humans are animals does not increase with age in all populations. In the U.S., where age 

and formal educational attainment are tightly linked, a folk ecology, which integrates 

humans into the biological world from a taxonomic perspective may be more common. 
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The categorization data also demonstrate that the U.S. participants placed the human with 

other animals, on the same branch as the fish, dog, horse, bat, butterfly, and bird, whereas 

the Ni-Vanuatu participants placed the human on a branch with all non-animals (except 

fish). Variation in how humans are categorized may arise from differences in input: In the 

U.S., less direct experience with the natural world and more experience with formal 

education increases taxonomic reasoning. In Tanna, the categorization of the human with 

non-living natural kinds may be related to Tannese origin beliefs where stones play a 

central role (Bonnemaison, 1994). 

The data on children’s explanations provide insight into the motivations 

underlying the groups children constructed. In the U.S. the most common explanation 

type was taxonomic while the most common explanation type in Vanuatu was ecological. 

Notably, Ni-Vanuatu children also provided many taxonomic, uniqueness, and 

morphological explanations, while U.S. children also provided many ecological and 

uniqueness explanations. Unlike Study 1, in which there was a distinct preference for 

ecological explanations in both communities, Study 2 revealed no clear preference in 

children’s explanations, highlighting the variability in children’s understanding the 

human-environment interaction.  

Study 2 also revealed similarities across cultures, providing convergent evidence 

for the conclusions of previous research on folk biological knowledge (Berlin et al., 

1973). Overall, children in both the U.S. and Vanuatu held similar conceptual categories 

for non-human biological kinds. Children in both Vanuatu and the U.S. reliably grouped 

quadrupedal mammals, apart from flying animals, apart from plants. Children’s 

understanding of the human environment interaction exhibits striking variation over the 

course of development, and is influenced by cultural, educational, and ecological 

experience.  
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CONCLUSION 

 The aim of the current studies was to examine variation in children’s reasoning 

about the ecological relationships between plants, animals, and humans in populations 

that differ based on relevant variables of interest. I conducted a cultural comparison 

between two populations of children who differ in their amount of direct experience with 

the natural world and formal education. The data support the proposal that reasoning 

about the natural world is early developing and responsive to cultural, educational, and 

ecological input.  

 When reasoning about the relations between plants and non-human animals, 

children in both populations privileged ecological reasoning. This finding is notable 

given the substantial differences between these two communities in the way children 

spend their time and attain knowledge about the natural world. Children in Vanuatu 

attend school irregularly, the curricula is informal and often at the discretion of the 

instructor, and a large portion of their time is spent outdoors engaging in subsistence 

agricultural and foraging activities. In the U.S., children spend the majority of their time 

in a highly standardized school environment, or indoors working on homework or 

engaged with technology.  

The prevalence in the use of ecological reasoning in both populations to 

understand non-human biological kinds suggests less dependence on particular cultural 

input pointing to an early developing, core domain of thought (ojalehto & Medin, 2015). 

Conversely, other ways of thinking about the natural world, such as utility, taxonomic, 

morphological, and physiological, showed wider variation across cultures. For instance, 

utility explanations were given very infrequently in the U.S. possibly due to limited 

knowledge of how humans use natural kinds. In contrast, taxonomic explanations were 

given very infrequently in Vanuatu, possibly because knowledge of taxonomic 
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relationships may be more reliant of particular educational input and less relevant to 

navigating the local ecology than ecological relationships. Study 2 provided convergent 

evidence to Study 1: U.S. children were more likely to sort humans and animals together 

with age whereas Ni-Vanuatu children were less likely to group human and animal 

together with age. Children in the U.S. were also more likely to generate taxonomic 

explanations for their groupings than Ni-Vanuatu children, providing further evidence 

that taxonomic reasoning is reliant on specific educational input. 

What do these results mean for understanding folk ecology from an evolutionary 

perspective? Why do children with substantially different cultural and environmental 

input favor ecological explanations when reasoning about the connection between two 

non-human biological kinds? Two theories provide complementary cultural evolutionary 

explanations for the prevalence of ecological reasoning in the populations I studied 

(Berkes & Turner, 2006). The first theory is that ecological reasoning only emerges as a 

result of learning that resources are limited (Holt, 2005). After an event of resource 

scarcity, societies develop rules and taboos, such as closed fishing areas or bans on 

harvesting immature individuals to prevent future resource depletion (Johannes, 2002). 

This could explain the prevalence of ecological reasoning in Vanuatu, an island 

population with firsthand knowledge of the limitations of natural resources. The second 

theory is that there is a slow accumulation of ecological knowledge across generations as 

a result of observation and experiences in nature and a corresponding development of 

beliefs, as well as cultural and educational institutions that help to promote conservation 

(Turner & Berkes, 2006). This could explain the emphasis on ecological reasoning in 

biological science curriculum in schools in the U.S.  

What is the function of an intuitive folk ecological theory? One possibility is that 

humans have evolved a specialized learning mechanism that prioritizes the learning of 
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correlational structures between biological kinds. A mechanism of this kind might cause 

people to pay particular attention to the correlation between seasons and fruit ripening or 

animal migration. In a complex and dynamic environment, an intuitive theory that 

prioritizes rapid learning of relations between biological kinds (i.e., fruit bats eat 

breadfruit) would allow humans to more accurately predict the location of natural 

resources, and thus may confer a fitness advantage to individuals. Future research could 

examine whether learning about correlations between natural kinds occurs more quickly 

than learning about correlations between other, non-natural kinds. Learning correlations 

between natural kinds more quickly might suggest a specialized learning mechanism that 

prioritizes ecological relationships. Another possibility is that humans have innate 

knowledge about ecological relationships. Previous research has shown that young 

children and adults exhibit increased attention to snakes and spiders (DeLoache & 

LoBue, 2009; New & German, 2015; Rakison & Derringer, 2008), preferentially 

associate them with fear stimuli (Hoehl & Pauen, 2017), exhibit prepared learning of 

danger information about animals (Barrett & Broesch, 2012) and show behavioral 

avoidance of potentially noxious plants (Wertz & Wynn, 2014). Furthermore, there is 

neurobiological evidence in monkeys for the rapid detection of snakes (Van Le et al., 

2013). Additional data are needed to examine whether folk ecological reasoning is 

supported by specialized learning mechanisms or innate ecological knowledge. 

