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Abstract  

 

The following thesis presents the results of a mixed-design study (quasi-experimental and true 

experimental) testing an integrated model of human risk-taking behavior, defined statistically as 

a preference for variance in outcomes. The research presented examines the relationships among 

early-life environmental conditions (i.e., harshness and unpredictability), life-history strategy, 

and risk-taking behavior for primary resources under various “resource-budget” conditions 

consisting of deprivation and non-deprivation in two areas: (1) Social-inclusion and (2) caloric 

“Energy-budget.” Two hundred and forty seven (N=247) university students participated in the 

research. In session one, participants completed multiple questionnaires assessing levels of 

environmental harshness and unpredictability experienced during development and individual 

life-history strategy. In session two, participants were pseudo-randomly assigned to experience 

laboratory induced deprivation or non-deprivation in one of two possible areas: Social-inclusion 

or caloric “Energy-budget.” Following the experimental manipulations, participants played two 

different behavioral risk-taking tasks: (1) The Wheel Spin Risk Task which required participants 

to select between a low variance “safe” wheel and a high variance “risky” wheel in an attempt to 

earn either points or food rewards  (depending upon study condition). (2) The Operant Risk 

Taking Task which required participants to select between a low variance “safe” keyboard key 

which produced constant rewards and a high variance “risky” keyboard key which produced 

variable rewards (points or food, depending upon study condition). The results of the 

multivariate analyses supported main effects only (no moderation) between the characteristics of 

the early-life environment, life-history strategy, and the experimental manipulations on risk-

taking behavior. Specifically, early-life harshness was significantly associated with a faster life-

history strategy in participants. Participants with a faster life-history strategy were significantly 

more likely to select the risky spin wheel on the Wheel Spin Risk Task than were slower life-

history strategy participants who were more likely to select the safe spin wheel. Furthermore, 

participants who experienced the deprivation experimental manipulations behaved more risky on 

the Operant Risk-Taking Task (for reward amount) than did participants exposed to the non-

deprivation manipulations in the study. Interestingly, this effect was domain-general in that 

deprivation in either Social-inclusion or Energy-budget was associated with risk taking for both 

social points and for food rewards. The results of this study suggest that life-history strategy is 

predictive of instrumental risk-taking behavior for reward amount and that deprivation in 

adaptive areas like Social-inclusion and Energy-budget enhances risk-taking behavior for 

primary rewards in a domain-general manner as opposed to a domain-specific manner.  
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1.0. Introduction  

 

The following thesis presents the results of a research program that began in the fall of 

2014 and was completed in the spring of 2016. The purpose of the research is to test an 

integrated model of human risk-taking behavior for different adaptive resources under various 

“resource-budget” conditions consisting of deprivation or non-deprivation. The proposed model 

incorporates theory from various disciplines including evolutionary biology, evolutionary and 

developmental psychology, and learning theory to make predictions about human risk-taking 

behavior for adaptive rewards. The following introduction begins with an overview of the 

research study aims and goals. Following this, I systematically summarize the relevant theory 

and past research which sets the stage for the specific predictions of my study which are found at 

the end of the introduction. Following this, the specific research methods that were used in an 

attempt to disconfirm the proposed model and predictions will be described before moving to the 

results that were obtained. Finally, the paper will commence with a discussion of the results, 

including the strengths and weaknesses of the study, as well as suggestions for future directions 

in this line of inquiry.   

 

2.0. General Overview of the Research  

 

Research from evolutionary biology and psychology shows that humans who are exposed 

early-life environments characterized as harsh (i.e., resource-scarce and dangerous) and 

unpredictable (i.e., in flux) tend to show a profile of physical development and functioning (Ellis 

et al., 2009). For example, individuals exposed to harsh and/or unpredictable environments early 

in life show more rapid growth, an earlier onset of puberty and maturation, lower age at first 

sexual intercourse, and tend to produce a higher numbers of offspring with lower amounts of 

investment in those offspring than do individuals coming from less harsh and more predictable 

environments. Conversely individuals from less harsh and more predictable environments tend to 

show the opposite profile which includes slower rates of growth, later onset of puberty and 

maturation, a higher age at first sexual intercourse, and tend to produce fewer offspring but 

invest highly in those offspring (Belksy, Houts, & Fearon, 2010; Brumbach, Figueredo, & Ellis, 

2009; Figueredo et al., 2006; Ellis, 2004). 

Furthermore, it appears that the degree of environmental harshness and the degree of 

environmental unpredictability experienced during development cultivates distinct constellations 

of psychological traits and dispositions. Developmental environments characterized by high 

levels of harshness and a heightened sense of unpredictability are linked with the development of 

a “short-term” cognitive and behavioral orientation such as increased impulsivity, short-term 

mating behaviors, casual relationships with low levels of attachment and commitment, lower 

levels of family attachment, and a preference for smaller but immediate gains over larger long-

term gains that may never materialize (Figueredo, et al., 2006; Wenner, Bianchi, Figueredo, 

Rushton, & Jacobs, 2013). In contrast, individuals from less harsh and predictable environments 

tend to show opposite profile of traits – high levels of self-control and inhibition, more long-term 

mating behaviors and committed relationships, higher levels of partner and family attachment, 

and tendencies to forgo smaller immediate gains for larger long term gains that they can reliably 

count on to occur (Figueredo, et al., 2006; Wenner, et al., 2013). Taken together, an impressive 
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body of research has documented the powerful role that the early-environment exerts in terms of 

regulating and directing both physical and psychological development and functioning.  

Life History (LH) Theory which originates from evolutionary biology (Hamilton, 1966; 

MacArthur & Wilson, 1967; Wilson & Willis, 1975) has been used as a productive heuristic that 

captures the constellation of physical and mental attributes among different species that inhabit 

environments characterized by varying levels of harshness and unpredictability. Specifically, LH 

theory predicts that individuals living in harsh and unpredictable environment tend to evolve a 

“faster” LH strategy (i.e., are short-term oriented and prefer quantity over quality) characterized 

by rapid growth, high reproductive output with low parental investment, higher levels 

impulsivity, a preference for immediate short-term rewards over long-term rewards, and higher 

levels of risk-taking behavior. In contrast, individuals from less harsh and more predictable 

environments tend to evolve a “slower” LH strategy (i.e., are long-term oriented and prefer 

quality over quantity) such as delayed growth, low reproductive output with high parental 

investment, more cooperative relationships, increased delay of gratification, a preference for 

more long-term rewards over short-term rewards, and more risk-averse behavior (see Olderbak 

& Figueredo, 2009; 2010; Figueredo, Gladden, & Hohman, 2010; Figueredo & Jacobs, 2010; 

Griskevicius, Ackerman, Canti, Delton, Robertson, Simpson,, & Tybur 2013; Griskevicius, 

Delton, Robertson, & Tybur, 2011a/b; Ellis 2004; Brezina, Tekin, & Topalli, 2009).  A more 

detailed description of LH theory and the predictions originating from the theory are to be found 

below as the present thesis is informed by the logic and predictions that stem from LH Theory.  

Important to the research presented in this thesis is the more specific finding that  

individuals from more harsh and unpredictable early-life environments self-report greater risk-

taking — i.e., a preference for variable versus certain outcomes—compared with individuals 

from less harsh and more predictable environments (Hill, Ross, & Low, 1997; Griskevicius et al., 

2013, 2011a/b). In environments characterized as harsh and unpredictable, it appears beneficial 

to forgo uncertain large long-term rewards that may never materialize in favor of certain but 

smaller short-term rewards. Conversely, in environments characterized as less harsh and 

predictable it is likely beneficial to forgo certain short-term rewards in favor of larger long-term 

rewards which can be reliably expected to occur (Daly & Wilson, 2005; Sung, Simpson, 

Griskevicius, Kuo, Schlomer, & Belsky, 2016; Belsky, Schlomer, & Ellis, 2012).  

Although extant research has enhanced our knowledge about how developmental 

environments can influence risk-taking, this research is limited in various ways. First, much of 

the existing research assumes a socially undesirable definition of risk-taking that views all risk-

taking as maladaptive, harmful, and illogical on the part of the organism (e.g., consumption of 

alcohol, drugs, driving fast, gambling, sexual risk-taking, etc.). It is critical to note that this thesis 

defines risk-taking as the preference for variance in outcomes. In this view, an individual is 

considered risk-taking if s/he prefers the more variable “risky” response options over the more 

invariant “safe” options, even though both produce the same overall mean gain. In short, the 

present thesis uses a purely statistical definition of risk-taking.  

Second, almost all of risk-taking research relies on questionnaire-based self-reported risk-

taking. Little is known about how individuals actually behave in their daily lives (i.e., if the 

individual’s instrumental behavior is actually risky). An extension of the self-report limitation is 

that the majority of studies investigating risk-taking examine risky-decision making via a 

decisions from description method. In such studies, participants are explicitly instructed about 
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the details of a decision-making scenario (i.e. the relevant probabilities, the means, and the 

variance associated with each option) and then are asked to make a choice between or among the 

options. In nature however, many decisions, including the decision to engage in risky behavior, 

are made without complete parameter knowledge. In nature, many decisions are made through 

experience (i.e., sampling from the environment and learning about the patterns in that 

environment). The research presented in this thesis uses behavioral risk-taking tasks that provide 

minimal instructions to the participants so as to more fully capture ecologically-valid risk-taking 

behavior with limited knowledge about the parameters of the options available (for a discussion 

of the description versus experience issue in decision-making research see Hertwig, Barron, 

Weber, & Erev, 2004).  

Another limitation of past risk-taking research is that almost all of it has investigated risk-

taking using financial risk-taking and monetary outcomes as their point of departure. Although 

money and other financial incentives (i.e., gift cards, etc.) often provide an easy to use analogue 

to study risk-taking decision making and behavior in the laboratory, our knowledge of human 

risk-taking in more biologically-relevant domains is limited. Very little attention has been given 

to risk-taking behavior in primary adaptive domains in which humans have routinely taken risks 

throughout evolutionary history (e.g., food acquisition, social-status, finding and securing mates, 

and pathogen/disease avoidance). For example, research to date has shown that humans tend to 

be “risk-averse” for money (Tversky & Kahneman, 1991; 1984). However, are humans risk-

averse when searching for food, trying to climb social hierarchies, finding and securing mates, 

and avoiding disease? 

Furthermore, we know very little about how individual differences in the exposure to 

harsh and unpredictable early-life conditions influence the propensity to take risks in different 

adaptive domains. Does differential exposure to early-life harshness and unpredictability 

differentially impact risk-taking behaviors in primary adaptive domains? Surely the decision to 

engage in risk-taking behavior relies on the learning experiences of the individual in the 

environment. An individual will sample from the environment, learning the parameter 

regularities and patterns (or lack thereof) of the environment. For example, an animal searching 

for food in its local environment will learn which locations tend to have food consistently 

available, the presence of predators and danger in different parts of the environment, when it is 

safe to travel and when it is not safe to travel, the seasonal weather patterns and fluctuations, and 

so on. In sum, the degree of environmental harshness and unpredictability should impact the 

sampling and learning data that the individual obtains and subsequently the decisions and 

behavior that the individual engages in based on that knowledge.  

This thesis also addresses how current “resource-budgets” across different adaptive 

domains (i.e., food availability, Social-inclusion) impact risk-taking behavior for rewards (i.e., 

food, Social-inclusion). For example, do food-deprived individuals and partially satiated 

individuals behave differently when searching for food resources? Is risk-taking behavior more 

advantageous when resources are low or when resources are abundant and predictable? To 

provide another example, does being exposed to social rejection increase risk-taking for Social-

inclusion or does it facilitate risk-aversion? Theoretical and empirical contributions from the 

animal foraging literature and specifically work conducted on Risk Sensitivity Theory (RST; 

Caraco, Martindale, & Whittam, 1980; Stephens, 1981; McNamara & Houston, 1992) have 

provided some insight into such questions. This work, largely in non-human animal samples, has 
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demonstrated that an individual’s “resource-budget” (an aggregate of resources that it currently 

possesses) in particular adaptive domains (mostly food in the various studies) can influence the 

individual’s propensity to engage in risk-taking or to avoid risk-taking– selecting and behaving 

in line with more variable or more certain outcomes (Bateson & Kacelnik, 1998; Caraco, 

Martindale, & Whittam, 1980; McNamara & Houston, 1992). In sum, the current “resource- 

budget” of the individual may be an important component to consider when predicting risk-

taking or risk-aversion for different kinds of resources and rewards (e.g., food acquisition, 

Social-inclusion, mate acquisition finding and securing mates, etc.). The present research is 

informed by the logic and predictions made by RST.  

A final goal of this thesis is to investigate whether or not relations between “resource- 

budgets” (depleted or abundant) and risk-taking behavior are domain general in that depletion or 

abundance in any adaptive domain reliably enhances or reduces risk-taking across other adaptive 

domains or domain specific, in that depletion or abundance in one domain only affects risk-

taking or risk-averse behavior in said domain.  To date, very little empirical research exists that 

bears any weight on the answer to this question. A brief overview of the Brunswickian Lens 

Model from sensation & perception research, Figueredo’s Two-Parameter model, and some 

perspectives from Evolutionary Psychology will be relevant to this question and can be found in 

the theory section of the manuscript.  

To summarize, this thesis combines theoretical and empirical insights from Life History 

Theory from evolutionary biology and from Risk-Sensitivity Theory (RST) from behavioral 

ecology to make predictions about how humans, with varying histories of environmental 

exposure to harshness and unpredictability and LH strategies, behave on two risk-taking 

“foraging” tasks for primary adaptive resources under experimentally controlled “resource-

budget” conditions. This research investigates the relations among the degree of early-life 

harshness and unpredictability, LH strategy, current “resource-budgets” (i.e., in terms of Social-

inclusion and caloric energy-need) and risk-taking behavior on two different behavioral tasks 

(i.e. manifest as a preference for variable versus invariant reward outcomes) for the acquisition 

of resources in two adaptive areas: food acquisition and Social-inclusion. It is the aim of this 

research to shed light on the questions described above and to enhance our overall knowledge of 

human risk-taking behavior.  The thesis will now turn to a summary of the relevant theory that 

guides the study predictions and the hypothesized model, which can be found at the end of the 

introduction. A basic understanding of the following theories and relevant empirical tests is 

essential for understanding the fully proposed model and the logic behind the various study 

predictions.  
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3.0. Relevant Background and Theory 

 

3.1. Defining Risk-Taking 

 It is critical to begin the thesis with a clear definition of risk-taking as the term has been 

associated with various definitions in different areas of scholarship, some of which are quite 

distinct from one another. For a long time, most research in the social and behavioral sciences 

investigating risk-taking was based on a clinical perspective that defined risk-taking as 

dangerous and socially-undesirable behavior (e.g., driving a car really fast, gambling money in 

Las Vegas, promiscuous sexual behavior, etc.). Common to all of these behaviors is the core 

feature that each instance provides some potential for danger or harm while also providing an 

opportunity to obtain some type of reward. Risk-taking behavior clearly includes a wide-range of 

potential behaviors, but the key feature is that there is the potential for losses (e.g., danger, harm, 

reduction of current resources) and the potential for gains (Leigh, 1999).   

There currently exists no universal method for assessing risk-taking behavior but the 

overwhelming majority of studies have relied upon self-report measures of what has been 

referred to as  “sensation seeking,” “risk-taking propensity,” “venturesomeness,” “impulsivity,” 

and “self-regulation deficits.” As a result, these measures do not really measure risk-taking 

behavior so much as they measure self-reported propensity to engage in risky behaviors. 

Whether or not individuals behave in line with self-reports assessing risk-taking is a matter that 

remains to be adequately addressed but many areas of psychology have demonstrated the limited 

reliability and validity of self-report questionnaires in terms of predicting actual behavior 

(Nisbett & Wilson, 1977).   

The research presented in this thesis relies upon a purely statistical definition of risk-

taking behavior. In this thesis, risk-taking is defined as the selection of high-variance outcomes 

over low variance outcomes although both options produce the same average net gain. Put more 

simply, risk-taking is defined as the preference for more variable outcomes. Using this definition, 

the mean reward amount can be clearly estimated and manipulated as well as the variance 

associated with each option provided.  It is the purpose of this thesis to investigate how early-life 

conditions and various experimental manipulations influence participant selection of variable 

versus invariant reward outcomes on different laboratory tasks.   

3.2. Life History Theory  

The most basic biological problem that all organisms must solve involves how to 

partition and use a finite amount of energy and resources into different components of 

reproduction and survival. Life History (LH) Theory is a biological theory of individual 

differences that describes a variety of life cycles among different species with unique 

reproductive strategies (Hamilton, 1966; MacArthur & Wilson, 1967; Wilson & Willis, 1975). 

More recently, LH theory has been used to describe variation in developmental timing and 

appearance of traits within species, including humans (e.g., McNamara, 1997; Rushton, 2000). A 

LH strategy reflects the resource allocation and energy tradeoffs made across different 

components of biological fitness. LH strategy is considered to be on a spectrum, where the two 

main components of fitness, individual survival and growth (somatic effort) and reproduction 

(reproductive effort) anchor opposing ends of a single dimension. Reproductive effort is further 

broken down into its own dimension with a) mating effort (devoting resources towards obtaining 
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and keeping mating partners) anchoring one end and b) parental effort (devoting resources 

towards improving the survival of offspring) at the opposite end. In sum, an individual’s total LH 

strategy apportions that individual’s resources between the competing interests of individual 

survival and reproduction (Sheehan, 2002).  

LH theory predicts that individuals living in harsh and unpredictable environments (i.e., 

where mortality rates are high and resources are scarce) tend to evolve strategies such as high 

reproductive output and low parental investment (i.e., a faster LH strategy or “r” typical traits). 

In contrast, individuals living in more abundant and predictable environments (i.e., where 

mortality rates are low and resources are abundant) tend to evolve a slower LH  strategies 

including low reproductive output and high levels of parental investment and offspring care (i.e., 

a slower LH strategy or “K” typical traits; Pianka, 1970). Although fast LH strategists apportion 

more of their individual resources towards reproductive effort and short-term gains (i.e., 

quantity), slower LH strategists apportion more individual resources towards somatic effort, 

parental investment in offspring, and in more long-term gains (i.e., quality).  

Variation in individual LH strategies is a product of both genetic diversity and differing 

magnitudes of phenotypic plasticity in response to the environment. Two important  albeit 

distinct factors that direct an individual’s LH strategy are a) the degree to which the 

developmental environment is harsh and b) the degree to which the developmental environment 

is unpredictable (Ellis, Figueredo, Brumbach, & Schlomer, 2009). Environmental harshness is 

defined by the rates at which external events cause disability and/or death at each age in a 

population. Ellis and colleagues (2009) have used the term extrinsic-morbidity mortality to 

denote the external sources of disability and/or death that are present in an environment. 

Examples of extrinsic-morbidity mortality include low levels of food that may lead to starvation, 

the prevalence of pathogens that lead to fatality in a local environment, or the rates of homicide 

in an inner city. Environmental unpredictability refers to the rate at which the indicators of 

environmental harshness vary spatially and temporally. Environments can be predictably harsh 

where resources are always scarce and rates of extrinsic-morbidity mortality are consistently and 

predictably high. Environments can also be unpredictably harsh where scarcity of resources and 

extrinsic-morbidity mortality fluctuate. The degree to which the environment is both harsh and 

unpredictable direct and regulate the development and the manifestation of an individual’s LH 

strategy.  

A large body of theory and empirical research demonstrate that individuals from more 

harsh and unpredictable environments tend to show patterns of physical growth and development 

that differ from individuals from less harsh and more predictable environmental backgrounds 

(Pianka 1970; Wilson & Willis, 1975; Eisenberg, 1981; McNamara 1997; Rushton, 1995; 

Brumbach, Figueredo, & Ellis, 2009). Harsh and unpredictable environments give rise to fast 

rates of growth, early onset of puberty and maturation, low age at first intercourse, and many 

offspring. Individuals who have developed in less harsh and more predictable environments tend 

to show slow rates of growth, late onset of puberty and maturation, tend to have their first sexual 

encounter at a late age, produce fewer offspring, and provide high levels of parental investment 

for them (Pianka 1970; Geary 2005; Ellis, Figueredo, Brumbach, & Schlomer, 2009). . In sum, 

the early environmental conditions that one experiences play a fundamental role in calibrating 

and regulating one’s life history strategy (Del Giudice & Belsky, 2011).   
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Research also shows that the degree of environmental harshness and unpredictability 

experienced during development gives rise to different constellations or suites of psychological 

traits and dispositions (Brumbach, Figueredo, & Ellis, 2009). Harsh and unpredictable 

environments typically give rise to more of a “short-term” cognitive and behavioral orientation. 

Individuals exposed to such environments during development tend to demonstrate high levels of 

impulsivity, short-term mating behaviors, casual relationships with low levels of attachment and 

commitment, low levels of family attachment, and a preference for smaller but immediate gains 

over larger long-term gains that may never materialize (i.e., may never actually occur; see 

Olderbak & Figueredo, 2009; 2010; Figueredo, Gladden, & Hohman, 2010; Figueredo & Jacobs, 

2010; Griskevicius, et al., 2013; Griskevicius et al., 2011a/b; Ellis 2004; Brezina, Tekin, & 

Topalli, 2009). Less harsh and more predictable environments give rise to an opposite profile of 

traits. Individuals exposed to such environments during development tend to show high levels of 

self-control and inhibition, long-term mating behaviors and committed relationships, high levels 

of partner and family attachment, and are usually willing to forgo smaller immediate gains for 

larger long term gains that they can reliably count on to occur. Both the developmental and 

psychometric approach to assessing human life-history strategy provides the basis for this work. 

These approached has been quite productive in describing the different constellations and 

patterns of psychological traits and dispositions associated with faster and slower LH strategies. 

While the developmental approach to studying life history strategy focuses on the measurement 

of harsh versus unpredictable environmental exposures during development, the psychometric 

approach to studying life history strategy emphasizes the heritable component of LH (see Ellis et 

al, 2009; Figueredo, de Baca, & Woodley, 2013 for an overview of these different perspectives 

to studying life history strategy in humans). 

From an evolutionary and functional perspective, such physical and psychological 

profiles are adaptively sound given the environmental conditions that give rise to them. An 

individual living in a harsh and unstable environment stands to gain reproductive success by 

adopting a fast and short-term orientation in terms of physical growth and reproduction as well 

as in psychological traits like impulsivity and a preference for short-term relationships and short-

term rewards. In environments characterized by unstable conditions, it may pay to act “fast” and 

take what you can get now instead of waiting for long-term consequences that may or may not 

occur given the fluctuating nature of the environment. For example, individuals from harsh and 

unpredictable environments will reliably take $20 now instead of waiting until next week to 

receive $40 (Brezina, Tekin, & Topalli, 2009). Less harsh and predictable environments afford 

the luxury of adopting a slower and more long-term orientation in terms of physical growth and 

reproduction as well as in psychological traits like self-control and inhibition, a preference for 

long-term committed relationships and long-term rewards. In such environments, individuals 

typically forgo $20 today and prefer to wait for $40 next week (Brezina, Tekin, & Topalli, 2009). 

In environments characterized by less harsh and predictable conditions, one can afford to take it 

“slow” and forgo immediate gains for larger long-term benefits that occur reliably. Many 

biologists and psychologists who take a psychometric approach to the measurement of LH 

strategy measure these psychological indicators of cognition, personality, and behavior so as to 

obtain a measurement of LH strategy (Figueredo, de Baca, & Woodley, 2013).   

It is important to note that neither a fast nor a slow LH strategy is superior or more 

optimal than the other. The optimality of the strategy depends entirely upon the context in which 

the individual is situated. In other words, the superiority of one strategy over the other depends 
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upon how well it matches the conditions experienced by the individual and to what extent that 

strategy increases biological fitness. This perspective stands in contrast to the prevailing societal 

view where traits associated with slow LH strategies are typically considered “optimal” and 

“healthy” whereas traits associated with fast LH strategies are typically considered pathological. 

For example, many therapists today would classify the cognitive and behavioral styles associated 

with fast LH strategies as dysfunctional and problematic (e.g., short-sighted, impulsive, 

exploitative interpersonal styles, etc.). Instead, a functional evolutionary approach views such a 

profile of traits as adaptive in harsh and unpredictable environments where long-term outcomes 

are quite uncertain. In fact, research demonstrates that a short-term psychological orientation in 

harsh and unpredictable environments is often more adaptive than a long-term orientation (Daly 

& Wilson, 2005). In a similar vein, individuals growing up in harsh, dangerous, unpredictable 

environments (e.g., third-world country “slums”, inner cities) may develop a variety of cognitive 

and behavioral tendencies (e.g., aggression, vigilance, shifting attention, impulsivity) so as to 

successfully solve adaptive problems that are typical in such contexts.  

LH Theory provides an evolutionary and biological foundation upon which to form 

various predictions about exposures to varying environments and subsequent physical and 

mental functioning. From an evolutionary perspective, exposure to harsh and unpredictable 

environments and the physical and mental outcomes such environments support are not solely 

dysfunctional and pathological but serve an adaptive function in the sense that they direct and 

regulate an individual’s behavior and cognition so as to successfully reproduce and survive in 

light of the current environmental conditions. Such a view poses a radical reconceptualization of 

the relations among developmental exposures to harsh and unpredictable environments and 

resulting physical and psychological outcomes. Instead of assuming impaired physical and 

mental functioning, an evolutionary approach predicts that developmental exposures to harsh and 

unpredictable environments regulate and calibrate physical growth and psychological abilities in 

a way that enhances biological fitness in those settings.  

3.2.1. Relevant Research on LH Theory and Risk-Taking  

A body of empirical research has documented relations among LH strategy (and various 

LH strategy indicators), risky decision-making, and behavior. For instance, Hill, Ross, & Low 

(1997) examined the role of environmental unpredictability on human-risk-taking propensity. In 

a sample of community college students, both greater future unpredictability beliefs and lower 

lifespan estimates (both characteristics of a faster LH strategy) were significantly associated with 

increased rates of self-reported risk-taking including smoking, gambling, drinking, and sexual 

risk-taking. These findings remained statistically significant even after controlling for sex and 

temperament differences in the sample. This study was one of the earliest to investigate links 

between LH strategy indicators and risk-taking propensity. Additional research has shown that 

growing up in a father-absent home (an indicator of a harsh and unpredictable early-life 

environment) is associated with teen pregnancy, alcohol abuse, cigarette smoking, and 

committing violent acts (Ellis 2004; Figueredo et al., 2006). Although these behaviors assume a 

socially-undesirable view of risk-taking, it is important to note that they may offer the potential 

for both gains as well as losses in terms of biological fitness. 

Another more recent study examined the relation among a variety of LH relevant 

variables and risk-taking propensity as measured via a self-report inventory assessing risk across 

five different biologically-relevant domains (e.g., mating risk, between-competition risk, health 
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risk, etc., see Wang, Krueger, & Wilke 2009). The results showed that the LH strategy indicators 

predicted risk-taking propensity in a domain specific manner. For example, higher reproductive 

goal setting (e.g. desiring more offspring) significantly predicted self-reported risk-aversion most 

strongly in the domains of mating and reproduction. In contrast, participants with shorter life 

expectancy beliefs reported a greater willingness to take mating and reproductive risks, but not 

risk-taking in other adaptive domains. Parenthood was associated with increased risk-aversion 

both in between-group competition as well as within-group competition. Although this study 

relied on self-report, the results are consistent with the notion that LH relevant variables regulate 

risk-taking propensity and potentially, risk-taking behavior.  

A series of experiments by Griskevicius & colleagues (2011b) examined how the 

experience of various mortality cues was associated with risky financial decision making (e.g., 

$10 for sure vs. 50% chance of $20) and temporal discounting ($5 now versus $10 later). The 

results showed an interaction between the effect of the mortality cues and childhood 

socioeconomic status on both risky decision making and temporal discounting. Specifically, 

participants who were exposed to poverty during development (i.e. lower SES) made more risky 

financial decisions (e.g. opted for a 50% chance of $20 rather than $10 for sure) and preferred to 

obtain the immediate reward that was smaller over the more distal reward that was larger in 

amount (e.g., $5 now versus $10 later) when exposed to cues of mortality. In contrast, 

participants exposed to more wealthy conditions during development (i.e., higher SES) 

demonstrated heightened risk-aversion and temporal discounting in response to cues about 

impending mortality. The research team suggests that mortality cues serve to direct individuals 

toward different LH tactics and that this effect is dependent upon the availability of resources in 

the individual’s early-life environment.  

 More recently the same research team investigated how individuals with differential 

exposure to early-life harshness (as indicated again by SES) respond to cues of financial resource 

scarcity (Griskevicius et al., 2013). Across several experiments, participants from varying 

developmental backgrounds were presented cues of financial resource scarcity (via a series of 

different primes and manipulations) and then completed a series of impulsivity, risk-taking, and 

temptation tasks. Participants that grew up in poorer environments showed more impulsivity, 

more risk-taking, and were quicker to approach temptations on several financial tasks than were 

participants from wealthier environments who showed the opposite constellation of behavior--- 

less impulsivity, risk-aversion, and slower to approach temptations on financial tasks. 

Interestingly, the same effects held when substituting oxidative stress exposure (a validated 

biomarker of cumulative stress exposure over the lifespan) as the indicator of early-life harshness 

exposure (rather than childhood SES levels). This research casts additional support on the notion 

that early-life exposure to harshness influences the effect of current harshness exposure on 

cognition and behavior.  

 Overall, a substantial body of literature exists that suggests a connection among LH 

strategy, risky decision making, and behavior, especially under current conditions of stress and 

harshness. Furthermore, some of this research suggests an important interaction whereby 

exposure to early-life harshness sensitizes individuals to choose more risky options, especially in 

currently harsh conditions. In contrast, individuals exposed to less harsh early-life environments 

appear to behave cautiously, avoiding risks, and even more so under currently harsh conditions. 

This finding is critical in terms of driving the predictions that underlie the research presented in 
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this manuscript. A main prediction is the same two by two interaction effect whereby early-life 

harshness and unpredictability interact with current conditions of harshness to cultivate either 

risk-prone behavior or risk-averse behavior.  

We now turn to a brief overview of relevant foraging theory literature. This is essential 

because the research presented in this thesis assesses risk-taking behavior in a human sample as 

indicated by risky behavior on two foraging-type tasks whereby participants attempt to earn 

either Social-inclusion rewards or food rewards under various experimental conditions of 

“current harshness.” As a result, a brief review of the foraging literature is relevant.  

3.3. Relevant Foraging Theory 

The majority of research examining risk-taking in non-human samples has examined 

risk-taking while searching for food (i.e. foraging). Given this thesis is based on an evolutionary 

and biological perspective, it is important to review the relevant comparative literature on non-

human foraging and risk-taking during foraging. Later in the thesis, the reader will see that the 

designs of the risk-taking tasks used in this research are informed by both foraging theory and 

learning theory. These connections will become clearer as the reader progresses.   

3.3.1. Optimal Foraging Theory (OFT) 

Optimal Foraging Theory (OFT) is the most well-known and intensively studied 

description of animal foraging behavior  (for reviews, summaries and in-depth analyses see 

MacArthur & Pianka, 1966; Charnov, 1976;  Pyke, Pulliam, Charnov, 1977; Winterhalder & 

Smith, 1981; McNamara, 1985). The model assumes that the biological fitness (i.e., reproductive 

output and survival) is a function of the efficiency of foraging as measured most typically in the 

“currency” of energy. The main assumption of OFT is that biological fitness is a linear function 

of food gain while foraging. Almost all OFT studies assume the net rate of energy intake will be 

maximized. Because energy is difficult to measure in the wild, time spent searching for food 

serves as a proxy for energy. As a result, time and energy are conflated with one another.  

Optimal foraging theorists have established formal equations that describe the optimal behavior 

of a foraging individual by selecting a currency (usually energy or calories), establishing the 

cost/benefit functions of searching for food (i.e., the constraints), and then, by solving for the 

equation, describing an optimal solution. The OFT approach assumes that there is one single 

optimal solution to every biological problem with modifications only as a result of tradeoffs or 

specific constraints. A comprehensive review of OFT and all of the relevant research is beyond 

the scope of this thesis (interested readers can turn to MacArthur & Pianka, 1966; Charnov, 

1976;  Pyke, Pulliam, Charnov, 1977; Winterhalder & Smith, 1981; Pyke 1984, and McNamara, 

1985 for the most well-cited theoretical accounts, empirical tests, and critiques of the OFT 

approach). Table #1 below summarizes the key questions addressed by OFT and the core 

assumption of OFT.  
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Table # 1  

Questions addressed by Optimal Foraging Theory (OFT) 

1. How an animal decides what to eat (i.e. x versus y?)  

 

2. How an animal decides where to search for food (i.e. what “patch?”) 

 

3. How an animal behaves once it is in a patch (e.g., search paths, how long spent in patch before      

moving to a new patch, etc.)  

 

Critical Assumptions: Time = Energy (calories) spent. 

 

                                    Fitness is a linear function of food gain while foraging. 

  

While OFT has been productive and has increased knowledge about how animals forage 

for food in their environments, there are several limitations that warrant attention (see Pyke, 

1984 for a comprehensive critique of the OFT approach). First and already described above is the 

confounding of time spent searching with energy costs which may be a problematic assumption. 

Secondly, OFT does not distinguish between long-term and short-term benefits. Put differently, 

what is being optimized is not theoretically clear. If the focus is on the amount of energy gained, 

then animals should be as efficient as possible when foraging. However, does this efficiency 

result in reproductive success for the individual? This connection is rarely ever tested and it is 

unknown if the animal is actually optimizing its own reproductive fitness or not. Put differently, 

most studies examining OFT merely obtain a snapshot of behavior and then make long-term 

conclusions about reproductive success; conclusions that may or may not be valid. 

Secondly OFT does not fully consider the complex stochastic and variable nature of the 

environment. OFT assumes that animals make calculated foraging decisions with perfect 

knowledge about the parameters (e.g., means and variance) of the local environment. In the real 

world however, organisms do not have perfect knowledge about such parameters and must 

behave without access to all of these details. Furthermore, an organism must sample the 

parameters of the environment to increase the accuracy of their future predictions regarding the 

location of patches and predator presence. The degree of stochasticity and variability in an 

environment will likely impact the foraging behavior of an organism situated in that 

environment.  Unfortunately, much of OFT research has not fully acknowledged these more 

complex environmental factors. 

Finally, OFT does not consider the current state of the foraging individual. For example, 

how does a satiated animal differ from a starving animal in terms of foraging behavior? 

According to OFT, both animals are attempting to maximize fitness by foraging in the most 

efficient (i.e., lowest-energy expended) manner possible. Surely a satiated animal is more 

interested in pursuing other evolutionarily relevant goals such as finding a mate, protecting kin, 

avoiding disease, and so forth. In contrast, a starving animal is likely going to prioritize food 

acquisition over all other goals because prioritizing food is imperative for the animal’s 

immediate survival and ultimately, for reproductive fitness. More recently, Risk-Sensitivity 

Theory (RST), an extension upon OFT, attempts to address the complex variability of an 
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individuals’ environment as well as the effect that different “Energy-budgets’” may exert on 

foraging behavior.  

3.3.2. Risk-Sensitivity Theory (RST) 

 RST attempts to describe an individual’s response to variance in environmental 

outcomes. In contrast to OFT, RST assumes a non-linear relation between the rate of gain 

associated with each food acquisition and reproductive fitness. RST emphasizes that the current 

“Energy-budget” of an individual is critical in terms of predicting that individual’s foraging 

behavior and what foraging behaviors will be most optimal (Carraco, 1980; Stephens 1981; 

Stephens & Krebs, 1986; Bateson & Kacelnik, 1998). According to RST’s “Energy-budget rule,” 

a forager with a positive Energy-budget is more likely to be risk averse than is a forager on a 

negative Energy-budget who is more likely to be risk-prone when foraging for food. Simply put, 

a satiated animal is unlikely to take extreme risks for food while a starving animal is more likely 

to take extreme risks for food—that is selecting variable “unknown” outcomes over more 

“invariant” certain outcomes. The logic behind this prediction comes from the fact that if an 

animal is likely to starve to death, then its best chance for surviving may come from the most 

variable option, because it may be larger than what the safe and invariant option can provide. 

Even though a safe “invariant” option is guaranteed, it may be too small in magnitude to help the 

individual survive the night. As a result, the only chance the organism has to survive is to gamble 

on high-variance risky choices.   

The example above exemplifies what is known as the “Energy-budget rule” in RST and it 

is used to predict optimal foraging behavior between different options that have the same mean 

gain but different variances among them (Caracco, 1980; Stephens 1981; Stephens & Krebs, 

1986; Bateson & Kacelnik, 1998). More specifically, the Energy-budget rule predicts risk-

aversion when the invariant (or least variable option) provides enough gains to reach the required 

threshold for survival, and risk-taking behavior when it does not (Kacelnik & Bateson, 1996; 

1997). Although there are more complex versions of the rule and exceptions to it, they are 

beyond the scope of the present thesis. For the purpose of the present research, the basic tenets 

and predictions of RST are sufficient. Simply put, RST predicts two main outcomes. The first 

prediction is that individuals are ‘risk-sensitive’ in that they alter their behavior depending not 

solely on the average gains but also by the variance in those gains. Secondly, RST predicts that 

when the Energy-budget of the individual is low or depleted, the individual is more likely to 

adopt a risk-taking strategy and dispense with a risk-averse strategy. In short, the Energy-budget 

of the individual is a critical factor in predicting whether or not risk-taking is optimal or 

suboptimal (Kacelnik & Bateson, 1996; 1997). Given this, the present study predicts that the past 

developmental history of the individual, specifically the levels of harshness and unpredictability 

experienced, influence the sensitivity of various individuals to risk.  