The results from these studies provide new insight into how variation in cultural 

beliefs, experience in the natural world, and experience with formal education may shape 

the development of folk ecological reasoning. Data that can speak to the impact of these 

environmental inputs on children’s beliefs about the environment, resource consumption, 

and conservation is critical as our species faces mounting environmental problems. 

Examining how diverse populations reason about ecology reveals flexibility in the 
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development of folk ecological knowledge. Flexibility in reasoning about the natural 

world presents an opportunity for educational strategies to improve our ecological 

knowledge and environmental decision-making. 
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Chapter 4: The Cultural Evolution of Conservation Beliefs: 

Evidence for Variation in the Folk Psychology of Sustainability 

Over the last century, the global population has nearly quadrupled, from 2 to 7.6 

billion people. As the human population has increased, so too has the demand for natural 

resources. This rising demand for limited natural resources requires conservation, not 

only to preserve the environment, but also for the well being of human society. Resource 

scarcity is linked to societal unrest, increased poverty, large-scale migrations, and 

violence (Homer-Dixon, 2001). According to the Pew Research Center, 74% of 

Americans agree that the country should “do whatever it takes to protect the 

environment” (Anderson, 2017) and 65% are in favor of expanding renewable energy 

resources such as wind and solar instead of expanding oil and natural gas production 

(Kennedy, 2017). Furthermore, a 47-nation survey found that environmental concern 

increased between 2002-2007 (Pew Research Center, 2007).  

Despite these pro-environmental statistics, there remains substantial opposition to 

conservation efforts in the U.S. For instance, recent estimates suggest that 34% of 

Americans do not believe that climate change is caused by human activity and 52% 

believe that climate change will have little to no effect on them personally (Howe, 

Mildenberger, Marlon, & Leiserowitz, 2015). This presents a problem for conservation 

efforts, which require collective group action to solve (Waring et al., 2016). In many 

situations that warrant conservation, the best outcome for any one individual is in conflict 

with the best outcome for society as a whole (Brooks, Waring, Mulder, Richerson, 2018). 

For example, taking public transportation conserves resources for the group long term 

and reduces carbon emissions, but driving a personal vehicle benefits the individual in the 

short term. As a result, individuals often make decisions to the detriment of 
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environmental conservation (Johnson & Levin, 2009; Levin, 1999). This conflict between 

the short-term individual benefit and the long-term group benefit can be resolved through 

cooperative solutions, which emerge and spread through cultural evolution (Kline et al., 

2018).  

Cultural evolution is the process through which skills, techniques, practices, and 

ideas accumulate over generations as a result of a species’ ability to learn efficiently from 

others (Boyd & Richerson, 1985; Henrich, 2016; Legare, 2017). Through cultural 

evolution, human populations can accumulate knowledge of ecology by trial and error, 

experimentation, and social transmission. Ecological knowledge is the understanding that 

organisms and the abiotic environment are connected in a complex system which can be 

disrupted through overuse. This leads to the emergence of rules, taboos, and cultural 

institutions, which function to conserve resources (Johannes, 2002; Turner & Berkes, 

2006). This accumulation of ecological knowledge, known as local ecological knowledge 

(LEK) or traditional ecological knowledge (TEK) (García-Quijano, 2007; Gómez-

Baggethun, Corbera, & Reyes-García, 2013; Menzies & Butler, 2006; Mistry & Berardi, 

2016), is built up over time. LEK is the body of knowledge, practices, and beliefs, which 

emerge through adaptive processes and are transmitted by cultural learning (Berkes, 

Colding, Folke, 2000).   

Local knowledge about ecology and a Western scientific understanding of 

ecology can operate as mutualistic ways of knowing about the environment (Reo, 2011). 

For example, pastoralists on the high-altitude Tibetan Plateau reported delayed onset of 

summer, higher snowlines, and changes in the livestock milking season and long-term 

animal numbers (Klein, Hopping, Yeh, Nyima, Boone, & Galvin, 2014). These factors 

point toward a regional warming trend, a finding that had been under debate using data 

generated by Western scientific methods. Furthermore, due to their close proximity to the 
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land and resources, local resource users are better able to detect slight changes in the 

local ecology (Berkes et al., 2000). Indigenous populations, as well as individuals with 

extensive firsthand experience in an ecosystem, reason about the natural world through 

the ecological relationships that exist between organisms (Busch et al., 2018; Medin et 

al., 2006; Shafto & Coley, 2003; Unsworth et al., 2012). This knowledge of the 

interdependence between species may be important to understanding the importance of 

conservation. 

CURRENT STUDY 

The objective of this study was to examine variation in patterns of reasoning 

about resource conservation in two populations — Tanna, Vanuatu and Austin, Texas, 

U.S.A.— that vary in their ecology, mode of subsistence, and epistemological orientation 

(i.e., beliefs about the nature and acquisition of knowledge (McGinnis, 2016)). Tanna is a 

small and remote island with a population of inhabitants who live predominantly 

subsistence agricultural lifestyles. Formal schooling in Tanna is unstructured and student 

attendance is irregular. The majority of people in Tanna are Christian. Despite the recent 

introduction of formal schooling and Christianity, most Tannese still maintain many 

aspects of kastom, or custom ways of life. Austin, Texas is an urban industrialized city 

and is representative of many WEIRD (Western Educated Industrialized Rich and 

Democratic) populations (Henrich, Heine, & Norenzayan, 2010). The population of 

Austin is highly educated and predominantly Christian.  