RST makes a critical distinction between variability in terms of amount or magnitude of 

reward and variability in the time-delay to receive the reward (Bateson 2002; Kacelnik & 

Bateson 1996). Risk-aversion for reward amount has been well-documented in both non-human 

and human samples (Battalio et al., 1985; Kagel et al., 1986, Kahneman & Tversky, 1979; 

Tversky & Kahneman, 1991; Kohn, Kohn, & Staddon, 1991). The Energy-budget rule specified 

by RST applies primarily to risk-taking for reward amount. According to the Energy-budget rule, 

individuals shift from a risk-averse strategy to a risk-prone strategy for reward amount when 
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their Energy-budget is depleted. Thus, the current Energy-budget of the individual exerts an 

effect on risk-taking propensity for reward amount as predicted by RST. 

The Energy-budget rule has less to say about risk-taking when the variability is in the 

time delay to receive the reward. A large body of research has documented an almost universal 

risk-proneness in non-human and human animals when the time to receive the reward varies (and 

the magnitude of the reward remains the same). Put differently, risk-proneness for delay to 

reward seems universal, regardless of Energy-budget status. A potential explanation behind this 

result is that magnitude of reward is less serious than delays to receive rewards. A small or a big 

food reward for example is still a food item that can be consumed and can “hold the animal over” 

until the next food item is available. Delays to food rewards, however, can be fatal. It does not 

matter how small or large a reward is if it occurs too far in the future to be of any use to the 

individual. It is therefore less surprising that animals are more risk-averse in terms of reward 

amount compared with delays to reward where animals tend to show universal risk-proneness.  

3.3.3. Relevant Research Investigating Foraging and Risk-Sensitivity 

Research on Non-Humans:  

Previous research has tested the predictions made by RST and has shown support for 

those predictions both in non-human species as well as in humans. Caracco and colleagues 

(1980) provided junco birds with a choice between invariant or variable feeding stations that 

produced the same average magnitude of gain but differed in terms of the magnitude variance. 

Energy- budgets in the form of ambient temperature were manipulated. The birds were exposed 

to one of two possible conditions: (1) a warm ambient temperature conditions (i.e. the positive 

energy- budget condition) or (2) cold ambient temperature conditions (i.e. the negative Energy-

budget condition). The outcome variable in the study was which of two possible feeding stations 

the birds selected. Although both feeding stations provided the same global mean gain, one 

feeding station provided an invariant amount (i.e. number) of food (i.e., low variance) and the 

other station provided a variable amount (i.e. number) of food (i.e. high variance). Birds exposed 

to the warm temperatures demonstrated risk-aversion by selecting the invariant magnitude 

feeding station at a significantly higher rate than the variable feeding station. In contrast, birds 

that were exposed to the colder temperatures were risk-prone during feeding, opting for the 

variable magnitude food station over the invariant food station. This study was one of the first to 

demonstrate that short-term physiological requirements can constrain the choices of animal 

foragers. Birds experiencing positive Energy-budgets are more likely to benefit by choosing the 

safer option that by itself provides enough food (or resources). In contrast, animals in a negative 

Energy-budget state may not earn enough food (or resources) to survive by exploiting the safe 

option and so may have to  gamble on the more variable risky option in hope of meeting the 

threshold required to survive (i.e. to make it through the night or until the next feeding 

opportunity arises, etc.). 

Research conducted on honeybees also supports the predictions of RST, namely the 

Energy-budget rule. Catar & Dill (1990) studied how the foraging behavior of bumblebees for 

variation in nectar reward was affected by the colony energy reserves which the researchers 

actively manipulated by either draining (producing a negative Energy-budget) or adding 

(producing a positive Energy-budget) a sucrose solution to the colony honey pots. Following the 

manipulation to the colony honey pots, the bees could choose to forage in two patches that 
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provided identical average rates of net energy return: (1) a constant “safe” patch that consisted of 

flowers providing the same volume of nectar and (2) a variable “risky” patch that consisted of 

half of the flowers containing one volume of nectar and the other half of the flowers containing 

another volume of nectar. The bees exposed to a positive Energy-budget condition, which 

consisted of the addition of the sucrose solution to the colony honey pots demonstrated risk-

aversion on the foraging task, selecting the invariant “safe” patch over the variable “risky patch.”  

In contrast, the bees exposed to the negative Energy-budget condition, which consisted of the 

draining of sucrose from the colony honey pots, demonstrated risk-prone behavior selecting the 

variable “risky” foraging patch significantly over the safe invariant patch. These data suggest 

that honeybees exhibit risk-sensitivity when their Energy-budgets (in this case, colony honey 

reserves) are manipulated.  

 Research on fish has also supported the predictions made by RST. Croy & Hughes (1991) 

studied the foraging preferences of stickleback fish under both positive and negative Energy-

budget conditions. Energy-budgets were manipulated via the hunger levels of the fish (i.e. food 

deprived versus not food deprived). The fish were then exposed to two different potential food 

sources each of which provided the same overall mean rate of net energy return but had different 

variances associated with them. One food source was a constant “safe” source that provided food 

items in invariant amount (i.e. one food item every twenty seconds). The second food source was 

a variable “risky” source and produced food items in a more unpredictable manner (i.e. zero or 

two food items every twenty seconds). Note that both food sources produce food items every 

twenty seconds, the former safe option always provides one food item and the latter riskier 

options provides either zero or two food items. Put differently, the average food reward between 

both sources is identical (i.e. 1 food item) but the variances between both sources are different. 

Fish that were food deprived selected the more variable food source significantly more than the 

safe food source. In contrast, fish that were not food deprived selected the safe invariant food 

source significantly over the risky source. This research suggests that some species of fish are 

risk-sensitive with regards to foraging and that this risk-sensitivity is at least partially dependent 

on the current energy-status of the organism (in this case, hunger levels).  

 Three different studies have been reported so far in different species (junco birds, 

honeybees, and stickleback fish) and all three have supported the predictions of RST. Although a 

comprehensive review of the non-human literature is beyond the scope of this thesis, readers 

should note that Kateson & Bacelnick (1996) conducted a major review of the scientific 

literature covering fifty-nine non-human studies that tested the predictions made by RST. They 

organized the studies based on whether or not Energy-budgets were manipulated and if the 

researchers used magnitude of gain or the delay period to gain to generate risk. Many of the 

studies conducted supported risk-sensitivity to some extent. That is, most studies demonstrated 

that animals altered their behavior depending upon the variance present in the available gains. 

Second, when risk was manipulated through delay to receive gains, the majority of animals 

demonstrated risk-prone behavior regardless of Energy-budget status. In contrast, when risk was 

manipulated through the magnitude of gain, there was a tendency towards risk-aversion but one-

third of the studies that actively manipulated Energy-budgets in the animals found a shift from 

risk-aversion to risk-proneness for magnitude of gain as predicted by the Energy-budget rule. In 

sum, the extant non-human research lends some support to the predictions of RST. Specifically, 

this body of research has demonstrated that the current Energy-budgets of non-human organisms 

can influence the organism’s selection between safe and risky foraging options. Also, the 
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Energy-budget rule appears to apply primarily to foraging for reward amount. Animals appear to 

display a universal risk-proneness with regard to time delays to receive reward and the empirical 

research conducted to date supports this.  

Human Research 

In humans, far less research has directly investigated foraging using designs like those in 

non-human samples. Most of the risk-taking literature in human samples has relied upon 

financial and monetary outcomes. For example, most experiments conducted with humans have 

found participants to be risk averse with regard to reward magnitude in terms of money 

(Kahneman & Tversky, 1979). In a famous set of research studies, Kahneman & Tversky offered 

subjects a hypothetical choice between a sure gain of $240 versus a 25% chance to win $1,000 

and a 75% to earn $0. The overwhelming majority of participants selected the sure bet of $240 

over the more unpredictable gamble to win $1,000, despite the fact that it provided a lower 

expected value than the more risky gamble. In other experiments, participants (both human and 

non-human) have been found to be risk-averse, preferring an invariant amount of rewards over 

more variable amounts of rewards. A description of this finding appeals to a negative accelerated 

utility function, where the utility of any reward can be calculated by raising its amount to an 

exponent that is less than one. As a result, the first reward provides the greatest amount of utility 

and each additional reward provides less and less benefit. This negatively accelerated utility 

function provides a description of why participants select invariant amount of rewards as the 

invariant option exceeds the average utility of the variable option. Much theoretical work has 

been produced examining the various utility and cost functions associated with different reward 

magnitudes and time delays. This work is beyond the scope of this thesis but interested readers 

can turn to Stephens (1981) for a good summary of these technical details and as well as 

additional references that discuss the logic of risk-sensitive foraging behavior.    

 

Aside from the extant financial, monetary, and gambling research conducted on humans, 

far less research has directly investigated foraging behavior in humans, much less the predictions 

of RST, which usually require experimentally manipulating Energy-budgets, usually in terms of 

hunger levels. A small number of studies conducted on humans, however, exist and bear 

relevance to the applicability of RST predictions to human samples. I will now turn to a brief 

review of some of the human research that is relevant to foraging and risk-sensitivity.  

 

Manipulating hunger levels by depriving human participants of food and providing food 

rewards in the laboratory presents methodological as well as ethical challenges. As a result, 

many studies conducted on humans have used other rewards (e.g., points, money, access to video 

clips, etc.) in attempting to study human foraging and risk-taking behavior.  Locey, Pietras, & 

Hackenberg (2009), for example, gave human participants the option of choosing between 

invariant and variable time presentation schedules (i.e. number of seconds) video clips. Video 

clips were chosen as rewards because of their immediate ability to be “consumed” like food (in 

contrast to say points which require exchanging for another reward). Across the study, there was 

overwhelming selection among the participants for the variable time-schedule over the fixed time 

schedule to view the video clips. This finding is consistent with non-human research showing 

risk-proneness for delay to receive gains. The study did not manipulate Energy-budgets and 

cannot speak to an impact of positive and negative energy- budgets on the selections made.  

 



24 

 

 

 

Kohn, Kohn, and Staddon (1992) conducted four experiments designed to investigate 

human preference for fixed versus variable duration delays to receive gains and fixed versus 

variable gain magnitudes. In this study, a computerized operant task provided reinforcement (in 

the form of symbolic points) on either a fixed schedule or on a variable schedule. Across the first 

three experiments, the participants selected constant duration delays to receive gains and 

constant-size reward magnitudes. These data directly contradict a large body of non-human 

research demonstrating risk-proneness for duration delays to rewards (see Hernstein, 1964; 

Staddon & Reid, 1987 for original work demonstrating this finding). In the fourth and final 

experiment, all verbal prompts and signals that segmented the phases of the procedure were 

removed from the task. After this modification, participants showed a preference for variable 

duration delays to gains, a finding consistent with the animal findings. The researchers claim that 

the presence of prompts permits humans to rely on strategies that non-human subjects could not 

use during the task. This study is particularly important not solely because it represents an 

attempt to study risk-taking for delays to receive rewards and magnitudes of reward in human 

participants, which is rare in itself, but also because the present research design is modelled after 

the procedures and tasks used by Kohn et al. (1992) with modifications made as needed (details 

in the methods section) to test the specific predictions of the present study.  

 

The studies described so far have investigated human preference for fixed versus variable 

outcomes on different types of tasks although none of them manipulated any type of energy or 

resource-budget to examine the effect of need on risk-taking for rewards. There are a handful of 

studies where human risk-taking was investigated along with the manipulation of Energy-

budgets. Pietras & Hackenberg (2001) studied adult humans in an attempt to model Energy-

budget manipulations used with non-human subjects. Using points as a reward (as opposed to 

food), these authors actively manipulated “earnings Energy-budget” by defining the number of 

points that needed to be obtained in each block of trials to exchange the points for money at the 

end of the study. In the positive earnings-budget conditions, exclusive selection of the invariant 

option met the minimal earning requirement necessary to receive money at the end of the study 

In the negative earnings-budget condition the selection of the variable option met the earning 

requirement to receive money at the end of the study probabilistically. Across the study, 

participants exposed to the positive earnings-budget demonstrated risk-averse behavior and were 

more likely to select the “safer” invariant alternative over the more “risky” variable alternative. 

In contrast, participants given the negative earnings-budget were more risk-prone on the task, 

selecting the more “risky” variable option. 

Ermer, Cosmides, & Tooby (2008) examined risky decision making in humans for 

Social-inclusion. In this study, participants were exposed to different levels of Social-inclusion 

as induced by a Social-inclusion manipulation. Participants were told that their decisions on the 

various tasks were being filmed and would be rated by students at one of three different 

universities: a university higher ranking than the participant’s university (producing a high 

Social-inclusion need on the part of the participant), a university ranked equally with the 

participant’s university (producing an equal Social-inclusion need on the part of the participant), 

and a university ranked lower than the participant’s university (producing a low Social-inclusion 

need on the part of the participant). Manipulation check results indicate that participant sense of 

Social-inclusion was successfully manipulated by the evaluation university to which they were 

randomly assigned. Interestingly, male participants who were assigned to the equal Social-

inclusion condition chose the risky-option over the safe option on a variety of forced-choice 
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decision making problems about monetary resources. Equally interestingly, no significant risk-

taking effect was found for males in the low Social-inclusion condition, a finding that runs 

contrary to the predictions of RST. Also, the risk-taking effect was specific to males in the 

sample and only held when the decision-making problems were financial (i.e. risk-taking did not 

increase for medical decisions).  Such a result suggests a sex effect for social risk-taking as well 

as the domain specificity of need domain and risky-decision making. Readers should interpret 

this study with caution because the risk-taking tasks were solely based on description (not 

experience that typically occurs naturally) and follow up studies by this group revealed 

inconsistencies in the sex-specific effect (with women showing risk-taking in a future replication 

attempt). Regardless, this is one of the few studies to investigate human risk-taking in a primary 

adaptive domain under different conditions of “need.”  

In a more recent study, Mishra & Lalumiere (2010) studied college students in another 

attempt to investigate how Energy-budget manipulations influence risk-taking behavior. In this 

study, participants were exposed to conditions of either high or low “need,” which was defined 

as the required number of colored beans (in one task) or computerized food rewards (a computer 

foraging task) that had to be obtained to earn a monetary reward at the end of the study.  Here, 

the authors examined risk-taking propensity as a function of description of the scenario 

probabilities (i.e. explicit instruction of the means and variance associated with selecting from 

various jars of different colored beans) as well as from direct experience with the environmental 

contingencies (i.e. the participant was exposed to several learning trials on a foraging task where 

s/he was instructed to learn the patterns and the regularities associated with the different options 

and then make a risky or non-risky decision based on that knowledge). Across the various tasks, 

there was a significant shift from risk-aversion to risk-proneness when participants where in 

situations of “high need.” This shift occurred both when decisions were based on explicit 

description and from direct contact with the contingencies of the task.  Also, the risk-aversion to 

risk-proneness shift under conditions of high need remained statistically significant after 

controlling for participant sex and individual differences in self-reported general risk-taking 

propensity. This is one of the few existing tests of RST in a human sample. The results suggest 

that resource-budgets and need can impact one’s propensity to engage in risky behavior (in this 

case earning symbolic rewards that can be exchanged for money at the end of the study) 

regardless of sex and individual differences self-reported risk-taking propensity.  

Taken together, the results from these studies suggest that patterns of risky behavior 

predicted by RST also occur in humans with contingencies and rewards that do not involve 

immediate survival. Questions that remain to be answered in the human literature include 

differences between risk-taking for delay (time) to reward and magnitude of reward, the impact 

of different Energy-budget manipulations in primary adaptive domains on risk-taking both 

within and across domains, and the influence exerted by exposure to early-life harshness and 

unpredictability on risk-taking behavior under various conditions of need.  

To date, a large body of non-human research has examined predictions derived from 

various foraging models. It is now well-established that non-humans tend to be risk-averse with 

regard to gain magnitude and risk-prone for duration delays to receive gains (see review by 

Kacelnik & Bateson, 1996). RST has also been studied most prominently in non-human samples. 

These studies have shown the importance of considering an individual’s Energy-budget when 

predicting risk-taking and risk-aversion for gains. Animal work investigating RST has shown 
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that Energy-budgets are almost irrelevant for predicting risk-taking behavior for duration delays; 

animals tend to demonstrate a universal risk-proneness with regard to time to receive gain. In 

contrast, Energy-budgets appear critical in predicting risk-taking behavior for magnitude of 

gains, with high-Energy-budgets giving rise to risk-aversion but low-Energy-budgets fostering a 

switch to risk-proneness for reward magnitude (see review by Kacelnik & Bateson, 1996).. 

Although human research in this area is minimal at best, results from the studies highlighted in 

this section suggest that some of the findings from the non-human literature carry over to human 

samples. The purpose of the present thesis is to provide a more comprehensive test of RST in a 

large human sample while simultaneously considering individual differences in early-life 

conditions, experimentally manipulating Energy-budgets in different domains, and assessing 

risk-taking behavior for resources both within and across domain.  

3.3.4. Methodological Connections: Foraging, Risk-Taking, and Learning 

 It is critical to discuss the connections between foraging behavior, risk-taking behavior, 

and learning from a methodological standpoint before moving into the predictions of the study 

and into the specific methods employed in the present research that are based on these 

methodological connections. Foraging and risk-taking during foraging (e.g. exploring an 

unknown patch that may yield uncertain rewards over safer and certain patches) have been 

studied in the wild by biologists and behavioral ecologists for decades. In the wild, a researcher 

can observe and track the foraging patterns of different individuals given changes in season, 

predator and prey presence, and other natural variations in its natural habitat. Research on 

foraging has also been brought into the laboratory and studied extensively using methodology 

from the behaviorist tradition, namely operant conditioning techniques. Behavioral ecology and 

behaviorism both share a commitment to determining environmental causes of behavior. As a 

result, this research requires integration between the naturalistic arrangements of the wild and the 

lab arrangements common in the experimental analysis of behavior. The following quote 

exemplifies the utility of connecting the natural world with the controlled laboratory:  “The 

laboratory permits scientists to simplify complex adaptive systems so that they retain their 

essential and most interesting features but at the same time are analytically tractable” 

(Winterhalder, 1981). The research presented in this thesis uses methods derived from the 

operant conditioning literature to study foraging and risk-taking behavior in a human sample. An 

overview of the parallels between wild foraging and operant learning tasks is now necessary.  

 Scholars from the behaviorist tradition have noted the parallels between foraging 

behavior in the wild and operant behavior in the laboratory (Staddon, 1983; Dallary & Baum, 

1991; Hackenberg, 1998). Many of the assumptions of foraging models can be simulated and 

manipulated in the laboratory. For example, time spent searching for food (or other resources) in 

the wild can be controlled in the laboratory via operant schedules of reinforcement. The random 

and sequential nature of encountering prey items in the natural environment is equivalent to 

experiencing a variable ratio or a variable interval schedule of reinforcement in the laboratory. 