My research objectives were threefold. First I examined justifications for 

engaging in conservation between populations. I asked participants to endorse or reject 

three different types of justifications for engaging in conservation: sustainability, 

morality, or religious. I also asked participants to indicate whether it was permissible not 
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to conserve. These justification types were based on previous research, which suggests 

that nature can be valued for different reasons (Pearson, 2016). The first reason is for 

utilitarian value. Humans derive benefits and resources from nature and thus, nature 

should be conserved to ensure that those resources remain available into the future. This 

type of reasoning is represented by what I refer to as sustainability justifications. The 

second reason Pearson (2016) proposes is intrinsic; nature is perceived to have intrinsic 

value apart from human need and therefore it should be conserved as a moral imperative. 

This type of reasoning is represented by what I refer to as moral justifications. Finally, 

past research indicates that supernatural beliefs, which support conservation, are common 

in many societies around the world (Aniah et al., 2014; Colding & Folke 2001; Rim-

Rukeh et al., 2013). I included a third justification to represent this type of reasoning 

about conservation, which I refer to as religious justifications. I was particularly 

interested in cultural variation in the use of religious justifications because of past 

research which suggests a dichotomy between WEIRD and non-WERID populations in 

religious belief supporting conservation (Colding & Folke, 2001; Peterson & Liu, 2008).   

Religious beliefs may act as a functional mechanism to promote conservation, 

particularly in environments where the limits on natural resources are obvious, such as 

small islands like Tanna. Tanna is about two hundred square miles in area and due to its 

small geographic footprint, any changes in the local ecology are easily observable to the 

local inhabitants. Supernatural beliefs such as forbidden areas and tabooed species have 

been shown to function as resource management tools (Aniah et al., 2014; Rim-Rukeh et 

al., 2013; Singh, Youssouf, Malik, & Bussmann, 2017). Taboos of this kind are common 

and in many non-Western communities they play the same role that conservation groups 

play in Western communities (Colding & Folke, 2001). The functional mechanism of 

these supernatural beliefs even extends beyond resource conservation, having been 
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shown to be functional in other domains, such as food taboos among breast-feeding 

women (Henrich & Henrich, 2010) and prosociality and cooperation within large 

unrelated groups (Norenzayan et al., 2016).  

The positive influence of religious belief on conservation in many non-Western 

populations contrasts with the apparently anthropocentric influence of religion in Western 

societies. Research with U.S. populations suggests that Judeo-Christian values can be 

anthropocentric and have been used to justify the exploitation of the natural world by 

humans (White, 1967). This may be due to a specific interpretation of the Bible as 

promoting human mastery over the environment (Eckberg & Blocker, 1996). Research 

has also shown that individuals in the U.S. who are not affiliated with organized religion 

hold more environmentally oriented world-views than individuals who are affiliated with 

a Christian denomination (Peterson & Liu, 2008). These findings may be less about 

religious belief itself and more about a particular ecological context in which the need for 

the conservation of resources is less obvious. I predicted that religious justifications for 

conservation would be endorsed more frequently in Tanna, a small island where the need 

for conservation is salient, than in the U.S. where the need for conservation is 

inconspicuous.  

I was also interested in the extent to which people use multiple justifications, both 

religious and non-religious, to support conservation. People across highly diverse 

populations frequently endorse both natural and supernatural or religious explanations for 

the same event (Busch et al., 2017; Legare et al., 2012; Legare & Gelman, 2008; Legare 

& Visala, 2011; Watson-Jones et al., 2015; Watson-Jones et al., 2017). Thus, I examined 

whether individuals would endorse both religious and non-religious justifications for 

conservation and whether there was cultural variation in the use of multiple justifications. 
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Next I examined how beliefs about conservation change across the lifespan. In 

Tanna, children and adults engage in extensive direct interaction with the natural world. 

In most rural communities outside of Vanuatu’s two main cities, Port Vila and 

Luganville, people live primarily from subsistence agriculture (Cox et al., 2007). Tanna 

operates on a semi-cash economy where the majority of resources are raised or harvested 

and not purchased at shops (Peck & Gregory, 2005). The importation of industrial 

resources is minimal—only 18% of imports in Vanuatu are foodstuffs, most of which are 

sent to cities on other islands (Hausmann et al., 2011; Simoes & Hidalgo, 2011). With 

little access to industrial commodities, children on Tanna learn about harvesting local 

resources from an early age. Tannese children participate in planting, caring for, and 

harvesting crops, as well as raising several types of domesticated animals (pigs, cows, 

chickens, dogs) and much of their time is spent outdoors. As a result of this subsistence 

lifestyle, the inhabitants of Tanna learn about resource use through first-hand experience 

across the lifespan. I predicted that Tannese participants would show higher levels of 

endorsement for conservation as they got older and attained more experience with 

resource use. 

In the U.S., much of what children and adults know about the environment is 

learned through formal education. The majority of children in the U.S. sample attended 

Austin Independent School District (AISD). AISD is engaged in a number of initiatives 

to increase students’ knowledge through an environmental stewardship advisory 

committee.  This committee provides input on curricula surrounding renewable energy, 

water and air quality, waste minimization and recycling, and gardening and sustainable 

agriculture. As a result of generational differences in learning about conservation in 

school, and having very little firsthand experience with the limits of natural resources, I 
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predicted that participants in the U.S. would show lower levels of endorsement of 

conservation as they got older.  

Finally, I examined variation in how people reason about the conservation of 

different types of resources between populations. The goal of conservation is to sustain 

an entire ecosystem (i.e., animals, plants, and abiotic components such as, soil, water, and 

air). Thus I presented participants with eight vignettes to examine beliefs about the 

conservation of animals and land. Whereas there has been substantial research on the 

conservation of animal species, group norms designed to conserve land are less widely 

studied within the anthropological literature (Smith & Wishnie, 2000). Land conservation 

may be motivated by the need to maintain the productivity of the land for farming or as a 

habitat for game animals (Beckerman & Valentine, 1996; Chernela, 1989; Olofson, 

1995). Because direct reliance on the environment for subsistence is high in Tanna, I 

predicted that Tannese participants would endorse the conservation of both animal and 

land resources. 

In the urban U.S., agricultural activities and firsthand experience with natural 

resources are rare. Obtaining resources through a market economy may obscure the 

importance of land conservation. Furthermore, a study of ten major conservation 

organizations found that promotional materials intended to catalyze environmental action 

focused on large-bodied birds or mammals, for the most part ignoring invertebrates, fish, 

amphibians, reptiles, and plants (Clucas, McHugh, & Caro, 2008). Because much of the 

population of the U.S. is exposed to such a narrow sample of conservation priorities, I 

predicted that the U.S. sample would show a preference to conserve animals over land 

resources.  
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METHODS 

 Across field sites, 171 participants including children (n = 58), adolescents (n = 

53), and adults (n = 60) completed the study. 

Participants Austin, Texas, U.S.A .   

The urban U.S. sample was collected in Austin, Texas, a city of nearly 1 million 

people. Austin is one of the most highly educated metropolitan areas in the nation with 

39% of the population over 25-years-old holding a Bachelor’s degree. In total, 92 

individuals completed the study in the U.S. The U.S. sample consisted of thirty-two 

children, ages 7-12 (M = 8.81, SD = 1.55), twenty-six adolescents, ages 13-17 (M = 

14.62, SD = 1.27), and thirty-four adults, ages 18-68 (M = 27.70, SD = 16.84). Child data 

was collected on the campus of a large research university or in a quiet room at a local 

children’s museum. Adolescent and adult data was collected on the university campus.  

Participants Tanna, Vanuatu 

The Ni-Vanuatu sample for this study was collected on the island of Tanna, part 

of the Melanesian archipelago of Vanuatu. Vanuatu is relatively isolated and is both 

culturally and linguistically diverse. Vanuatu has the highest linguistic density per capita 

of any country in the world (Norton, 1993). The island of Tanna has 29,000 inhabitants. 

Christianity was introduced to Tanna only relatively recently. Much of the population 

was converted to Presbyterianism between 1910-1930. During World War II the John 

Frum Cargo Cult emerged. Part of the message of this cult was that people should leave 

the churches and return to their custom ways of life and in return, they would receive 

cargo (Gregory & Gregory, 2002). Thus, despite the influence of Presbyterianism on the 

island, many villages have maintained kastom (custom), or “ancestrally enjoined rules for 

life” (Keesing, 1982, p. 360). In a recent survey on national identity in Vanuatu, 

maintaining kastom, as well as being Christian were considered two of the most 



 72 

important aspects of what it means to be from Vanuatu (Clarke et al., 2013). Based on 

interviews conducted in Tanna, most Ni-Vanuatu adopt a literal interpretation of scripture 

(Watson-Jones et al., 2015).  

In total there were 79 Tannese participants. The Tannese sample consisted of 

twenty-six children, 7-11 years old (M = 8.92, SD = 1.09), twenty-seven adolescents, 14-

17 years old (M = 15.11, SD = .85), and twenty-six adults, 18-59 years old (M = 33.35, 

SD = 12.74). Child data was collected at a local primary school in the town of Lenakel, 

adolescent data was collected at the local secondary school in the town of Lenakel, and 

adult data was collected with community members around the town of Lenakel. A local 

research assistant conducted all interviews in the national language, Bislama. Participants 

in Vanuatu did not receive any direct compensation due to cultural norms surrounding 

gift giving.  

Materials 

To assess participants’ beliefs about conservation practices I designed eight 

vignettes, each describing a topic relevant to conservation. Half of the vignettes 

concerned land conservation and half concerned animal conservation. For the 

conservation of land vignettes, two scenarios described a situation in which an individual 

cuts down the native forest to bolster their economic gain by planting coffee or kava. The 

other two land conservation vignettes described violations of good agricultural practice 

by failing to rotate crops or walking on freshly planted seeds. For animal conservation, 

two vignettes described the overuse of native animal species, fish and fruit bats. The 

other two animal conservation vignettes describe scenarios in which the subject considers 

eating a juvenile animal (see Appendix for full vignettes).  

After each vignette I asked participants to endorse or reject three possible 

justifications for engaging in conservation. Sustainability justifications asked participants 
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whether they agreed that engaging in conservation was necessary to preserve the resource 

for people to consume in the future (i.e. “There will not be any bats for people to eat in 

the future.”). Moral justifications asked participants to agree or disagree with the 

statement that it is “wrong” not to engage in conservation (i.e. “It is wrong to neglect 

rotating the crops.”). Religious justifications asked participants to endorse or refute 

whether engaging in conservation was necessary to avoid angering God (i.e. “God would 

be angry if all the forest land was used for kava.”). Finally, because research shows that 

many people in the U.S. do not believe that environmental issues will impact them 

personally, it is possible that they believe conservation is unnecessary (Howe et al., 

2015). For this reason I asked participants if they believed it was permissible not to 

conserve (i.e. “It’s okay to eat the pig.”). Participants could endorse or reject as many or 

as few justifications as they liked. 

Procedure 

Each participant was interviewed individually. Participants were first presented 

with one of the eight vignettes. All participants except for U.S. adults had the vignettes 

read to them by the experimenter. U.S. adults read the vignettes silently to themselves 

using the online survey platform Qualtrics. After hearing or reading the vignettes, the 

participants were asked the four follow-up questions in a random order. Vignettes were 

presented in a randomized order to control for order effects. 

Coding 

For each type of justification (sustainability, moral, religious, permissible) 

participants were given a 1 if they endorsed the justification by replying “yes” or a 0 if 

they rejected the justification by replying “no.” The four different vignette types were 

coded into two broad domains, one for animal use, which included the vignettes 

describing the overconsumption of endemic animal species and the vignettes that 
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described the consumption of pregnant animals. The second broad domain was that of 

land use, which included the vignettes describing the destruction of the forest for 

agriculture and the vignettes describing violations of good agricultural practice. The data 

for this study is available at [www.cristinelegare.com]. 