Foraging models assume that a searching individual recognizes prey immediately; discriminated 

operant procedures make use of stimuli (e.g., visual, auditory, olfactory) cues that make patterns 

of gains and rewards immediately recognizable. Last, many foraging models assume knowledge 

on the part of the individual in terms of the parameters of the local environment and patches. An 

operant equivalent to this knowledge is trial-by-trial repetition of the operant procedure to the 

point that behavior reaches steady and stable performance, synonymous with “knowing.” Table # 
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2 below summarizes these parallels. A result of the functional equivalence between foraging in 

the wild and operant behavior is that researchers can use operant learning methodology to 

investigate theory-driven predictions about foraging under various manipulations and conditions.  

Table # 2  

Parallels between the Assumptions of Foraging Theory and Operant Learning Methodology  

Foraging Theory Assumptions 

 

Operant Analogue 

1. “Searching” time for food.  1. Behavior on a schedule. 

 

2. Prey is arranged randomly and sequentially. 2. Variable ratio or variable interval schedules 

of reinforcement. 

 

3. Prey is recognized immediately. 3. Reinforcers: can use visual and auditory 

cues that make them discernable and 

recognizable. 

 

4. Animals have “accurate knowledge” about 

the local environmental parameters. 

4. Repetition of the operant procedure leads to 

steady and stable performance (equivalent to 

“knowing”).  

Note. Adapted from Dallery & Baum, 1991  

3.4. Cognitive Domain Generality and Domain Specificity  

 The overarching goal of the current research is to investigate how early-life exposure to 

harshness and unpredictability and LH strategy relates to how individuals respond to Energy-

budget manipulations and risk-taking behavior on foraging-type tasks. An additional goal of, the 

thesis is to investigate if the relations between Energy-budget manipulations and foraging 

rewards are domain general or domain specific. For example, if one’s “Social-inclusion Energy-

budget” is depleted via experiences with being socially rejected, does this only influence risk-

taking for socially-relevant rewards or does this Social-inclusion depletion also influence risk-

taking in other areas such as food acquisition? To provide another example, if one is deprived of 

food, does that deprivation solely impact risk-taking behavior for food or does it exert an effect 

on risk-taking in social domains or mate acquisition? Put differently, the present research also 

seeks to determine if the relation between Energy-budget manipulations and risk-taking for 

rewards are domain general or domain specific. The prediction of the current thesis is that 

although the cognitive process of making inferences from environmental cues is domain general, 

the content result of that process – the match between the Energy-budget manipulation and risk-

taking for rewards will be domain specific. This prediction is informed by the Brunswickian 

Len’s Model and Figueredo’s Two-Parameter Model of Preparedness and Plasticity. I will turn 

now to a brief summary of these two models before moving into the specific study predictions 

and hypotheses.  
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3.4.1. Brunswick’s Lens Model  

Ergo von Brunswick laid down the foundation for the Figueredo’s two-parameter model 

nearly half a century ago (Brunswick, 1952). According to Brunswick, the general process of 

inductive inference given environmental cues is identical to the statistical procedure of multiple 

regression in which differential cues are more or less powerful predictors of an outcome. 

Because the environment often constitutes a set of entangled, inter-correlated, and variable 

relations among different cues and outcomes, organisms capable of performing “mental” 

multiple regression analyses would have been at an evolutionary advantage compared to 

organisms that did not possess this cognitively robust ability. Of course, Brunswick did not mean 

to suggest that the organism or individual is an actual mathematical calculator or is equipped 

with SAS software to engage in such cognitive processes, but instead he emphasized the general 

point that the ability to make inferences given the varying validity of cues in the environment is a 

domain general cognitive process that influences behavior and decision-making. In fact, some 

evidence suggests that the “Lens” model or linear model is a heritable genetic trait for 

associating cues and distal outcomes.   

Although evidence suggests that many species, including humans, possess this domain 

general mechanism for making inferences based on varying cue validities, the exact content of 

these inferences and learned associations is environmentally-dependent. Put differently, 

although many species are equipped with a domain general learning mechanism (i.e. The Linear 

Model), the exact content of the associations that are formed is highly environmentally-

dependent and reflect adaptive challenges that organisms face in that environment. Although the 

process of learning is domain general, the content of learning is often domain specific. In short, 

learning can be simultaneously domain general (i.e. the process of learning anything) and 

domain specific (i.e. the content of that learning experience).  

 

3.4.2. Figureredo’s Two-Parameter Model:  

The hierarchical stochastic model for the optimal specification of prepared association 

strength (Figueredo, 1992; 1995; 2000) assumes that learning is domain and general as well as 

prepared and plastic. In Figueredo’s model, preparedness and plasticity serve as the parameters 

that model the ecological validity and the temporal stability of a prepared association over 

phylogenetic, ecological, and ontogenetic time. To put this more clearly, the model assumes that 

time scales are nested in a hierarchical order beginning with evolutionary time within which sits 

ecological time and within which sits developmental time. Evolutionary time is the epoch during 

which the mechanisms of evolution (e.g. natural selection) can exert their influences. Ecological 

time refers to a small slice of evolutionary time where contextual cues are, to some degree, 

predictable. Developmental time refers to a small slice of ecological time during which the 

organism can functionally adapt to the environment, learning and remembering being one of the 

potential mechanisms.  

In this model, adaptive learning refers to a match between the validity of cues in the 

environment in terms of predicting outcomes and the organism’s successful use of those cues. 

For example, the waist-to-hip ratio in human females is a valid and reliable indicator of fertility 

(i.e. is an ecologically valid cue). A human male that responds to this cue with appropriate 

behaviors (e.g., mating, courtship, status displays) that lead to mating and potential reproduction 

has an adaptive advantage over males that were not sensitive to such cues and do not respond 
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accordingly. Adaptation is all about a fit between the predictive validity of the environmental 

cues and the organism’s ability to use those cues to guide and direct behavior in a fitness 

maximizing manner. Thus, an organism typically comes into the world with prepared 

associations that have been reliable in the sense of increasing fitness over phylogenetic time, but 

the organism can also modify and change that response (i.e. demonstrate plasticity) should those 

cues or signals cease to be predictive or useful.  

 Brunswick’s Lens model and Figueredo’s Two-Parameter Model both provide a 

foundation upon which to make predictions about a match between an animal’s energy needs (or 

Energy-budget) and risk-taking behavior it uses to acquire those resources. Although the process 

of engaging in inference given cues and outcomes is likely a domain general process, the content 

of the inferences made are likely domain specific. Put simply, an organism that is experiencing 

cues of hunger is predicted to take action within his/her environment to find food (not Social-

inclusion, not mates, etc.). Similarly, an individual that is experiencing cues of social rejection is 

predicted to take action within his/her environment to obtain social accolades (not food, not 

pathogen resistance, etc.). To summarize, a match between the Energy-budget “cues” and the 

behaviors taken to access resources should be domain specific because this would allow for the 

most efficient solution of the adaptive problem at hand. 

3.4.3. Cognitive Domain Specificity: Evolutionary Perspectives 

 Jerry Fodor is perhaps the most famous proponent of the domain specificity of human 

cognition.  In the book Modularity of Mind (1983), he proposed that the human mind consists of 

innate neural structures that are a direct product of the relevant problems that our ancestors 

routinely faced throughout evolution (Fodor, 1983). Although the different definitions that the 

term “module” has taken on amongst different camps, as well as the ongoing debates that occur 

over this topic, are well-beyond the scope of this thesis, Fodor was one of the earliest scholars to 

suggest that the human mind is not a general-problem solving device but instead was specialized 

over evolutionary history to solve relevant adaptive challenges. 

Prominent evolutionary psychologists extended Fodor’s claim and have long argued for 

the domain specificity of human cognitive processing (Cosmides & Tooby, 1987; 1994; Tooby 

& Cosmides, 1992) They have argued that 1) domain specific neural architectures are the most 

powerful explanatory account of human cognitive performance and 2) that a general cognitive 

processing system cannot account for human cognitive performance across various tasks and 

situations. According to these scholars, the human mind can be compared to a Swiss-army knife 

consisting of a series of “modules” that are domain specific and that are designed to solve 

adaptive problems in a particular biological domain. To provide an example, we can imagine a 

short list of relevant adaptive problems that our ancestors routinely faced: finding food, finding a 

mate, reproduction, avoiding predation, avoiding disease, avoiding incest, and so forth. It is 

argued that a domain general cognitive system could not adequately solve these very distinct 

adaptive problems—it would converge on inadequate solutions. Instead, specific cognitive 

mechanisms that are capable of sampling the relevant parameters from the environment that bear 

on the adaptive problem in question and then executing the appropriate cognitive decision, and 

ultimately generate behavior to solve the problem would have been much more functional and 

adaptive in terms of adequately solving the problem. As stated by Sherry & Schacter (1987): 

“These different adaptive problems are frequently incommensurate. They cannot, in principle, be 

solved by a general-purpose mechanism.” Consequently, the human mind cannot appropriately 
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be conceptualized as an equipotential, general-purpose machine based on these considerations as 

argued by these scholars (Cosmides & Tooby, 1987; Tooby & Cosmides, 1992).  

 Based on the claims of domain specific cognition, it is possible that risky-decision 

making and judgement do not reflect a unitary phenomenon but may instead be broken up into 

evolutionary specialized “sub-domains” that are each responsible for activating evolutionarily-

evolved decision-making mechanisms (Erner, Cosmides, & Tooby 2008). Currently, few 

research studies exist that explicitly examine the domain specificity (or generality) of risky 

decision making and behavior. Some existing research does, however, lend support to domain 

specificity as applied to risky decision making. In one study, college students were randomly 

assigned to different conditions of “Social-inclusion” (high, equal, and lower Social-inclusion) 

via a manipulation that led the participant to believe that they were being evaluated by judges 

who were higher, equal, or lower status than the participant (Erner, Cosmides, & Tooby, 2008). 

The results showed that male participants in the equal Social-inclusion condition opted for the 

more risky response options on a socially-relevant risk-taking task but not on a socially-

irrelevant risk-task that involved decisions about medical treatment and saving lives. Such results 

lend some support to the domain specificity of risky-decision making and risk-taking behavior.  

 Psychometric research also supports a domain specific approach to human decision 

making under risk. Although domain specific risk-taking scales exist, many of them such as the 

Domain Specific Risk Attitudes Scale (DOSPERT; Blais & Weber, 2006) which assesses risky 

decision making across the domains of financial, ethical, social, recreational, and health/safety 

have been devoid of any evolutionary perspective. More recently, researchers have developed 

risk-taking assessments that are informed by the recurrent challenges routinely faced by our 

ancestors over evolutionary time (Wang, Krueger, & Wilke, 2009). For example, an early 

version of the Evolutionary Domain specific Risk-Taking Scale assessed risk-taking propensity 

across five evolutionarily-valid domains: within-group competition, between-group competition, 

environmental challenge, mating risk, and reproductive risk. In one study, the relations among 

relevant life history strategy variables (e.g., self-reported life expectancy, reproductive goal 

setting, etc.) and willingness to engage in risk-taking across the various domains was 

investigated. The results of this research showed that different life-history relevant variables 

predicted the different domains in which individuals reported willingness to engage in risk-

taking. For example, shorter life expectancy was associated with a greater willingness to take 

mating and reproductive risks, but not risk-taking in the other domains. Results such as these 

lend some support to the domain specificity of risk-taking (and the domain specific assessment 

of risk-taking) as well as the predictive utility of life history relevant variables in predicting the 

different tradeoffs that individuals make across distinct domains.  Recently, the research team 

published an updated and psychometrically improved version of the Evolutionary Domain 

specific Risk-Taking Scale (Wilke, Curdt, Mondal, Fitzgerald, & Kruger, 2014).  

 A full review of the research that bears on the domain generality or domain specificity of 

human cognition, and in particular risk-taking, is beyond the scope of this thesis. The summary 

provided has introduced the relevant theory and some of the past empirical research that guides 

the predictions of the current thesis. The Brunswickian Lens Model, Figueredo’s Two Parameter 

Model, and theoretical and empirical work from various evolutionary psychologists provide a 

solid foundation upon which to predict that risk-taking in the current study is likely to be domain 

specific.  
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 At this point it is hoped that the reader has a more thorough understanding of the relevant 

theory and empirical research that will support the predictions of the current research: Life 

History Theory, Risk-Sensitive Foraging Theory, Operant Learning Theory, and relevant theory 

regarding the domain specificity of human cognition. The present thesis integrates various 

insights from these areas of study to test an integrated model of human risk-taking behavior 

given various individual difference variables and experimental “resource-budget” manipulations 

in what are predicted to be different adaptive domains. The specific predictions of the current 

study now follow.   

3.5. Competing Study Predictions and Proposed Models  

Based on the theory and past research described above, the present study will test two 

competing models of risk-taking behavior under various experimental manipulations:  (1) An 

Inclusive Moderation Model that predicts moderation among the quasi-experimental variables of 

Past Harshness, Past Unpredictability, LH strategy (indicated via Super-K factor) and risk-taking 

behavior and (2) A Restricted “Main Effects Only” Model that predicts direct effects between the 

quasi-experimental variables and risk-taking behavior and direct effects between the 

experimental manipulations and risk-taking behavior. 

 

3.5.1. Inclusive Moderation Model #1  

Figure #1 below provides a conceptual overview of the following predictions of Model #1:  

 

1. Exposure to Past Harshness significantly influences LH strategy, with higher levels of 

Past Harshness leading to faster LH strategies and lower levels of Past Harshness leading 

to slower LH strategies (See Blue Arrows in Figure #1 Below). 

 

2. Exposure to Past Unpredictability significantly influences LH strategy, with higher 

levels of Past Unpredictability leading to faster LH strategies and lower levels of Past 

Unpredictability leading to slower LH strategies (See Blue Arrows in Figure #1 Below). 

 

3. Exposure to Past Unpredictability, Harshness, and LH strategy all moderate participant 

risk-taking behavior for food and for Social-inclusion under different “resource-budget” 

experimental conditions. More specifically the model predicts differential effects for 

those exposed to past harsh and unpredictable environments and those who report a faster 

LH strategy compared with those exposed to low harshness, low Past Unpredictability 

environments, and those who report a slower LH strategy (See Red Moderation Arrows 

in Figure #1 Below).  
 

Specifically:  

3a. Past Harshness, Past Unpredictability, and a faster LH strategy are associated 

with significantly more risk-taking behavior on the risk-taking tasks under both 

the “resource-deprivation” and the control (non-deprivation) experimental 

manipulations.  

 

3a1. Risk-taking is heightened under the “resource-deprivation” 

conditions (i.e. social rejection or low “Energy-budget” condition) 

compared to control conditions.  
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3b. Low Past Harshness, Low Past Unpredictability, and a slower LH are 

associated with risk-averse behavior on the risk-taking tasks. 

 

3b1. Risk-aversion is heightened under the “resource-deprivation” 

conditions (i.e., social rejection or low “Energy-budget”) compared to 

control conditions. 

 

4. Last, I predict that the relation between the “resource-budget” experimental 

manipulation and risk-taking (or aversion) on the outcome tasks is domain specific. More 

specifically, experiencing social rejection significantly influences risk-taking (or risk 

aversion) only for social rewards. Experiencing a low “Energy-budget” significantly 

influences risk-taking (or risk-aversion) for food rewards only. Put differently, I predict 

that the relation between the cross-domain effects of the resource-budget manipulation 

and the outcome task domain are not statistically significant (The solid black arrows in 

Figure #1 below show the predicted domain specificity and the dashed black arrows 

symbolize the predicted to be non-significant domain general effects).  

 

Figure # 1  

Inclusive Moderation Model 1 

 

 
 

 

*Note. The Inclusive model above predicts that early-life harshness and Unpredictability 

influence LH strategy and that these quasi-experimental variables moderate participant risk-

taking behavior under the different experimental “resource-budget” conditions. Note that the 

main effects between the predictor variables and the outcome variables are indicated by 

the green arrows as a “main effects” model is nested within the moderated model.  
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3.5.2. Restricted “Main Effects Only” Model #2  

Figure #2 below provides a conceptual overview of the predictions for Model #2 which predicts 

the absence of interaction and moderation effects between the quasi-experimental variables 

(harshness, Unpredictability, and LH strategy) and the experimental “resource-budget 

manipulations.” The specific predictions of Model 2 are: 

 

1. Past Harshness will be associated with a faster LH strategy. In contrast, lower levels of 

Past Harshness will be associated with a slower LH strategy (See Blue Arrows in 

Figure#2 Below). 

2. Past Unpredictability will be associated with a faster LH strategy. In contrast, lower 

levels of Past Unpredictability will be associated with a slower LH strategy (See Blue 

Arrows in Figure #2 Below). 

3. Past Harshness will lead to increased risk-taking behavior on the risk-taking tasks for 

Social-inclusion and for food rewards (See Green Arrows in Figure #2 Below). 

4. Past Unpredictability will lead to increased risk-taking behavior on the risk-taking 

tasks for Social-inclusion and for food rewards (See Purple Arrows in Figure #2 

Below). 

5. A faster LH strategy will lead to increased risk-taking behavior on the risk-taking tasks 

for Social-inclusion and for food rewards (See Red Arrows in Figure #2 Below). 

6. Participants exposed to the “resource-budget” manipulations that include social 

rejection or a low “energy” budget will be more risk-taking on the tasks that involve 

rewards in that domain (i.e. social or food rewards) (See Black Solid Arrows in Figure 

#2 Below). 

7. Participant exposed to the control “resource-budget” conditions (i.e. non-rejection or 

high-Energy-budget) will be risk-averse on the risk-taking tasks (See Black Solid 

Arrows in Figure #2 Below). 

8. The relation between the resource-budget manipulations (social or “energy” budget) 

and the risk-taking task rewards (social or food) will be domain specific. Put differently, 

being socially rejected will only influence risk-taking for social rewards and having a low 

“energy” budget will only influence risk-taking for food rewards (See Dashed Black 

Lines in Figure #2 Below).  
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Figure #2  

Restricted “Main Effects Only” Model 2 

 

 
 

*Note. This model predicts main effects only between the quasi-experimental variables and risk-

taking behavior as well as main-effects only between the experimental manipulations and risk-

taking behavior.  
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4.0. Methods 

4.1. Participants 

Two hundred and forty seven (N= 247) psychology students, ranging from 18 to 24 years of age, 

from the University of Arizona participated in this study. Fifty-eight% of the sample identified as 

female (N=143), 41% of the sample identified as male (N=101), and 1% of the sample identified 

as other (N= 3). Participants were recruited during the spring, summer, and fall terms of 2015 via 

the psychology research pool (SONA) that introductory psychology student’s use as one option 

to meet the class required research requirement. Participants received research credits for their 

participation in the study. Participants were not compensated financially or in any manner other 

than receiving research credits that contributed towards meeting the introduction to psychology 

course research requirement.  