RESULTS 

 I first present the results of general linear mixed-effects models examining 

differences in the rate of endorsement for each type of justification (sustainability, moral, 

religious, and permissible) for each domain (land use, animal use) by age within each 

country (U.S., Vanuatu) individually. Next I present the results of general linear mixed-

effects models examining differences in the rate of endorsement of each justification type 

between populations by domain and age. Finally, I present results for endorsement of 

multiple justifications types across populations, domain, and age. 

Within Country Analyses  

United States  

A general linear mixed-effects model was conducted on rates of endorsement for 

conservation for U.S. participants using age as a between-subjects predictor, and 

justification type (sustainability, moral, religious, and permissible) and domain (land use, 

animal use) as within-subjects predictors, subject was also included as a random effect. 

Controlling for age and domain, results show that participants in the U.S. were most 

likely to endorse sustainability justifications (M = .82, SD = .38). Sustainability 

justification were endorsed more frequently than moral justifications (M = .57, SD = .50) 

β = -1.36 (SE = .13), OR = .26 (95% CI = .20 – .33), p < .01, religious justifications (M = 

.26, SD = .44) β = -2.86 (SE = .14), OR = .06 (95% CI = .04 – .08), p < .01, and 
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permissibility statements (M = .21, SD = .41) β = -3.16 (SE = .14), OR = .04 (95% CI = 

.03 – .06), p < .01 (Figure 4).  

Next, I examined only justifications for engaging in conservation (sustainability, 

moral, religious), excluding the endorsement of permissibility statements. The data show 

that U.S. participants were more likely to endorse conservation within the animal domain 

(M = .60, SD = .49) than the land use domain (M = .50, SD = .50) β = -.70 (SE = .11), 

OR = .50 (95% CI = .40 – .62), p < .01. Results from the U.S. also reveal a significant 

interaction between age and justification type where endorsement of religious 

justifications decreased with age compared to sustainability justifications, β = -.27 (SE = 

.03), OR = .76 (95% CI = .71 – .81), p < .01. There was also a general, main effect of age 

where endorsement of conservation across all types of justifications decreased with age, 

β = -.04 (SE = .01), OR = .97 (95% CI = .95 – .98), p < .01. 

Examining only the endorsement of permissibility statements shows that 

endorsement was less common within the animal domain (M = .16, SD = .37) than the 

land use domain (M = .25, SD = .44) β = .65 (SE = .20), OR = 1.91 (95% CI = 1.29 – 

2.83), p < .01. There was no effect of age on endorsement of permissibility statements, β 

= .01 (SE = .01), OR = 1.01 (95% CI = .99 – 1.03), p = .42. 

Vanuatu 

 A general linear mixed-effects model was conducted on rates of endorsement for 

conservation for Tannese participants using age as a between-subjects predictor, and 

justification type (sustainability, moral, religious, and permissible) and domain (land use, 

animal use) as within-subjects predictors, subject was also included as a random effect. 

Controlling for age and domain, results show that participants in Vanuatu were most 

likely to endorse sustainability justifications. Sustainability justifications (M = .84, SD = 

.37) were endorsed more frequently than moral justifications (M = .74, SD = .44) β = -.60 
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(SE = .14), OR = .55 (95% CI = .41 – .73), p < .01, religious justifications (M = .70, SD 

= .46) β = -.81 (SE = .14), OR = .44 (95% CI = .33 – .58), p < .01, and permissibility 

statements (M = .35, SD = .48) β = -2.38 (SE = .14), OR = .09 (95% CI = .07 – .12), p < 

.01 (Figure 5).  

Next, I examined only justifications for conservation, excluding endorsement of 

permissibility statements. The data show that there was no difference in Tannese 

participants’ endorsement of conservation in the land use domain (M = .75, SD = .43) 

versus the animal domain (M = .77, SD = .42) β = -.13 (SE = .12), OR = .88 (95% CI = 

.70 – 1.10), p = .27. There was an interaction between age and justification type, where 

endorsement of sustainability justifications became more frequent with age whereas 

religious justifications did not, β = .04 (SE = .02), OR = 1.04 (95% CI = 1.01 – 1.07), p = 

.01. There was also a general, main effect of age, across all justification types participant 

were more likely to endorse conservation with age, β = .03 (SE = .01), OR = 1.03 (95% 

CI = 1.02 – 1.05), p < .01.  

Examining the endorsement of only permissibility statements shows that 

endorsement was less common within the animal domain (M = .31, SD = .46) than the 

land use domain (M = .40, SD = .49) β = .47 (SE = .18), OR = 1.60 (95% CI = 1.12 – 

2.27), p < .01. There was no effect of age on endorsement of permissibility statements, β 

= -.02 (SE = .01), OR = .98 (95% CI = .96 – 1.00), p = .10. 
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Figure 4: Rate of endorsement of justification types by age in the U.S. Grey shading 
represents 95% CI’s. 
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Figure 5: Rate of endorsement of justification types by age in Vanuatu. Grey 
shading represents 95% CI’s. 

Between Country Analyses 

 In the next set of analyses, I conducted general linear mixed-effect models to 

examine population differences in the rates of endorsement for each justification type. All 

models include age and country (U.S., Vanuatu) as between subjects predictors, and 

domain (land use, animal use) as the within subjects predictor, subject was included as a 

random effect. 

Sustainability Justifications 

For sustainability justifications, there was a significant interaction between 

country and age. Endorsement of sustainability justifications increased with age in 

Vanuatu, whereas endorsement decreased with age in the U.S., β = .07 (SE = .02), OR = 

1.07 (95% CI = 1.03 – 1.12), p < .01. There was also a significant interaction between 
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domain and country in the endorsement of sustainability justifications. Tannese 

participants endorsed more sustainability justifications for land use (M = .87, SD = .34) 

than animal use (M = .80, SD = .40), whereas U.S. participants endorsed more 

sustainability justifications for animal use (M = .83, SD = .37) than land use (M = .81, 

SD = .39), β = .72 (SE = .32), OR = 2.05 (95% CI = 1.09 – 3.86), p = .03. 

Moral Justifications 

Results show that for moral justifications, there was a significant interaction 

between country and age. Participants in Vanuatu were more likely to endorse moral 

justifications with age whereas, U.S. participants were less likely to endorse moral 

justifications as they got older, β = .05 (SE = .01), OR = 1.06 (95% CI = 1.03 – 1.09), p < 

.01. There was no significant interaction between country and domain so the interaction 

was removed from the model, β = .48 (SE = .26), OR = 1.62 (95% CI = .98 – 2.68), p = 

.06. The data show a main effect of domain across cultures; endorsement of moral 

justifications were less common within the land use domain (M = .57, SD = .50) than the 

animal domain (M = .73, SD = .44), β = -1.02 (SE = .17), OR = .36 (95% CI = .26 – .50), 

p < .01. 

Religious Justifications 

There was a significant interaction between country and age. Religious 

justifications decrease with age in the U.S. whereas they increase with age in Vanuatu, β 

= .39 (SE = .07), OR = 1.48 (95% CI = 1.29 – 1.70), p < .01. There was also a significant 

interaction between country and domain for religious justifications. This interaction is 

driven by a greater difference in endorsement of religious justifications between domains 

in the U.S. than Vanuatu. U.S. participants endorse more religious justifications for the 

animal use domain (M = .30, SD = .46) than the land use domain (M = .22, SD = .41). 

Similarly, Tannese participants endorse more religious justifications for animal use (M = 
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.72, SD = .45) than land use (M = .68, SD = .47), β = .77 (SE = .36), OR = 2.17 (95% CI 

= 1.07 – 4.39), p = .03. 

Permissibility Statements 

For endorsement of permissibility statements, the linear mixed-effects model was 

run with 10,000 iterations to correct for non-convergence. Results show that there was no 

significant interaction between country and age, β = -.03 (SE = .01), OR = .97 (95% CI = 

.95 – 1.00), p = .08. Nor was there a significant interaction between country and domain, 

β = -.16 (SE = .27), OR = .85 (95% CI = .50 – 1.43), p = .54. As a result, both interaction 

terms were excluded from the model. The data show a main effect of country, Tannese 

participants (M = .35, SD = .48) were more likely to endorse permissibility statements 

than U.S. participants (M = .21, SD = .41), β = .85 (SE = .19), OR = 2.33 (95% CI = 1.59 

– 3.41), p < .01. Across cultures there was a main effect of domain; endorsement of 

permissibility statements was more common for land use (M = .32, SD = .47) than for 

animal use (M = .23, SD = .42), β = .55 (SE = .13), OR = 1.73 (95% CI = 1.33 – 2.24), p 

< .01. There was no effect of age on endorsement of permissibility statements, β = -.004 

(SE = .01), OR = 1.00 (95% CI = .98 – 1.01), p = .59. 

Multiple Justification Endorsement 

I examined whether participants endorsed multiple types of justifications for 

conservation for each vignette. I conducted a regression on the number of justifications 

participants endorsed, from zero (rejecting all justifications) to three (endorsing 

sustainability, moral, and religious justifications), predicted by age, domain, and country. 

The results show that there was no effect of age on endorsing multiple justifications, χ2 = 

.44, (1, N = 170), p = .51. Endorsement of multiple justification types was predicted by 

domain, χ2 = 27.92, (1, N = 170), p < .01. Results show that participants were more likely 

to endorse multiple justifications for the conservation of animals (M = 2.04, SD = .38) 
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than the conservation of land (M = 1.84, SD = .37). Tannese participants’ endorsement of 

all three conservation justification types was high. The data show that Tannese 

participants (M = 2.28, SD = .37) were more likely than U.S. participants (M = 1.64, SD 

= .38) to endorse multiple justifications, χ2 = 52.10, (1, N = 170), p < .01. 

DISCUSSION 

The aim of this study was to examine variation in patterns of reasoning about 

resource conservation in two populations that vary in their ecology, mode of subsistence, 

and epistemological orientation. First, I examined the kinds of justifications that support 

the conservation of land and animal resources. I found a number of broad similarities 

between the two populations. Participants of all ages were most likely to endorse 

sustainability justifications for conservation. Furthermore, endorsement of moral 

justifications for conservation was high across populations and age groups and 

endorsement of the permissibility of not conserving resources was low. 

The data also reveal cultural variation in the type of justifications used to support 

conservation between populations. As predicted, religious justifications were more 

common in Vanuatu than in the U.S., despite both populations being predominantly 

Christian (Alper & Sandstrom, 2016; Gregory & Gregory, 2002; Watson-Jones et al., 

2015). This finding supports the proposal that cultural institutions can serve different 

functions in different contexts: whereas conservation beliefs seem to be unrelated to 

religious justifications in the U.S., religion in Vanuatu supports conservation. Previous 

research in the U.S. has suggested that religious belief, particularly Christianity, was 

associated with less environmental concern (Eckberg & Blocker, 1996; Peterson & Liu, 

2008; White, 1967). the data provides a more nuanced picture; in populations where 

environmental conservation is of more immediate concern, religion can function to 
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promote environmentally conscious thinking. This result is consistent with the proposal 

that religious beliefs are transmitted through social learning because they solve adaptive 

problems (Henrich & Henrich, 2007; Norenzayan & Gervais, 2012) and is exemplary of 

the way solutions to issues of resource depletion can become integrated into cultural rules 

and institutions (Johannes, 2002; Kline et al., 2018; Turner & Berkes, 2006; Waring et 

al., 2016). 