4.2. The Research Team 

The research team consisted of five females (M age = 24 years) all of whom were involved in 

running the studies described in this thesis. All were students at the University of Arizona during 

the spring, summer, and fall semester of 2015. Throughout all portions of the study, members of 

the research team wore a standard white lab coat.  

4.3. General Overview of the Research Procedure:  

The design of the study required all participants to attend two separate in-person laboratory 

sessions each of which lasted one hour.  The first session consisted of completing questionnaires 

assessing various aspects of the early-life environment and LH strategy. The second session 

consisted of exposure to the experimental manipulations, performance on two behavioral risk-

taking tasks, and additional questionnaire completion.  

There were two main conditions in the study: (1) The Social-inclusion Conditions (where 

participants were assigned to experience either social rejection or non-rejection) and (2) The 

Energy-budget Conditions (where all participants came into the lab after fasting from food for 12 

hours and were then assigned to consume either seltzer water which did not increase blood-sugar 

levels or Sprite, which increased blood-sugar levels).  

Session #1:  

During Session #1, participants were pseudo-randomly assigned either to a Social-inclusion 

Condition or to an Energy-budget Condition for their second session (see below). All participants 

(regardless of condition) engaged in informed consent with a member of the research staff and 

then completed a series of questionnaires assessing early-life environmental conditions as well as 

LH strategy. Following this, participants were scheduled for Session #2, which occurred within 

two weeks after Session #1. All participants received reminder slips Session #1stating the date 

and time of their second session appointment upon leaving session. Participants were also 

emailed the evening before their appointment as an additional reminder. For the Social-inclusion 

Conditions, the reminders were straightforward and simply stated the time and date for Session 

#2. Participants assigned to an Energy-budget Condition however, were also provided with 

detailed instructions (both verbally and in writing) for fasting before Session #2. Participants 

were instructed to withhold from consuming food and non-water beverages beginning at 
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10:00pm the night before their second session which occurred at 9:30am the following morning. 

Participants in the Energy-budget Conditions were told that their blood-sugar levels may be 

tested upon entry to the second session of the study so as to increase compliance with the fasting 

procedure.   

The Social-inclusion Conditions were run in the spring and summer of 2015 and the Energy-

budget Conditions were run in the fall of 2015 for a variety of logistical reasons. Although the 

two studies were run sequentially, within each study, participant assignment to the experimental 

and control conditions was pseudo- randomized. 

Session #2:  

Session #2 occurred at 9:30am and two participants took part simultaneously. Participants were 

seated at separate desks and computer stations in the laboratory. Session #2 consisted of the 

experimental manipulations. During this session the participants played two behavioral risk-

taking tasks: The Wheel Spin Risk Task and the Operant Risk Task, and completed additional 

questionnaires.  

The Social-inclusion Conditions (Social Rejection and Non-Rejection) 

There were two potential Social-inclusion conditions to which participants could have been 

randomly assigned: (1) Social Rejection or (2) Non-Rejection. At the start of Session #2, 

participants engaged in informed consent with a member of the research staff. Following 

consent, participants completed a questionnaire designed to assess pre-experimental participant 

self-esteem levels before exposure to the social experimental manipulations.  

Participants assigned to Social Rejection were instructed that they had ten minutes to write an 

extemporaneous essay describing a time in which they felt socially isolated and rejected from a 

group. The participants then played an exclusion version of “Cyberball”, a computerized game 

designed to induce feelings of social rejection and low mood.  

Participants assigned to Non-Rejection were instructed that they had ten minutes to write an 

extemporaneous essay describing their commute to campus. The participants then played a 

control version of the Cyberball game which was designed to not induce the same feelings of 

social rejection and low mood that the exclusion version induces (see Williams & Jarvis, 2006).  

After the manipulations, participants completed two additional surveys assessing their sense of 

belonging and their current mood levels. These surveys served as a check on the Social-inclusion 

experimental manipulations to which the participants were exposed. After this, participants 

played two behavioral risk-taking tasks during which they competed for one of two possible 

rewards: (1) points in an attempt to climb up levels in the game and to out-compete previous 

players or (2) food rewards such as M&Ms, peanuts, and crackers. After completing the risk-

taking task, participants completed several surveys, were debriefed by the research staff member, 

and received a credit slip documenting participation in the study.  
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Energy-budget Conditions (Low blood-sugar levels and High blood-sugar levels).  

There were two potential Energy-budget Conditions to which participants could have been 

randomly assigned: (1) Low Energy-budget or (2) High Energy-budget.  

At the beginning of Session #2, participants engaged in informed consent with a member of the 

research staff. Following consent, participants answered two survey questions about their level of 

hunger upon entering the laboratory. This data was collected to determine if participants 

complied with the fasting instructions provided in Session #1. Although participants were told in 

Session #1 that they may have their blood-glucose levels assessed at Session #2, the research 

staff did not actually measure blood-glucose levels in the laboratory due to health and safety 

concerns with obtaining and disposing of live blood samples from such a large student sample. It 

was the hope of the research team that informing participants of the blood-glucose test possibility 

would increase adherence to the fasting procedure. 

Participants’ blood-sugar levels were then actively manipulated via consumption of a beverage. 

This beverage administration procedure has been used successfully in past research that has 

examined predictions about food consumption behavior under different “energy-need” states and 

was adopted here for the purposes of the current thesis (see Hill, Prokosch, DelPriore, 

Griskevicius, & Kramer, 2016). Participants assigned to the Energy Deprivation consumed 

twelve ounces of seltzer water (no sugar) and were then exposed to a ten-minute slideshow 

presentation depicting data and commentary on the growing world food crisis on a computer 

monitor. Participants assigned to the Energy Non-Deprivation consumed twelve ounces of Sprite 

(high-sugar content) and were then exposed to a ten-minute slideshow depicting data and 

commentary about the finances, budget, and facilities of the University of Arizona on the same 

computer monitors used for the Energy Deprived Group.    

Following the beverage-induced Energy-budget manipulation; participants played two behavioral 

risk-taking tasks during which they earned one of two possible rewards: (1) points in an attempt 

to climb up levels in the game and to out-compete previous players or (2) food rewards such as 

M&Ms, peanuts, and crackers. After completing the risk-taking tasks, participants completed 

several surveys, were debriefed by the research staff member, and then awarded a credit slip 

documenting participation in the study.  

Study Procedure Overview 

There were eight groups of participants. Table #3 below provides an overview of the eight 

groups and the general procedure that participants assigned to those groups experienced.  
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Table #3 

Overview of Groups and Sequence of Procedures (8 Groups Total)   

Group Session 1 Session 2 Session 2 Session 2  Session 2 

 

1 

N = 30 

(Domain- 

Specific) 

 

Surveys Rejection: 

Writing  

Rejection: 

Cyberball 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

2 

N = 30 

(Domain- 

Specific) 

 

Surveys No Rejection: 

Writing  

No Rejection: 

Cyberball 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

3 

N = 30 

(Cross-

Domain) 

 

Surveys Rejection: 

Writing 

Rejection: 

Cyberball 

Wheel Spin 

Task (Food ) 

Operant Risk 

Task (Food) 

4 

N = 30 

(Cross-

Domain) 

 

Surveys No Rejection: 

Writing 

No Rejection: 

Cyberball 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 

5 

N = 32 

(Domain- 

Specific) 

 

Surveys Energy 

Deprived: 

Seltzer Water 

Food Crisis 

Slideshow 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 

6 

N = 32 

(Domain- 

Specific) 

 

Surveys Energy Non-

Deprived: 

Sprite 

 

UofA 

Slideshow 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 

7 

N = 33 

(Cross-

Domain) 

Surveys Energy 

Deprived: 

Seltzer Water 

Food Crisis 

Slideshow 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

8 

N = 30 

(Cross-

Domain) 

Surveys Energy Non-

Deprived: 

Sprite 

 

UofA 

Slideshow 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

Note. Eight groups total were required to test for domain generality versus domain specificity of 

risk-taking behavior.  
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4.4. Self-Report Questionnaires 

All participants completed the following questionnaires during Session #1. Alpha levels can be 

found further down in the results section as the factor creation tables provide both estimates of 

scale reliability and validity in the tables provided in that section. I have grouped the description 

of each scale along with the higher-order quasi-experimental construct for which it was intended 

measure in order to test the competing model predictions.  

 Demographics: 

Demographics: A brief demographics questionnaire that assessed participant sex, age, 

race, ethnicity, questions about parental socioeconomic status, parental partner changes 

over the lifetime, and residential changes.  

Past Harshness Scales:  

The Parenting Questionnaire (Paternal and Maternal Harshness): These are the scales 

used by Ellis et al. (2012, Development and Psychopathology). It combines the Parental 

Bonding Inventory (PBI care scale; Parker, Tupling, & Brown, 1979) and items from the 

Conflict Tactics Scale (CTS; Jouriles, Mehta, McDonald, & Francis, 1997; Straus, 1979). 

Participants are asked to answer twenty questions about their mother (10 questions) and 

father (10 questions) separately on a 5 pt. Likert Scale (1= never, 5 = always):  (e.g., “My 

mother/father spoke to me in a warm and friendly voice.” “My mother/father appeared to 

understand my problems and worries.” “My father/mother swore (cursed) at me”; “. . . 

insulted me or put me down” . . . acted in a way that made me afraid I might be 

physically hurt”; and “. . . pushed, grabbed, or slapped me.”). The questionnaire instructs 

participants to report the extent to which each item described their father/mother during 

the first sixteen years of their lives. Scores on the twenty items were reverse coded and 

then averaged to form composite measures of Maternal Warmth, Paternal Warmth, 

Maternal Aggression, and Paternal Aggression. The composite measures of Maternal 

Warmth and Paternal Warmth were then multiplied by -1 in order to form composite 

scores of Maternal Coldness and Paternal Coldness. Finally, Aggression and Coldness 

from the mother and father were combined to create “Paternal Harshness” and “Maternal 

Harshness” composite scores.  

Early Environment Questionnaire-- Economic Harshness Items (EEQ; Black & Gable, 

2012) is a thirty-four item questionnaire that was developed following the work of 

Belsky, Schlomer, and Ellis (2011) and Griskevicius, Delton, Robertson, and Tybur 

(2010) as a self-report measure of environmental instability in childhood (Black & Gable, 

2012). The scale assesses the degree of both harshness and unpredictability experienced 

from as early in life as s/he can remember up until the age of ten years old. The EEQ 

focuses on five, theoretically-relevant domains: 1) Family’s Economic Resources; 2) 

Biological Relative Presence; 3) Non-biological Adult Presence; 4) Residential Changes; 

and 5) Maternal Sensitivity.  The first subscale, Family’s Economic Resources, is 

composed of nine Likert items that built upon the scale used by Griskevicius et al. which 

had been demonstrated to predict psychological indicators of an accelerated life history 

strategy (e.g., attitudes on reproductive timing). Item examples include “My family 

usually had enough money for basic necessities when I was growing up”, “My family 
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was often unable to provide healthy and balanced meals while I was growing up”, and 

“My parent(s) couldn’t always pay the bills”, and participants responded on a 7-point 

scale ranging from -3 (Strongly Disagree) to +3 (Strongly Agree).  Also following Belsky 

et al. are several items on parental relationships, including whether they divorced, the 

number of romantic partners and remarriages, as well as items asking about the number 

of residential changes the participant experienced.  Finally, the remaining nine items ask 

about three dimensions of maternal sensitivity specified in Belsky et al.: supportive 

presence, respect for autonomy, and hostility.  Items include “I felt that my mother was 

emotionally supportive”, “I felt like my mother was pretty controlling”, and “My mother 

seemed to get irritated with me very easily” and response options range from -3 (Strongly 

Disagree) to +3 (Strongly Agree).  The EEQ also includes self-reported measures of 

living circumstances (e.g., with single-mothers or fathers, both parents, or extended 

family), and whether participants lived with non-biological relative adults.  

Past Unpredictability Scales  

The Neighborhood Violence Scale (NVS; Frankenhuis, 2016 in preparation) is designed 

to measure both developmental and current exposure to violence. This scale consists of 

two separate subscales (developmental and current), each of which consist of seven items 

scored on a Likert scale from -3 to +3 with higher scores reflecting higher levels of 

neighborhood violence.. The items in the subscales are identical except in their 

assessment of the participants past developmental environment (i.e. before the age of 

sixteen) or the current environment (i.e. presently). An example of a question on both 

scales is “In the neighborhood where I grew up, most people felt unsafe walking around 

at night” versus “In my neighborhood, most people feel unsafe walking around at night.”   

Early Environment Questionnaire---Economic Resource Instability Items (EEQ; Black & 

Gable, 2012) is a thirty-four item questionnaire that was developed following the work of 

Belsky, Schlomer, and Ellis (2011) and Griskevicius, Delton, Robertson, and Tybur 

(2010) as a self-report measure of environmental instability in childhood (Black & Gable, 

2012). The scale assesses the degree of both harshness and unpredictability experienced 

from as early in life as s/he can remember up until the age of ten years old. A complete 

description of the scale is provided above where economic harshness items from this 

scale were used to help create the Past Harshness factor. For Past Unpredictability, the 

economic instability items from this questionnaire were used.  

Number of residential changes: The number of residential moves/changes experienced 

before the age of sixteen was also used to create the Past Unpredictability factor. This 

question was included in the demographics survey that participants completed at the 

beginning of the study.  

 “Super-K” Life History Scales: 

The Mini K (Figueredo et al., 2006; Figueredo et al., 2005) is a twenty item short-form 

measure of Life History Strategy adapted from the 199 item Arizona Life History Battery 

(Figueredo et al., 2006). It includes 20 items that are rated using a Likert Scale from -3 

(strongly disagree) to +3 (strongly agree). The Mini-K has been used extensively in Life 

History Theory research applied to humans.  
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SF-36 Health Survey (Ware Jr & Sherbourne, 1992) is an extremely well-established and 

psychometrically valid thirty-six item survey designed to assess both physical and mental 

health functioning. This survey has been used extensively in both medical settings and in 

psychology research.  

Ten Item Personality Test (TIPI: (Gosling, Rentfrow, & Swann Jr, 2003): is a brief ten-

item assessment of the big five personality traits. This short personality test has been used 

extensively and has demonstrated adequate psychometric properties.  

4.5. Experimental Manipulations:  

Social Rejection Tasks:  

Social Rejection Writing Exercise: Participants in the social rejection group were given 

ten minutes to handwrite (on a piece of paper) a description of a time in their life when 

they felt excluded from a group and socially rejected. This procedure has been used 

extensively in social psychology research investigating the influence of perceptions of 

social rejection and ostracism on various psychological outcomes (Zhong & Leonardelli, 

2008 for a review and empirical results).  

 

Cyberball Exclusion Version: Cyberball is a well-validated and extensively used 

computerized game that induces self-described feelings of social exclusion and rejection 

(Eisenberger, Lieberman, & Williams, 2003; Williams, Cheung, & Choi, 2000). In this 

task, instructions are presented on the computer screen and read verbatim by the research 

assistant on duty. The instructions tell the participant that they will be practicing their 

visualization skills by playing an online game called Cyberball with students from two 

other universities (these students are actually computer generated). The participant is also 

instructed to mentally visualize as vividly as they possibly can throughout the game. The 

game begins with one of two players throwing a ball to the participant. The participant 

can then choose which of the two people s/he would like to throw the ball to; s/he does so 

by clicking an appropriate facial icon. In the current study, participants in the social 

rejection experimental condition were exposed to the exclusion condition where the 

participant receives the ball two times in the beginning and then is excluded from the 

game for the remaining 28 trials (30 trials total). The total duration of the game is five 

minutes.  

 

 Non-Rejection:  
 

Neutral-Writing Exercise: Participants were given ten minutes to handwrite on a piece of 

paper a description of a neutral topic: their morning commute to campus. This control 

condition has been used extensively in social psychology research (Zhong & Leonardelli, 

2008).  

 

Cyberball Control Version: The instructions for this game are identical to those provided 

in the Exclusion version. However in the control version; participants receive the ball 

intermittently throughout the entire game. Thus, social rejection is usually not 

experienced in the control condition of the game because the participant is actively 

included. The total duration of the game is five minutes.  
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Social-inclusion Conditions:  Manipulation Check Questionnaires:  

I. Pre- Manipulation: Rosenberg Self-Esteem Scale (RSE; Rosenberg 1965: consists of 

ten questions that assess the individual’s self-esteem. Items are scored on a 4 pt. Likert 

scale ranging from strongly agree to strongly disagree. Some item examples include: “I 

feel that I do not have much to be proud of”; “I feel that I have a number of good 

qualities”; and “I feel that I am a person of worth”.  Items that are negatively worded are 

reverse coded and then a composite self-esteem score is computed. The scale scores 

range from 0-30 with higher scores indicating higher participant levels of self-esteem. 

The scale generally has high reliability: test-retest correlations are typically in the range 

of .82 to .88, and Cronbach's alpha for various samples are in the range of .77 to .88 (see 

Blascovich and Tomaka, 1993 and Rosenberg, 1986).  

 

II. Post-Cyberball Questionnaire: assesses the impact of social rejection manipulations 

three socially-relevant domains via a 9 pt. Likert Scale (ranging from “not at all” to “very 

much”): belonging (e.g. “I feel like an outsider”), self-esteem (e.g. “I feel good about 

myself) and meaningful existence (e.g. “I felt non-existent during the game”). Higher 

scores across these subdomains reflect higher levels of belonging, self-esteem, and a 

feeling of having meaningful existence. The Post-Cyberball Questionnaire is a well-

established questionnaire in the field of social-rejection research (Williams, Govan, 

Croker, Tynan, Cruickshank, & Lam, 2002; Williams Cheung, & Choy, 2000).  

 

III. Post-Cyberball Mood Questionnaire: The post-mood questionnaire assesses the 

participant’s current mood across a 9 pt. Likert scale (e.g. “I feel happy,” “I feel down,” 

etc.). Higher scores on each question reflect feeling higher levels of that particular mood 

state. The Post-Cyberball Mood Questionnaire is a well-established questionnaire in the 

field of social-rejection research (Williams et al., 2002; Williams et al., 2000).  

 

Energy-budget Manipulations (Energy Deprivation and Energy Non-Deprivation)  

Fasting Procedure: 

In the first session, all participants were instructed by the research staff both verbally and 

in writing (in the form of a reminder slip) to withhold from food consumption and from 

non-water beverage consumption beginning 10:00pm the evening before their morning 

appointment at 9:30am. Participants were instructed by the research staff in Session #1 

that they may have their blood-glucose levels measured upon arrival to the laboratory in 

an attempt to ensure compliance with the fasting procedure. During this first session, the 

group number on top of each survey packed indicated whether participants were pseudo- 

randomly assigned to either an Energy-Deprived Group or to an Energy Non-Deprived 

Group for Session #2.  
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Energy Deprivation Manipulation:    

Beverage Consumption: Upon arrival to the lab, participants assigned to Energy-

Deprivation  were administered twelve ounces of seltzer water (sugar-free) by a research 

assistant to consume before moving on to the next portion of the study. A research 

assistant poured the appropriate beverages into red disposable cups away from the 

participants and then handed the beverage to the participant for consumption. The RA 

told the participants to consume as much of the carbonated drink as possible within three 

minutes. All participants consumed at least two-thirds of the beverage with the 

overwhelming majority consuming the entire twelve-ounce cup. 