These results also show cultural variation in the pattern of conservation beliefs 

across the lifespan. As predicted, endorsement of conservation increased with age in 

Vanuatu and decreased with age in the U.S. for all three justification types (sustainability, 

moral, and religious). I propose that this pattern of beliefs about conservation may be the 

result of variation in how inhabitants of both communities learn about resources and the 

natural world. From a young age, residents on Tanna spend a large portion of their time 

engaged directly with the ecology of the island through farming, harvesting uncultivated 

resources, raising domesticated animals for consumption, or fishing and hunting small 

game. Children in Vanuatu attend school irregularly and the schooling environment is 

unstructured from a Western, formal schooling perspective. They are also expected to 

contribute resources to the family and accompany their parents in gathering food and 

slaughtering livestock. As a result of their reliance on the natural world, children learn 

about conservation through direct experience with resource use. The understanding that 

resources are limited and must be conserved is salient across the lifespan.   

In contrast to the pattern of conservation beliefs in Vanuatu, endorsement for the 

conservation of natural resources declined into adulthood in the U.S. This may be due to 

the fact that the limitations on natural resources are opaque to residents from an urban, 

industrialized environment. To many adults in the U.S., resources are conceived of as 

being unlimited and many people hold the belief that advances in science will generate 
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new resources before our current ones are depleted (Bartlett, 1978). As a result, much of 

what people in the U.S. know about resource conservation is from formal schooling. It is 

possible that due to cohort effects, many U.S. adults have received less education about 

environmental conservation than children do today. Another possibility is that as lessons 

about conservation from school fade, adults in the U.S. become less likely to endorse 

conservation than children. The city of Austin places an emphasis on conservation in 

their educational curriculum, which may explain why children in the U.S. endorse 

conservation at similar rates to children in Vanuatu who are engaged more closely in 

direct utilization of resources. In this respect, the children who make up the urban U.S. 

sample may be particularly knowledgeable about conservation. Sampling residents from 

other cities in the U.S., which place less emphasis on conservation education would 

potentially reveal greater discrepancy in the endorsement of conservation of resources 

between urban industrialized communities and subsistence communities.  

This study also reveals cultural variation in the way people reason about the 

conservation of different types of resources. U.S. participants show preference to 

conserve animals over land resources whereas Tannese participants endorse the 

conservation of both types of resources. This finding is consistent with previous research 

highlighting the focus on a select group of flagship animal species in conservation 

campaigns in the U.S. (Bakker et al., 2010; Clucas et al., 2008). In contrast, most 

Tannese have extensive firsthand experience with the use of land and animal resources. 

For this reason, changes in land use are of importance to all of the island’s inhabitants 

who rely on the land for subsistence. The finding that Tannese value conservation of both 

land and animal resources is consistent with past research, which suggests that 

individuals living more closely to the land are better able to detect changes in the local 

ecology (Berkes, et al., 2000).  
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The need for resource conservation is increasing as the global population 

continues to rise. This study provides some reason for optimism for the future, revealing 

that participants from both communities show broad support for the conservation of 

resources for reasons of sustainability and morality. Beliefs do not directly translate into 

action, however. Future research should examine the extent to which different cultural 

norms and institutions support engagement in conservation behavior. It also remains an 

open question which cultural institutions directly impact beliefs about conservation. 

Examining how conservation beliefs differ between communities that vary in firsthand 

experience with the natural world but are similar in their level of formal educational and 

epistemological beliefs could be informative for understanding how direct interaction 

with the environment, in particular, impacts conservation reasoning.  

These data support the proposal that conservation strategies emerge as a product 

of cultural evolution. I show that conservation beliefs in the U.S. and Vanuatu reflect the 

cultural and ecological environment from which they emerge. In Vanuatu, where 

limitations on resources are more salient, religious beliefs may function to support 

conservation. The Tannese are more likely to endorse multiple justifications for 

conservation and show broad support for the conservation of both land and animal 

resources. They are also more likely to support conservation in adulthood as they attain 

greater knowledge that natural resources are finite. In the U.S., the perception is often 

that resources are ostensibly unlimited. This may explain why conservation is less 

supported by religious beliefs, declines with age, and is less often associated with 

multiple justifications. These findings show that cultural evolution can function to 

provide multiple solutions to problems of resource depletion and suggest that 

conservation efforts need not be restricted to environmental science classes. Instead, an 
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ethos of conservation can be built into many cultural institutions, as long as the limitation 

of natural resources is salient. 
  



 86 

Chapter 5: Conclusion and Future Directions 

Folk biology is a core domain of human cognition, evidenced by similarities in 

biological reasoning across cultures. For example, all humans categorize plants and 

animals in similar ways based on their perceived underlying essence. Early developing 

features of folk biology provide further evidence for this domain. For example, young 

children learn quickly and respond appropriately to potentially dangerous biological 

kinds and children have an intuitive understanding of illness and death. Atran (1998) 

argues that these examples are suggestive of “habits of mind, which may in part be 

naturally selected to grasp relevant and recurrent habits of the world” (p. 547). There are 

several other subdomains of biological reasoning that remain underexplored however. 

Illness, death, origins, ecology, and conservation are all relevant to biological reasoning 

but have not yet been systematically examined outside of WEIRD societies. To attain a 

comprehensive understanding of biological reasoning, it is necessary to examine these 

subdomains with populations outside of those typically sampled (Diesendruck, 2001; 

Nielsen, Haun, Kärtner, & Legare, 2017). 

The studies presented in this dissertation aim to fill this gap in the literature by 

examining consistency and variation in these subdomains of folk biology across cultures 

and development. The study presented in Chapter 2 shows that when reasoning about 

illness, adolescents and adults strongly favor biological explanations. Children showed 

high levels of coexistence reasoning about illness. Children’s willingness to endorse 

biological explanations aligns with previous work showing that from a young age, 

children have an intuitive theory about germs or invisible agents causing sickness. In the 

domain of death explanatory coexistence was common across all ages. Children were 

likely to endorse biological explanations for death, particularly in response to a 
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naturalistic prime. This finding provides further support for research, which shows that 4-

5-year-olds typically explain death by appealing to a cessation of biological function. 

When reasoning about origins, this study shows low levels of coexistence reasoning, with 

all age groups heavily favoring theistic explanations. This is in contrast to the U.S. where 

coexistence reasoning about human origins is common. This finding suggests that in the 

subdomain of origins there may be no habit of mind, universal across cultures. Instead, 

children are likely to learn whatever explanation is most common within their cultural 

environment. 