Slideshow Presentation: Following consumption of the beverage, Energy Deprivation 

participants were exposed to a ten minute long slideshow presented on a computer 

monitor. The presentation was entitled “The Growing Economic Food Crisis” and it 

presented data and commentary about global overpopulation, the erosion of farmland 

across the world, and famine (see appendix for examples of slides). Participants were 

instructed that they should do their best to pay careful attention to the slideshow 

presentations because they may be quizzed on the details of the information later in the 

study. We hoped that this would increase attention to the slideshow material.  

The purpose of the slideshow presentation was twofold: First, because the study cannot 

ethically require participants to fast for more than twelve hours, the participant’s hunger 

levels were not critical or life threatening (as hunger levels may be in a famine-ridden 

area of the world, etc.). We hoped that exposure to information about an impending food 

crisis would prime the participants on a cognitive level about hunger and thereby enhance 

the effect of the Energy Deprivation Manipulation (i.e. the seltzer water consumption 

after having fasted for 12 hours). Second, the ten minute slideshow provided enough time 

for changes in blood-glucose levels to occur in the other comparison condition (described 

below) before the participant engaged in the risk-taking outcome tasks of the study.   

Energy Non-Deprivation Manipulation:  

Beverage Consumption: Upon arrival to the lab, participants assigned to Energy Non-

Deprivation were administered twelve ounces of Sprite (contains high sugar content 

which raises blood-sugar levels) by a research assistant to consume before moving on to 

the next portion of the study. The Research Assistant poured the appropriate beverages 

into a red disposable cup out of sight of the participant and then handed the beverage to 

the participant for consumption. Participants were asked to consume as much of the 

carbonated drink as possible within three minutes. All participants consumed at least two-

thirds of the beverage with the overwhelming majority consuming the entire twelve-

ounce cup. 

Slideshow Presentation: Following beverage consumption, participants in Energy Non-

Deprivation were exposed to a ten-minute long slideshow presentation entitled “The 

University of Arizona” on a computer monitor. The slideshow presented data and 

commentary regarding the university’s budget allocation, student population, and 

resources available on the campus. Participants were told to pay careful attention to the 
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slideshow presentations as they may be quizzed on the details of the information later on 

in the study.  

The slideshow presentation administered to the Energy Non-Deprivation Group was 

intended to serve as a match to the procedures of the deprivation group described above. 

Also, the ten-minute slideshow provided enough time for the consumption of Sprite to 

increase blood sugar levels in the participants and to ensure that they were engaging in 

the risk-taking outcome tasks with higher blood sugar levels than the Deprivation Group.  

Energy-budget Manipulation Check Questionnaires: All participants in the Energy-

budget Conditions (i.e. deprived and non-deprived) completed the following additional 

questionnaires during the study which allowed for an Energy-budget manipulation check 

to be conducted: 

I. Hunger Scale: this short two-question survey was created for the purpose of the 

current study assessed how hungry participants felt upon immediate arrival into 

the laboratory (Likert scale; 1-7) as well as how many hours had passed since the 

participant had last consumed any food or non-water beverages.   

II. Final Survey: this six-question survey was created for the purpose of the 

current study and assessed whether or not participants had complied with the 

fasting instructions which asked them to withhold consumption from food and 

from non-water beverages beginning at 10:00pm the night before the scheduled 

research session at 9:30am the next morning. This survey also assessed the 

participant’s current weight and height, as well as the participant’s socioeconomic 

status both during development and currently.  

4.6. Behavioral Risk-Taking Outcome Task Parameters & Instructions 

For the outcome tasks in this study, participants played two tasks: An Operant Risk Task 

presented on a computer and a Wheel Spin Risk Task that consisted of selecting between two 

“casino” wheels and spinning the wheel. Participants either played the Social Points version of 

the tasks (where they competed for points to outcompete past players) or the Food version of the 

tasks (where the reward was access to snacks such as M&Ms, peanuts, and crackers) depending 

on which group they had been assigned to (i.e. some groups served as a test of domain-specify 

between the manipulation and the risk-taking tasks and other groups served as a test of domain 

generality where the manipulation was in the opposite domain of the risk-taking task) .  The 

details of the tasks are described below:  

4.6.1. The Wheel Spin Risk Task 

In this task, participants were presented with two identical “casino” type spin wheels 

marked with different payoffs.  Both wheels provided identical mean reward amounts, the 

variance between the two wheels differed (see Figures 3 and 4 below). One wheel was 

the “safe” wheel which was low in terms of reward variance. The second wheel was the 

“risky” wheel which was higher in terms of reward variance compared to the safe wheel. 

The RA asked the Participant to choose a wheel, and to physically spin the chosen wheel 

with the goal of earning the highest score. 
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In the Social Points version of this task, participants earn points in an attempt to 

outcompete past players of the game. In the Food version of this task, participants receive 

the amount of food rewards (M&Ms, peanuts, or crackers) equal to their score on the 

spin. See Figure #3 and Figure #4 below for a visual depiction of the Wheel Spin Task 

parameters.  

Figure #3:  
Parameters of the Social Points Version of the Wheel Spin Task 

 

 “Safe” Wheel                                            “Risky” Wheel  

*Note: The average number of rewards between the wheels is identical but the two wheels differ 

in terms of standard deviation and variance. The safe wheel: (M = 50.0, SD = 2.0, R
2
= 4.0). The 

risky wheel: (M = 50.0, SD = 28.0, R
2
= 786.0). 

Instructions for the Social Points Wheel Spin Task (read verbally by the RA): 

“In the next task, we are going to ask you to choose between two different spin wheels. 

The goal is to earn the most points possible and to out-compete past players of the game. 

There are two different wheels in front of you. Please take a minute to look at the two 

wheels. Remember, you are trying to maximize your chance of earning the most points 

possible on this wheel spin! (Give p’s a minute to observe). OK are you all set to spin the 

wheel?” 

• Each participant spins the wheel 

•The score for each participant is announced out loud verbally and then recorded 

by the research assistant onto a data record form located on the clipboard that the 

RA was holding.   

 

After the initial wheel spin, participants were then further instructed:   

 “Ok, now we are going to ask you to spin the wheel 5 more times. Remember, you are 

trying to collect the most points possible over these next 5 spins so that you can 

outcompete past players. Remember, you can switch your wheel selection between 

spins!”  

• Participants spin the wheel of his/her choice and the score is announced and                         

recorded.  
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• One participant spins after the other (to enhance the competition) for five 

more spins.  

 

Instructions for the Food Wheel Spin Task (read verbally by the RA):  

“In the next task, we are going to ask you to choose between two different spin wheels. 

The goal is to earn the highest numbers on the wheels so that you can earn the most 

amounts of snacks. For example, if you score a 4 on this wheel spin, you will get 4 

M&Ms, 4 peanuts or 4 crackers (depending on your preference). ” There are two different 

wheels in front of you. Please take a minute to look at the two wheels. Remember, you 

are trying to maximize your chance of earning the most snacks as possible on this wheel 

spin! (Give p’s a minute to observe). OK are you all set to spin the wheel?” 

• Each participant spins the wheel 

• Each participant receives the food rewards earned. 

 

After the initial wheel spin, participants were then further instructed:   

 “Ok, now we are going to ask you to spin the wheel 5 more times. Your highest score 

out of these 5 wheel spins will determine how many snacks you will receive. Try to get 

the most amounts of points as possible on each wheel spin. Remember: you can switch 

wheels or stay with the same wheel on each turn. It’s completely up to you!  

• Participants take turns spinning the wheel of his/her choice one after the other.  

• Participants are awarded the food reward based on the highest score received out of 

   spins 2-6.  

 

Figure #4 

Parameters of the Food Version of the Wheel Spin Task   

 

                “Safe” Wheel                                            “Risky” Wheel  

*Note: The average number of rewards between the wheels is identical but the two wheels differ 

in terms of standard deviation and variance. The safe wheel: (M = 5.0, SD = .76, R
2
= .57). The 

risky wheel: (M = 5.0, SD = 2.5, R
2
= 6.0). The reward magnitudes were reduced in the food 

reward outcome task to guard against satiation in the study.  
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4.6.2. The Operant Risk Task  

The Operant Risk Task (adapted and modified based on Kohn, Kohn, & Staddon, 1992; 

see Figure #5 and Table #4 below) is a computerized task that was presented via Inquisit 

software (Millisecond Inc.) and was used to measure participant preference for (a) fixed 

versus variable delays to receive rewards and (b) fixed versus variable number of 

rewards earned. During this task, participants chose between pressing two distinct 

keyboard keys: a “constant” key which always provides a constant delay to receive 

rewards or number of rewards (depending on condition) and a “risky” key which 

provides variable delays to receive rewards and variable numbers of rewards. The 

outcome measure on this task is the proportion of responses on both the “constant” and 

“risky” key across three distinct task conditions: 

1. The delay condition: in this condition, the two keys produce an identical 

number of rewards but the constant key provides a fixed duration delay-to-reward 

whereas the risky key provides an even chance of  longer or shorter delays-to-

reward.  

2. The magnitude condition: in this condition, the two keys are identical except 

that the constant key produces a fixed number of rewards on each trial whereas 

the risky key produces an even chance of a larger or smaller number of reward.  

3. The inter-trial interval condition: in this condition, the procedures of the two 

keys are identical except that the constant key provides a constant inter-trial 

interval whereas the risky key provides an even chance of longer or shorter inter-

trial intervals.  

Participants are exposed to each of the three task conditions two times (for a total of six 

different task segments) presented in a randomized order. Across the entire task, the 

global reward rate is the same on the risky and constant key. For example, in the 

magnitude condition, although it takes longer to receive a large number of symbols (a 

large reward), the risky key provides a small number of symbols. In other words, the 

global reward rate on the constant key is identical to the global reward rate on the risky 

key.  

The task is constructed so that participants can easily distinguish the three different 

conditions. In each condition of the task, a unique set of reward “symbols” were used 

depending on whether the participant played for social rewards (i.e., points; e.g., delay 

condition symbol = yellow star, magnitude condition symbol = blue star, inter-trial 

interval condition symbol = red star) or for food rewards (i.e., candy, peanuts, or 

crackers; e.g., delay condition symbol = orange M&Ms, magnitude condition symbol = 

blue M&Ms, inter-trial interval condition symbol = green M&Ms). Following Kohn, et 

al. (1992), during the magnitude condition a random-frequency “beep” sound occurs as 

each symbol appeared on the screen. This enhances a sense of the number of symbols as 

they appear on the screen. To successfully complete this task, participants must place 

1000 symbols on the screen.   
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In the Social Points version of the task, participants move up one level in the game for 

every 50 points that are earned (1000/50 = 20 potential levels may be reached in the 

social points version of the game). In the Food Version of this task, participants receive 

one lever-pull of snacks from a snack dispenser located next the computer station for 

every 50 symbols (1000/50 = 20 potential lever pulls on the food dispenser are possible). 

Each trial in both versions of the task provides participants with an average of eight 

symbols (although the variance differs between the constant and risky key). A typical 

session includes 125 trials (8 symbols/trial x 125 trials = 1000 symbols). The task 

typically takes about 35 minutes to complete. 

Figure #5 
Schematic of Operant Risk Task Procedure (Social and Food Versions) 

 

 

Table 4 

Choice Operant Risk Task Parameters 

Task Condition Key # rewards delay (sec) ITI (sec) 

 

Delay to reward constant 

risky 

8 

8 

5 

1-9  

8 

8 

 

Magnitude constant 

risky 

8 

1-15  

0.2 

0.2 

8 

8 

 

ITI  constant 

risky 

8 

8 

0.2 

0.2 

8 

1-15 

Note. Participants are exposed to each task condition twice during the game.   

Like the Wheel Spin Risk Task, participants were administered either a Social Points 

Version of the task or a Food Version of the task. The parameters of both versions of the task 

were identical (see Table I); the only difference between the two versions is if participants earn 

“points” to climb up levels in the game (50 per level advancement) or food symbols” to 

accumulate the sufficient number needed to gain access to a food dispenser located to the left of 

the computer (see image below) which provides the option of three potential food rewards (50 



49 

 

 

 

symbols per food dispenser access; see Figure #6 below for a picture of the food dispenser used 

in the study). Participant task instructions varied depending on which type of reward participants 

were trying to access. Instructions were presented on the computer screen as well as read 

verbally by the RA. 

Figure #6  

Food dispenser used in the study 

 

Note. The food dispenser contained three different food options: M&Ms, peanuts, and small soup 

crackers. It was located to the left of the computer station. Participants used a small disposable 

snack cup to collect their snack rewards as they progressed through the task. The game “paused” 

while the participant collected their food. Participants were instructed via the computer game to 

consume their awarded food and then to press the spacebar to continue playing the game.  

 

Social Points Operant Risk Task Participant Instructions (read verbally by RA and presented 

on screen):  

“In this experiment, you will play a simple video game. There are two keyboard buttons 

highlighted in front of you, the “A” and the “L” keys.  When you press either of them, 

you will earn a number of points that will be shown on the screen. Your goal is to try to 

earn as many points as you possibly can and to out-compete the other players who have 

played this game before you. For every 50 points that you earn, you will advance one 

level in the game. Try to accumulate as many points as possible so that you can reach the 

highest level in the game and out-compete all of the past players.   

The two keyboard keys may produce a different number of points, or they may involve a 

different time delay to receive the points. It is up to you to figure out which key helps you 

gather the all of the food or points in the shortest time.  The keys are independent of each 

other and do not interact in any way, so there is no need to look for a secret pattern.  

Please feel free to look these instructions over on your own. You may press the space bar 

when you feel ready to begin. I will be sitting outside and will be back when the game is 

over. Do you have any questions?    
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Food Rewards Operant Risk Task Participant Instructions (read verbally by RA and presented 

on screen): 

“In this experiment, you will play a simple video game. There are two keyboard buttons 

highlighted in front of you, the “A key” and the “L” Key. When you press either of them, 

a number of symbols will appear on the screen. Your goal is to fill the screen with 

symbols as quickly as possible. Once you have earned 50 symbols, you will be notified to 

turn to the left and to pull on the snack dispenser one time to release the snack of your 

choice: M&Ms, crackers, or peanuts. Once you fill the entire screen with symbols, the 

game will end. Do your best to get as many symbols as quickly as possible so that you 

can earn access to the snack dispenser and to the snack of your choice! 

The two keyboard keys may produce a different number of symbols, or they may involve 

a different time delay. It is up to you to figure out which key helps you gather all of the 

food in the shortest time. The keys are independent of each other and do not interact in 

any way, so there is no need to look for a secret pattern. Do you have any questions? 

Please put the headphones on and begin the task when you are ready to do so. I will be 

outside and I will come back into the room when the task is over.” 

Participants were seated at private individual computer stations located in a sound-attenuated 

chamber. Participants played the game for thirty-five minutes before being prompted by the RA 

to move on to the next portion of the study.  

Table #5 (Repeated to Summarize)  

Overview of Groups and Sequence of Procedures (8 Groups Total)   

Group Session 1 Session 2 Session 2 Session 2  Session 2 

 

1 

N = 30 

(Domain- 

Specific) 

 

Surveys Rejection: 

Writing  

Rejection: 

Cyberball 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

2 

N = 30 

(Domain- 

Specific) 

 

Surveys No Rejection: 

Writing  

No Rejection: 

Cyberball 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

3 

N = 30 

(Cross-

Domain) 

 

Surveys Rejection: 

Writing 

Rejection: 

Cyberball 

Wheel Spin 

Task (Food ) 

Operant Risk 

Task (Food) 

4 

N = 30 

(Cross-

Domain) 

Surveys No Rejection: 

Writing 

No Rejection: 

Cyberball 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 
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5 

N = 32 

(Domain- 

Specific) 

 

Surveys Energy 

Deprived: 

Seltzer Water 

Food Crisis 

Slideshow 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 

6 

N = 32 

(Domain- 

Specific) 

 

Surveys Energy Non-

Deprived: 

Sprite 

 

UofA 

Slideshow 

Wheel Spin 

Task (Food) 

Operant Risk 

Task (Food) 

7 

N = 33 

(Cross-

Domain) 

 

Surveys Energy 

Deprived: 

Seltzer Water 

Food Crisis 

Slideshow 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

8 

N = 30 

(Cross-

Domain) 

Surveys Energy Non-

Deprived: 

Sprite 

 

UofA 

Slideshow 

Wheel Spin 

Task 

(Social) 

Operant Risk 

Task (Social) 

Note. Eight groups total so as to test for domain generality versus domain specificity of risk-

taking behavior.  

4.7. Statistical Analyses 

The statistical analysis used in this research had one major goal: to assess an integrated 

model of human risk-taking behavior. The theoretical models shown in Figure # XX at the end of 

the introduction section provide a visual depiction of the main predictions of the study. Inclusive 

Moderation Model #1 was tested against the Restricted Main Effects Only Model #2 via the 

hierarchical partitioning of variance via means of nested model comparison. This is a path 

analytic technique where both models are compared to one another in order to determine the 

variance explained by each model while simultaneously balancing model parsimony. Essentially, 

this allows for the analysis of each predictor variable’s contribution to the overall explanatory 

power of the model while maintaining model simplicity. This method allows one to determine 

the “essentialness” of each of the predictors by calculating an F-ratio of the difference between 

the full model (inclusive) and the model missing the variable being tested (restricted).  

The results of this analysis led to the necessity of testing for the specific main effects 

between the predictors and the various outcomes. In order to model the theoretically-specified 

cascade model of main effects, Sequential Canonical Analysis was used (SEQCA; Figueredo & 

Gorsuch, 2007). SEQCA is essentially a series of multiple regressions that isolates the effects of 

predictor variables sequentially on each of the outcome variables, controlling for all indirect 

effects through the prior outcome variables. As a result, the estimated effect of each predictor 

variable is limited to its direct effect on each successive outcome variable. The only theoretical 

specification required is a tentative specification of the causal order: one for the predictor 

variables and one for the outcome variables. This statistical technique was utilized for several 

reasons:  
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 a) This thesis is focused on theory-construction (not theory confirmation). Without strong 

theoretical grounds, confirmatory methods such as structural equations modeling (SEM) are 

inappropriate.  

 b) The experimental manipulations reflect categorical variables (i.e. deprivation versus no 

deprivation). The SEQCA easily allows for the examination of effect of each of the experimental 

manipulations on each of the risk-taking outcome variables.  

 c) The SEQCA allows for a test on randomization to group/condition. Should there be a 

significant effect between the early-life self-report variables (i.e., harshness, unpredictability, or 

LH strategy) and assignment to experimental condition, this method permits identification of the 

non-equivalent groups result as well as statistically controls for it moving forward in the 

analyses. 

 d) The SEQCA is a conservative statistical analysis technique.  

All variables were standardized, unit-weighted factors were created, and Pearson correlation 

coefficients were estimated using SAS 9.3; sequential canonical analyses were calculated using 

Unimult 2 statistical software package.  

4.7.1 Data Preparation 

Two hundred and forty seven (N=247) participants completed the mixed design (i.e. quasi and 

experimental) study described in this thesis.  All data entry was checked by multiple research 

assistants using a randomized checking procedure. Any cases with errors were deleted and 

completely re-entered from the raw data folder. Ranges for all key variables in the dataset were 

checked to ensure the ranges were within appropriate bounds. The data for the key risk-taking 

outcome variables yielded no problematic outliers. Because risk-taking on the Wheel Spin Risk 

task was a dichotomous choice that was averaged to produce a risk-taking score, participant 

values all ranged from 1-2. Similarly, because the Operant Risk Task assessed the proportion of 

risky key presses during the task conditions, participant proportions all ranged from values of 0 

to .10. Histograms were observed and the behavioral data on these tasks were normally 

distributed. No outliers were removed from the data due to restriction of range on these 

proportional values (see Smith, 1992).  

 

Additionally, because this was a two-part laboratory study, there was little missing-data on the 

surveys (Missing Value Analysis = less than 5% of data missing completely at random) as 

participants completed them in-person in the lab. For the purpose of descriptive statistics, all 

cases in the sample (N=247) were included. Later on, when the higher-order factors (Harshness, 

Unpredictability, and LH Strategy) are created and the proposed study models are tested against 

each either via the Sequential Canonical Analysis (SEQCA) procedure, any cases with missing 

data on the risk-taking outcome task variables (usually due to running out of time on the task) 

were removed due to the no missing data requirements imposed by SEQCA. The total sample 

size after cases with any missing data on any of the key study outcome variables were removed 

was two-hundred and thirty participants (N=230). This was a minor reduction in the overall 

sample size. The disadvantages of missing data imputation techniques outweighed the benefits 

and the factors were created and models tested using the slightly reduced sample size of N =230 

(Figueredo, McKnight, McKnight, & Sidani, 2000). 
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4.7.2. Factor Construction  

Using the self-reported survey data collected in Session #1 of the study, three factors were 

created by unit-weighting the theoretically specified indicators (Figueredo, McKnight, 

McKnight, & Sidani, 2000; Gorsuch, 1983).  

 

4.7.3. Multivariate Analysis 

The multivariate structural model was structured as a Sequential Canonical Analysis (SEQCA; 

Gorsuch & Figueredo, 1991; Figueredo & Gorsuch, 2007) which controls statistically for any 

indirect effects that the predictors may exert on causally prior outcome variables. The SEQCA 

cascade model was estimated using UniMult2 software package (UM2; Gorsuch 2016). 

In a cascade model, a series of hierarchical multiple regressions is estimated during which the 

multiple outcome variables are analyzed sequentially based on a hypothesized causal order. The 

outcome variables are predicted to casually influence each other and are thus entered 

sequentially into a system of multiple regression equations with each hierarchically prior 

outcome variable entered as the first predictor for the next.  Each successive outcome variable is 

thus predicted from an initial predictor variable, each time entering the immediately preceding 

outcome variable hierarchically as the first predictor, then entering all of the ordered predictors 

from the previous regression equation.  Because each successive regression enters all of the 

preceding outcome variables in reverse casual order, indirect effects that may be transmitted 

through the outcome variables are statistically controlled for. As a result, the estimated effect of 

each predictor variable is limited to its direct effect on each successive outcome variable.  

The following systems of linear equations represent the theoretically-specified cascade model 

using standard path analytic notation. Note that: 

1. The first number represents the outcome variable for that equation 

2. The second number represents the predictor variable.  

3. Betas (β) are the standardized regression weights relating each predictor variable to its 

corresponding Outcome.  

For Example in Equation #1 below: Super-K (3) is predicted by two variables entered 

in reverse causal order as per the hypothesized model: Past Unpredictability (2) and Past 

Harshness (1). The same logic applies for the remaining equations.  

Eq. #1:  Super-K = β32 * Past Unpredictability + β31 * Past Harshness  
 

Eq. #2:  “Deprivation” (Rejected / Energy Deprived or Not) = β43 * Super-K + β42 * Past 

Unpredictability + β41 * Past Harshness    

 

Eq. #3:  Manipulation (Social-inclusion or Energy-budget) = β54 * Deprivation + β53 * Super-K 

+ β52 * Past Unpredictability + β51 * Past Harshness  

Eq. #4:  Task Version (for Points or Food) = β65 * Manipulation + β64 * Deprivation + β63 * 

Super-K + β62 * Past Unpredictability + β61 * Past Harshness  
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Eq. #5:  Average Wheel Risk = β76 * Task Version + β75 * Manipulation + β74 * Deprivation + β73 

* Super-K + β72 * Past Unpredictability + β71 * Past Harshness  

 

Eq. #6:  Risk-taking Delay to Reward = β87*Avg. Wheel Risk + β86 *Task Version + β85 * 

Manipulation    + β84 * Deprivation + β83 * Super-K + β82 * Past Unpredictability + β81 * Past 

Harshness  

Eq. #7:  Risk-taking Magnitude of Reward= β98*Risk-taking Delay to Reward + β97 * Avg. 

Wheel Risk + β96 * Task Version + β95 * Manipulation + β94 * Deprivation + β93 * Super-K + β92 * 

Past Unpredictability + β91 * Past Harshness    

 

Eq. #8:  Risk-taking Intertrial-Interval = β109 * Risk-taking Magnitude of Reward + β108 *   Risk-

taking Delay to Reward + β107 * Avg. Wheel Risk + β106 * Task Version + β105 * Manipulation + 

β104 *     Deprivation + β103 * Super-K + β102 * Past Unpredictability + β101 *   Past Harshness  

 

5.0. Results 

5.1. Sample Statistics  

Tables #6 and #7 show the sample sizes for each group in the Social (N=120) and the Food 

(N=127) conditions. There were eight groups. Two hundred forty seven participants completed 

the study (N= 247).  

Table# 6 

Sample Size of Social-inclusion Conditions 

Social-inclusion Group  N  

 

Social Rejection  Points Risk Tasks 30 

Non-Rejection  Points Risk Tasks 30 

Social Rejection  Food Risk Tasks 30 

Non-Rejection  Food Risk Tasks 

Total N  

30 

120 

 

 

Table# 7  

Sample Size of Energy-budget Conditions 

Energy-budget Groups N  

Energy Deprivation  Food Risk Tasks 32 

Energy Non-Deprived  Food Risk Tasks 32 

Energy Deprivation  Point Risk Tasks 33 

Energy Non-Deprived  Point Risk Tasks 

Total N 

30 

127 
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5.2. Manipulation Check Results 

Tables # 8, 9, and 10 show the results of the manipulation checks for the groups in the Social-

inclusion and Energy-budget Conditions. Table #8 shows the results of an independent samples 

t-test comparing the pre- manipulation self-esteem scores of the participants in the social 

rejection and non-rejection conditions. No statistically significant was detected between 

participant levels of self-reported self-esteem before the Social-inclusion manipulation.  

Participants who wrote about beings socially rejected and who played the exclusion version of 

Cyberball reported a significantly lower sense of belonging and lower mood than did participants 

in the neutral non-rejection condition.   

5.2.1. Social Manipulation Check Results 

Table #8 

T-Test Results Comparing Groups Pre and Post Social Manipulations (Rejection =1)  

Measure t-value df p value 

 

Mean Difference r
2
 Cohen’s d 

Pre-Self Esteem .524 118 .601 .53 .05 .10 

Post-Belonging -12.25 118 .000* 3.02 .75 -2.26 

Post-Mood -3.10 115 .002* 1.17 .28 -.58 

* p < .05 

Note. N= 118-115 (due to missing data on Post-Mood Survey) 

 

5.2.2. Energy-budget Manipulation Check Results 

Table #9 shows the results from the two self-report questions that were asked of participants in 

the Energy-budget Conditions regarding whether or not they had complied with the fasting 

procedure that instructed participants to refrain from food and non-water beverage consumption 

beginning at 10:00pm the night before their morning appointment at 9:30am.The first question 

asked participants “How many hours has it been since you last consumed food?”  The second 

question asked participants “How hungry do you feel right now?” on a Likert scale that ranged 

from 1 (not at all hungry) to 7 (extremely hungry). The results indicate participants in the 

Energy-budget Groups complied with the fasting procedure and that they felt moderately hungry 

upon arrival to the laboratory.  
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Fasting Compliance Check:  

Table # 9 

Self-Reported Fasting Compliance  

Response N M SD 

 

How many hours since you last 

ate food?  

 

123 12.6 3.8 

How hungry do you feel? 

 
123 4.7 1.2 

Missing:                                4   

Total N 127   

 

Table #10 shows the results of a survey question asked at the end of the study which asks “Did 

you comply with the fasting instructions from Session #1?” Participants are told that there is no 

penalty for having not have complied and that it is critical that they respond honestly to this 

question for the purposes of our study. Overall, participants self-report a high level of 

compliance with the fasting procedure as the mean number of hours having passed since last 

food consumption is 12.6 and 96% of the sample responding “Yes” to compliance with the 

fasting procedure.  

  Table # 10 

 

*Note: Analyses were run with and without the one non-complier and were shown to have no 

significant influence on the results of the tested model.   

 

5.3. Risk-Taking Outcome Tasks: Descriptive Statistics 

The following figures depict the mean risk-taking scores on the Operant Risk Task and 

for the Wheel Spin Risk Task for the Social and Energy-budget Conditions of the study. 

Depending upon condition, participants either competed for social rewards in the form of points 

or for food rewards in the form of M&Ms, peanuts, or crackers. The reader is cautioned to solely 

interpret these figures descriptively. Although the graphs may show visually appealing patterns, 

the test of the proposed model demonstrated some of these apparent differences to be non-

significant. As a result, these figures are meant for descriptive purposes only. The fully proposed 

model is tested further down in the results section.  

Did you comply with the fasting instructions? 

Response Frequency Percent 

"Yes I did" 

*"No, I did not" 

 122 96.0% 

 1 1% 

Missing  4            3% 

Total N 127           100% 
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Figure #7 below shows the mean proportion of “risky” key presses across different 

Social-inclusion conditions of the study on the Operant Risk Task.  The proportion of “risky” 

key presses is represented on the y-axis and ranges from 0 (i.e. never selecting the risky variable 

key) and 1.0 (i.e. always selecting the risky variable key). The x-axis indicates the group being 

assessed across the three conditions in the Operant Risk Task: risk-taking for duration delay to 

receive reward, risk-taking for reward magnitude, and risk-taking for inter-trial interval 

duration. The x-axis also indicates the version of the Operant Risk Task that was played (i.e. if 

participants were playing for point rewards or for food rewards).  

Figure #7:  

Social-inclusion Groups: Mean Proportion of Risky Key Presses across Operant Risk Task 

Conditions 
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Figure #8 below shows the mean proportion of “risky” key presses across different 

Energy-budget Conditions of the study on the Operant Risk Task.  The proportion of “risky” key 

presses is represented on the y-axis and ranges from 0 (i.e. never selecting the risky variable key) 

and 1.0 (always selecting the risky variable key). The x-axis indicates the group being assessed 

across the three conditions in the Operant Risk Task: risk-taking for duration delay to receive 

reward, risk-taking for reward magnitude, and risk-taking for inter-trial interval duration The x-

axis also indicates the version of the Operant Risk Task that was played (i.e.  if participants were 

playing for point rewards or for food rewards).  

Figure #8: 

Energy-budget Groups: Mean Proportion of Risky Key Presses across Operant Risk Task 

Conditions 

 

 

 

 

 

 

 



59 

 

 

 

Figure #9 below shows the average risk-taking score on the Wheel Spin Risk Task for 

each group in each of the Social-inclusion conditions of the study (indicated on x-axis). The risk-

taking score is indicated on the y-axis and ranges from 1 (no risk-taking, always selecting the 

“safe” wheel) to 2 (high risk-taking, always selecting the “risky” wheel). This number was 

obtained by taking all six wheel spins by the participant and computing an average score with 

lower numbers indicating risk-aversion on the Wheel Spin Risk Task and higher numbers 

indicating risk-taking on the Wheel Spin Task. The x-axis also indicates the version of the Wheel 

Spin Risk Task that was played (i.e. if participants were playing for point rewards or for food 

rewards). 

Figure #9 

Social-inclusion Groups: Mean Risk-taking Score on Wheel Spin Task  
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Figure #10 below shows the average risk-taking score on the Wheel Spin Risk Task for 

each group in each of the Energy-budget conditions of the study (indicated on x-axis). The risk-

taking score is indicated on the y-axis and ranges from 1 (no risk-taking, always selecting the 

“safe” wheel) to 2 (high risk-taking, always selecting the “risky” wheel). This number was 

obtained by taking all six wheel spins by the participant and computing an average score with 

lower numbers indicating risk-aversion on the Wheel Spin Risk Task and higher numbers 

indicating risk-taking on the Wheel Spin Task. The x-axis also indicates the version of the Wheel 

Spin Risk Task that was played (i.e. if participants were playing for point rewards or for food 

rewards). 

Figure #10 

Energy-budget Groups: Mean Risk-taking Score on Wheel Spin Task  
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5.4. The Measurement Model 

A hierarchical analytical strategy was used to construct the measurement model using 

SAS 9.1.3 (SAS Institute, 2005). Using PROC STANDARD and DATA, unit-weighted 

composite scores were estimated by calculating: (1) the means of the standardized cores for all 

non-missing items on each subscale, (2) the means of the standardized scores for all non-missing 

subscales on each scale, and (3) the means of the standardized scores for all non-missing scales 

on each factor (Figueredo, McKnight, and Sidani, 2000; Gorsuch, 1983). The Cronbach’s alphas 

and the part-whole correlations of the scales with the united-weighted factor scales were 

computed using PROC CORR.  

1. Life History Strategy “Super-K” Factor: the Super-K factor is a composite of three 

convergent indicators of human LH strategy: The Mini-K, the lower-order Covitality factor 

which is comprised of the SF-36 Physical and Mental Health Subscales, and a General Factor of 

Personality derived from the TIPI. Details regarding these instruments can be found earlier in the 

methods section where the specific materials and surveys are described. Table #11 shows the 

reliability and validity estimates for each indicator contributing to the Super-K factor.  

Table: #11 

Life History Strategy “Super-K” Factor: Reliability and Validity 

Scale Cronbach’s α Super-K Part-Whole 

Correlation 

   

Covitality  

(SF-36 Physical and 

Mental Health) 

 

.87 0.83*** 

Mini-K  .76 0.74*** 

 

General Personality 

(TIPI) 

.50 0.79*** 

Note. ***p < .001 

 

2. Past Harshness Factor: Due to restriction in the diversity of the sample (i.e. a university 

sample consisting of many individuals from less harsh and more stable backgrounds), traditional 

indicators of environmental harshness (e.g., indicators of early-life mortality) could not be 

effectively used to create the standard Past Harshness factor that has been used widely across the 

literature (see Ellis 2009; Brumbach, Ellis, & Figueredo, 2009; Belsky, Schlomer, & Ellis, 2012). 

As a result, for the purposes of evaluating the study predictions in this sample, a Past Harshness 

factor was constructed relying more heavily on measures of parental and economic harshness 

experienced in early-life.  

The Past Harshness factor is a composite of three convergent indicators of past exposure to 

harshness: (1) A Maternal Harshness lower-order factor that was comprised of Maternal Warmth 

(reverse-coded) and Maternal Aggression scores derived from the Conflict Tactics Scale 

described in detail in the methods section. (2) A Paternal Harshness lower-order factor that was 
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comprised of Paternal Warmth (reverse-coded) and Paternal Aggression scores derived from the 

Conflict Tactics Scale described in detail in the methods section and (3) The mean score on the 

Early-life Economic Harshness subscale of the EEQ that was described in detail in the methods 

section of the current paper. Table #12 shows the reliability and validity estimates for each 

indicator contributing to the Paternal Harshness factor.  

 

Table: #12 

“Past Harshness Factor”: Reliability and Validity 

Scale Cronbach’s α Past Harshness Part-Whole 

Correlation 

   

Maternal Harshness 

 

.89 .78*** 

Paternal Harshness 

  

.88 .75*** 

Early-life Economic 

Harshness (EEQ) 

.66 .71*** 

Note. ***p < .001 

 

3. Past Unpredictability Factor: Due to restriction in the diversity of the sample (i.e. a university 

sample consisting of many individuals less harsh and more stable backgrounds), traditional 

indicators of environmental unpredictability (e.g., number of paternal transitions, parental job 

changes) could not be effectively used to create the standard Past Unpredictability factor that has 

been used widely across the literature (see Ellis 2009; Brumbach, Ellis, & Figueredo, 2009; 

Belsky, Schlomer, & Ellis, 2012; Sung, Griskevicius, Kuo, Sung, & Collins, 2012). As a result, 

for the purposes of evaluating the study predictions in this sample, a Past Unpredictability factor 

was constructed relying on measures of neighborhood danger, economic unpredictability, and the 

number of residential changes experienced before age sixteen.  

The Past Unpredictability factor is a composite of three convergent indicators of past exposure 

to Unpredictability: (1) the mean score on the Early-life Economic Unpredictability subscale of 

the EEQ, (2) the mean score on the Past Neighborhood Violence Scale, and (3) the number of 

residential changes that the participant experienced prior to the age of sixteen. Table 13 shows 

the reliability and validity estimates for each indicator contributing to the Past Unpredictability 

factor.  
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Table: #13 

“Past Unpredictability “Factor: Reliability and Validity 

Scale Cronbach’s α Past Part-Whole Correlation 

   

Early-life Economic 

Unpredictability 

(EEQ) 

 

.69 0.76*** 

Past Neighborhood 

Violence 

  

.85 0.73*** 

 

# of Residential 

Changes 

----- 0.62*** 

Note. *p < .05 

 

Bivariate Correlation Coefficients Between Factors  

Table #14 presents a correlation matrix of the predictor factors used in the present study. The 

correlations between Super-K and Past Harshness (r= -.341, p <.001) and Past Harshness and 

Past Unpredictability (r=.612, p<.001) were both significant.  

 

Table # 14 

Bivariate Correlations Among Factors  

 Super-K 

Past 

Unpredictability Past Harshness 

Super-K Correlation 1   

Sig.     