The study presented in Chapter 2 is one of the first to examine reasoning about 

these topics with a lifespan sample, outside of a WEIRD society. Future research should 

expand on these findings with the use of open-ended response options. The present study 

utilized closed-ended response options, which only allowed participants to endorse or 

reject four types of explanations. This makes it difficult to identify exactly what the 

default explanation is for these topics. Children in Tanna may believe that a contagious 

agent can cause sickness, but they also seem to agree that supernatural forces can cause 

illness. Conducting additional cross-cultural research on these topics would prove useful 

in identifying universal habits of mind for reasoning about illness and death. 

Chapter 3 examined variation in children’s reasoning about the ecological 

relationships between plants, animals, and humans in populations that differ in their 

ecology, mode of subsistence, and participation in formal education. These studies 

showed that children from these culturally distinct communities privilege reasoning about 

the relations between biological kinds from an ecological perspective. This finding 

suggests that folk ecological reasoning may be a universal habit of mind, which is 

minimally dependent on particular cultural or environmental input. Other ways of 

thinking about the biological world, however, are more culturally specific. Children in 
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the U.S. are more likely to appeal to taxonomic relationships and children in Tanna are 

more likely to refer to the utility of biological organisms. This suggests that formal 

education may promote taxonomic reasoning while direct experience with nature may 

promote utility reasoning. The use of taxonomic reasoning in the U.S. seems to have 

implications for how humans are thought to relate to the rest of the biological world as 

well. In the U.S., children are more likely to categorize a human as an animal than in 

Tanna.  

  Future research on ecological reasoning should examine whether humans have a 

specialized learning mechanism to understand ecological relationships or whether they 

have some intuitive knowledge of ecology. It is possible that humans are prepared to 

quickly learn correlations between biological kinds through observation, but it is also 

possible that from a young age children have some intuitive understanding of ecology. 

Future research could test these possibilities by examining how the rate of learning about 

ecological relationships compares to the rate of learning for non-ecological relationships. 

 Another interesting finding from the studies in Chapter 3 is that children in the 

U.S. are more likely to categorize humans and animals together than children in Tanna. 

This finding seems to be in conflict with previous research, which shows that children in 

the urban U.S. are more likely to have anthropocentric views on induction tasks than 

children from rural environments. Why, in the present studies, do urban U.S. children 

appear less anthropocentric by grouping human and animals together, but in previous 

research using induction tasks they appear to be more anthropocentric? Perhaps, for 

children from the urban U.S., learning about taxonomy provides the realization that 

humans are animals and suggests to them that humans and animals should be categorized 

together. A downstream effect of learning that humans are animals may be the human-

centric asymmetries observed on induction tasks. Children reason that if humans are 
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animals, then they represent a well-known entity from the animal category from which to 

generalize. Future research might shed light on the fascinating issue of how children 

conceptualize humans by examining this question with children from fundamentalist 

religious backgrounds that reject evolutionary ideas about humans being animals. It 

might be that children from urban, but deeply religious backgrounds would respond more 

similarly to rural children, being less likely to show anthropocentric biases on induction 

tasks. For children from religious homes, humans might not represent a well-known 

exemplar of the animal category whose properties can be generalized. Instead, humans 

are perceived to be unique.  

Finally, Chapter 4 examined beliefs about conservation of natural resources in the 

U.S. and Tanna. People in these communities were most likely to endorse sustainability 

justifications for conservation and were also highly likely to endorse moral justifications 

for conservation as well. In both communities it was unlikely for people to believe that 

failure to conserve was permissible. However, supernatural justifications for conservation 

were common in Tanna, but nearly non-existent in the U.S., particularly after 

adolescents. Endorsement of conservation increased with age in Tanna, whereas it 

decreased with age in the U.S. People in Tanna were also more likely to support the 

conservation of land and animal resources than those in the U.S. who were biased to 

conserve animal resources over land resources. Despite the cross-cultural similarities, the 

data suggest that reasoning about the subdomain of resource conservation is culturally 

evolved rather than a universal habit of mind. The driving force behind conservation 

beliefs seems to be the salience of the necessity for conservation.  

The finding in Chapter 4, that endorsement of conservation seems to decline into 

adulthood in the U.S., presents an interesting area for future research. It is possible that 

this finding is the result of a cohort effect where adults in the U.S. did not receive 
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adequate conservation education in school. Alternatively, it is possible that endorsement 

of conservation truly declines with age. Future research could examine this question by 

collecting additional data on whether adults in the U.S. received any education on 

conservation in school. Similar to the study presented in Chapter 2, the study in Chapter 4 

also used closed-ended response options. Future research could examine beliefs about 

conservation using open-ended response options to provide insight into people’s default 

beliefs about why conservation is necessary. Finally it would be interesting to examine 

how strategies for conservation of resources emerge on a small-scale. For example, a 

classroom context could provide an interesting setting to examine how children’s beliefs 

about conservation develop because classrooms often have community resources that are 

limited, shared by all students, and must be conserved to last the entire school year. How 

do children reason about limited resources like these and justify their conservation? It 

could be that children’s justifications for conservation all appeal to authority (the 

teacher), but it is also possible that other justifications for conservation emerge as well, 

which would provide interesting insight into how groups develop strategies to avoid 

resource depletion.  

The findings of this dissertation support the proposal that certain subdomains of 

folk biology are privileged, regardless of environmental input, whereas others exhibit 

greater variation. Those subdomains that were of concern for survival throughout human 

history, such as illness, death, and ecology, show greater consistency across diverse 

cultural contexts pointing to universal habits of mind. Subdomains, such as human 

origins and resource conservation do not seem to show the same level of consistency 

across cultures and suggest that knowledge about these topics is culturally learned. 

Together, the studies presented in this dissertation advance what is known about the 

development of folk biological reasoning. 
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