N 230   

     

Past 

Unpredictability 

Correlation -.127 1  

Sig.  .054   

N 230 230  

     

Past Harshness Correlation -.341
*
   .612

*
 1 

Sig.  .000 .000  

N 230 230 230 

*. Correlation is significant at the 0.05 level (2-tailed). 
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5.5. The Structural Model  

Table #15 presents a bivariate correlation matrix of the risk-taking outcome variables 

from the Wheel Spin Risk Task and the Operant Risk Task. There are four risk-taking variables: 

selection of the risky key in the operant task during (1) the delay condition, (2) the magnitude 

condition, (3) the inter-trial interval condition, and (4) participant selection of the risky wheel 

during the wheel-spin task. The correlation between risk-taking during the delay and inter-trial 

interval condition (r= .212, p< .001) is significant and not surprisingly because both conditions 

assess risk-taking for time. All of the other correlations between the outcome measures are non-

significant and expected to be so given that each condition assesses a different context of risk-

taking (i.e., temporal duration to reward versus magnitude of reward) (this is well-supported by 

past research, see Kohn, Kohn, & Staddon, 1992).  Given these results, the construction of a 

higher-order factor for the risk-taking outcome variables is non-appropriate. As a result, the 

analyses conducted to test the study predictions will evaluate each of these risk-taking outcome 

variables separately.  

Table #15 

 

 

 

 

Bivariate Correlations Among the Risk-Taking Outcome Variables 

 

Risky Key 

Delay 

Condition 

 

Risky Key 

Magnitude 

Condition 

 

Risky Key 

ITI 

Condition 

 

Wheel Risk 

 

Risky Key 

Delay Condition 

 

 

Correlation 1 .020   .212
*
   -.028 

Sig.   .759 .001 .672 

N                                                     240 239 235 

 

237 

Risky Key 

 Magnitude Condition 

 

 

Correlation  1 .107 .110 

Sig.    .101 .090 

N 
 

240 235 237 

Risky Key 

ITI Condition 

Correlation   1 .072 

Sig.     .270 

N   237 234 

 

Wheel Risk 

 

 

Correlation 
   

 

1 

Sig.      

N    244 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Testing Inclusive Moderation Model 1 against Restricted Main-Effects Only Model 2  

 

Table #16 below shows the results from testing the fully specified Model 1 against the 

restricted Model 2. These two models were tested via hierarchical partitioning of variance by 

means of a nested model comparison (a path analytic method which was described previously in 

the methods section). Put simply, the inclusive model is compared against the simpler restricted 

model to determine if the individual predictors within the model are essential. This technique 

examines the predictor’s contribution to overall explanatory power while simultaneously 

attempting to balance model parsimony.  As can be seen, none of the interactions or predicted 

moderation effects was statistically significant, indicating that the inclusive model was not a 

superior model than the restricted model (both in terms of predictive power and parsimony). As a 

result, the Restricted Main-Effects Only Model 2 was subsequently tested.  

 

Table #16  

Statistical Results Testing Model 1 Against Model 2  

Risk-Taking 

Variable 

Inclusive 

Model    

Restricted 

Model        

 

Delta R
2
    Numerator    F (25, 211) p  

Delay to reward .141 .043 .098 .004 .005 1.0 

       

Reward magnitude .120 .033 .087 .003 .003 1.0 

       

Inter-trial interval .202 .037 .165 .006 .008 1.0 

       

Spin wheel task  .172 .098 .074 .003 .004 1.0 

*Note: all of the model interactions were collectively non-significant. 

 

Sequential Canonical Cascade Model: Model #2  

Table # 17 below includes the summary and parameter estimates for each successive step of the 

sequential canonical cascade model testing for the main effects in Model #2. The parameter 

estimates were the semi partial correlation coefficients (see Cohen, Cohen, West, & Aiken, 

1983), statistically controlled within equations for all of the hierarchically prior predictor 

variables, and statistically controlled between equations for all hierarchically prior outcome 

variables. Significant main effects are bolded for ease of reading.   
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Table #17  

Hierarchical (Sequential) Multiple Regression Analysis for the Outcome Variables 

Variables Effect Size    C.I. (90%) F-Ratio ndf, ddf p 

 

Overall (V= .228) 

 

 

E = .17 

 

.00, .41 

 

3.55 

 

16, 442 

 

<.0001 

 

Equation 1: Outcome Variable = Super-K 

 

Past Harshness r = -.34 -.45, -.22 30.20  1, 227 <.0001 

 

Past Unpredictability r = .10 -.03, .23 2.77  1, 227 .10 

 

Equation 2: Outcome Variable: Deprivation (Yes or No? Applies to Social and to Energy-budget 

Groups.)  

Prior Outcome Variable:  

Super-K                             r = -.05               -.18, .08                 .50                     1, 226                    .48 

 

Predictor Variables:  

Past Harshness r = .05 -.09, .17 .47  1, 226 .49 

 

Past Unpredictability r = .08 -.05, .21 1.55  1, 226 .22 

 

Equation 3: Outcome Variable: Manipulation Type (Social or Food)  

 

Prior Outcome Variables:  

 

Super-K                             

 

r = .01                 -.12, .14               .03                     1, 125                     .87 

 

Deprivation r = -.01                -.14, .12               .02                     1, 225                     .90 

 

Predictor Variables: 

 

Past Harshness r = -.15 -.28, -.02 5.35 1, 225 .02 

 

Past Unpredictability r = -.11 -.23, .02 2.63 1, 225 .11 
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Equation 4: Outcome Variable: Risk Task Version (Food or Social Version)  

 

Prior Outcome Variables:  

 

Super-K                             

 

r = .07                  -.06, .20               1.27                   1, 224                   .26 

Deprivation                   r = .00                  -.13 .13                                   .00 1, 124                   .90 

Manipulation          r = .02                 -.11, .15                     .06               1, 224                   .80 

Predictor Variables:  

Past Harshness r = .07 -.06, .20 1.24 1, 220 .27 

 

Past Unpredictability r = -.11 -.02, .23 2.56 1, 224 .11 

 

Equation 5: Outcome Variable: Average Wheel Spin Risk   

 

Prior Outcome Variables:  

 

Super-K                             

 

r = -.18                 -.31, -.05                  8.25               1, 223                   .004 

Deprivation                  r = .00                  -.13 .13                                         .00          1, 123      .90 

Manipulation                r = -.08                 -.21, .05                1.75                  1, 223                   .19 

Task                     r = .19                              .06, .31           8.70            1, 223                  .004 

Predictor Variables: 

Past Harshness r = .08 -.05, .20 1.42 1, 220 .23 

 

Past Unpredictability r = .07 -.06, .20 1.17 1, 224 .28 

 

Equation 6: Outcome Variable: Risk-taking for Delay to Reward    

 

Prior Outcome Variables:  

 

Super-K                             

 

r = -.02                 -.15, .11                 .06                                   1, 222   .81 
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Deprivation          r = -.04                  -.17 .09                              .00       1, 122                   .90 

Manipulation               r = .02                  -.11, .15                1.75                   1, 222                  .19 

Risk Task Version                                        r = -.18                   -.30, -.05             7.52                  1, 222                  .007 

Avg.Wheel Spin Risk       r = -.05                  -.18, .08                 .64                   1, 222                   .42           

Predictor Variables: 

Past Unpredictability r = -.11 -.24, .02 3.02 1, 222 .08 

 

Equation 7: Outcome Variable: Risk-Taking for Magnitude of Reward    

Prior Outcome Variables:  

Super-K                             

 

r = .03                  -.10, .16                 .20                    1, 221                     .65 

Deprivation                 r = .13                    .00, .26                  3.89                  1, 121                    .05 

Manipulation            r = -.05                 -.18, .08                          .56             1, 221                 .45 

Risk Task Version                                r = -.09                  -.22, .04                1.92                  1, 221                    .17 

Avg.Wheel Spin Risk       

 

r = .07                  -.06, .20                        1.19           1, 221                    .28           

Risk-Taking Delay           

 

r = .01                  -.12, .14                                      .02         1, 221         .89 

Predictor Variables: 

Past Harshness r = .02 -.11, .15 .13 1, 221 .72 

 

Past Unpredictability r = .02 -.11, .15 .09 1, 221 .76 

Equation 8: Outcome Variable: Risk-Taking for Intertrial-Interval Length 

Prior Outcome Variables:  

Super-K                             

 

r = -.02                  -.15, .11                 .13                  1, 220                    .71 

Past Harshness r = .03    -.10, .16    .28 1, 222 .60 
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Deprivation           

        

r = -.05                    -18 .08                  .66                  1, 120                    .42 

Manipulation             r = .05                   -.08, .17                 .50                   1, 220                    .48 

Risk Task Version                  r = -.10                  -.23, .03                2.60                  1, 220                    .11 

Avg.Wheel Spin Risk       

 

r = .04                   -.09, .17                  .33                  1, 220                    .57           

Risk-Taking Delay           

 

r = .18                     .05, .30                  7.56                1, 220                    .006 

Risk-Taking 

Magnitude   

r = .08                    -.05, .21                  1.52                              1, 120     .22 

Predictor Variables: 

Past Harshness r = .08 -.05, .21   1.64 1, 220 .20 

 

Past Unpredictability r = -.09 -.22, .04 2.05 1, 220 .15 

Note: N=230 (cases with missing data on key outcome variables removed prior to analysis). 

Outcome variables are cascaded in that the outcome variables are statistically controlled in 

reverse order for path analysis applications 

 

 

The first set of results shown in this table indicates that the pooled multivariate effect size 

(Pillai-Bartlett V) for the model was moderate. This is an omnibus null hypothesis significance 

test, analogous to those of the entire model R
2
 in multiple regression and the entire model Eta

2 
in 

analysis of variance, that includes all the model Predictor variables as well as Outcome variables.  

The V statistic therefore serves as a protective overall test of significance for the model as a 

whole. The results that follow are organized by each of the successive Outcome variables in the 

hypothesized hierarchical order.  

 

Equation 1 reports the results of each of the hypothesis tests for the predictors of Super-

K. Super-K is significantly predicted by Past Harshness but not by Past Unpredictability.  In 

Equation 2, Deprivation was not significantly predicted by the prior Outcome variable, Super-K, 

or by either of the two predictor variables, Past Harshness and Past Unpredictability. In 

Equation 3, Manipulation Type (i.e. Social or Food) was significantly predicted by Past 

Harshness. More specifically, participants that self-reported higher levels of Past Harshness 

were more likely to be assigned to the Social-inclusion Manipulations (i.e. rejection or non-

rejection) than to the Energy-budget Manipulations (i.e. the blood-sugar level manipulation via 

beverage consumption). Speculation about why this might have occurred follows in the 

Discussion section. In Equation 4, Risk Task Version (i.e. Social or Food) was not predicted by 

any of the prior predictor variables. In Equation 5, Wheel Spin Risk Task performance was 

significantly predicted by Super-K with faster LH strategists being significantly more likely to 

select the risky wheel over the safe wheel that their slow LH strategy counterparts. Wheel Spin 
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Risk Task performance was also significantly predicted by Risk Task Version (i.e. Social or Food 

version of the risk-taking tasks) with participants playing the food version behaving more risky 

on the task than those who played the social points version.  In Equation 6, risk-taking during the 

Delay Condition of the Operant Risk Task was predicted by Task Version with participants 

playing for social points selecting the risky key option significantly more than those playing for 

food rewards.  In Equation 7, risk-taking during the Magnitude Condition of the Operant Risk 

Task was predicted by Deprivation (i.e. deprived or non-deprived) with individuals in the 

deprived study conditions selecting the risky key option at a significantly higher rate than those 

participants assigned to non-deprivation conditions in the study.  In Equation 8, there were no 

statistically significant main effects for any of the predictor variables on the Intertrial Interval 

Condition of the operant risk-task aside from its significant association with the Delay Condition 

of the task which is to be expected because they both assess a form of risk-taking for temporal 

intervals as opposed to amount or magnitude of reward.   

 

Figure #11 

Conceptual Model of Obtained Results  

 

Note. The bold red lines signal the predicted main effects that were statistically significant as 

determined by the results of the sequential canonical analysis. The black dashed lines signal 

predicted effects that were not statistically supported.  
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6.0. Discussion 

The statistical techniques used in this research were selected to test predictions contained 

in the two proposed models: The Inclusive Moderation Model #1 and The Restricted “Main 

Effects Only” Model #2 which were first presented along with specific predictions at the end of 

the Introduction section of the thesis. I will now walk through the separate models and the 

predictions of each model to summarize which predictions were or were not supported based on 

the analyses described in the Results section. Following this, the strengths and limitations of the 

study will be discussed as well as potential directions for future research in this area of inquiry.  

 

6.1. Results Summary: Inclusive Moderation Model #1 

 

As shown in Table #14 and Figure #11 in the Results section, there was no statistical 

support for any moderating effects between the quasi-experimental variables Past Harshness, 

Past Unpredictability, and Super-K (LH Strategy) and behavior on either of the two risk-taking 

outcome tasks in response to the experimental manipulations. Put differently, participant 

differences in early-life harshness, early-life unpredictability, and LH strategy did not predict 

risk-taking behavior on either of the risk tasks in response to the experimental “resource-budget” 

manipulations used in the study. This finding contradicts the prediction that these various 

dimensions of the early-life environment and LH strategy moderate participant risk-taking 

responses to “resource-budget” manipulations in different domains. It appears that, at least in this 

study, characteristics of a participant’s developmental environment did not moderate risk-taking 

behavior under any of the “resource-budget” experimental manipulations (i.e. social or energy). 

Table #13 presents the results from testing the fully specified Model 1 against the restricted 

Model 2. As can be seen, none of the predicted moderation effects were statistically significant. 

As a result, the Restricted Main-Effects Only Model 2 was subsequently tested to examine 

whether or not there were any direct effects among the various predictor and outcome variables.  

 

6.2. Results Summary: Restricted “Main Effects Only” Model #2  

 

Model #2 was supported by the results from the Sequential Canonical Analysis (SEQCA) 

procedure. First, the overall fit of the model, given the observed data, was statistically significant 

(see omnibus V value and p-value in the Results section). Several significant main effects 

between the various predictor variables and risk-taking behavior on the outcome tasks were 

observed. I will now walk through each of the equations tested in the SEQCA procedure that 

were described in the Methods section where the SEQCA was first described. For each equation, 

statistically significant predictors of the outcome variables are highlighted in yellow. It is 

imperative to note that although the results obtained from the SEQCA analysis are showing 

correlations among various variables in the model, causal language is used so as to generate 

predictions about what one might observe under true experimental circumstances.  

 

Results of Equation 1: Super-K (LH Strategy) = β32 * Past Unpredictability + β31 * Past 

Harshness  

 

Past Harshness, but not Past Unpredictability predicted Super-K (LH Strategy). Put 

differently, variation in self-reported environmental harshness during development and variation 

in LH strategy were significantly related in this sample whereas variation in self-reported 
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environmental unpredictability during development was not related to variation in in LH 

strategy. This finding suggests that, at least in this sample, Past Harshness exerts a more 

powerful influence on the manifestation of one’s LH strategy than does Past Unpredictability. 

This is an interesting finding especially in light of extant theoretical and empirical research that 

has shown the mutual relations among early-life harshness and early-life unpredictability on 

directing and regulating LH strategy (see Brumbach, Figueredo, & Ellis, 2009; Figueredo, 

Brumbach, & Schlomer, 2009; Sung, Simpson, Griskevicius, Kuo, Schlomer, & Belsky, 2016; 

Belsky, Schlomer, & Ellis, 2012).  

The next several regression equations were necessary to examine the assumption that 

pseud-random assignment created equivalent groups across the two experimental manipulations. 

In other words, the followings series of regression equations serves as a check on the 

randomization process and tests the assumption that the observational quasi-experimental 

variables Past Harshness, Past Unpredictability, and Super-K (LH Strategy) are not correlated 

with assignment to either of the  experimental conditions (i.e. the social or energy “resource-

budget” manipulations).  

As can be seen below, there was one statistically significant effect that produced a non-

equivalent groups design. Specifically, Past Harshness was significantly positively correlated 

with the pseudo-randomly assigned social “resource-budget” experimental manipulation. As a 

result, any related effects need to be controlled for statistically. This is why they  were entered as 

outcome variables in the sequential analysis (and then controlled for statistically moving 

forward).  Importantly, no additional significant correlations between the observational quasi-

experimental variables and assignment to the remaining true-experimental conditions 

Deprivation or Risk Task Version were statistically significant.  

 

Results of Equation 2: “Deprivation” (Rejected / Energy Deprived or Not) = β43 * Super-K (LH 

Strategy) + β42 * Past Unpredictability + β41 * Past Harshness    

 

Assignment to experimentally-induced “Deprivation” Condition (i.e., social 

rejection/non-rejection or energy deprived/non-deprived) was not significantly associated with 

any of the quasi-experimental predictor variables in the model. Put differently, the pseudo-

random assignment of participants to Deprivation or Non-Deprivation across the social and 

Energy-budget domains succeeded and there were no statistically detectable differences between 

the Deprivation or Non-Deprivation groups in terms of Past Harshness, Past Unpredictability, or 

LH strategy.  Thus, the groups were statistically equivalent for Deprivation. 

 

Eq. #3:  Manipulation Type (Social-inclusion or Energy-budget) = β54 * Deprivation + β53 * 

Super-K (LH Strategy) + β52 * Past Unpredictability + β51 * Past Harshness 

  

Contrary to expectation, the randomization procedure to experimentally-induced 

resource-budget “Manipulation Type” (i.e., whether or not participants received the social 

“resource-budget” manipulation or the energy “resource-budget” manipulation) was significantly 

correlated with Past Harshness. Specifically, participants who reported greater Past Harshness 

were significantly more likely to experience the Social-inclusion “resource-budget” 

manipulations (i.e. rejection or non-rejection) than the Energy-budget manipulations (i.e. seltzer 

water or Sprite).  
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One potential reason for this result is the timing of the social and energy “resource-

budget” manipulations. As described above, the social manipulations were administered during 

the late spring and summer of 2015 and the Energy-budget manipulations were administered 

during the fall of 2015. Although within each study, participant assignment to condition was 

pseudorandomized, it is possible that the students’ background influence the when they sign up 

and participate in a study. Recent scholarship has demonstrated that the demographics of 

individuals who participate in psychology research pool studies may be related to the timing of 

participation (e.g., the semester, early versus late term recruitment, etc. see Brown et al., 2014 

for a review of this finding across a wide array of literature).  This may have been the case in the 

present study. For example, because research shows that individuals exposed to more early-life 

harshness, unpredictability, and who demonstrate a faster LH strategy tend to be more risk-

seeking, it is possible that they may be more likely to “put off” participation until the very last 

weeks of the semester (e.g., late spring) versus students from less harsh and unpredictable 

background who demonstrate slower LH strategies and who may be more likely to participate in 

the beginning of the term (e.g., early-fall). Simply put, waiting until the end of a term to earn 

research credits to meet a course requirement may reflect in and of itself a form of academic 

“risk-taking.” I may have recruited more fast LH strategy participants with more harsh 

backgrounds into the social manipulation studies run in the late spring and summer than in the 

Energy-budget studies which were run in fall. This is merely one potential possibility for why 

non-equivalent groups were obtained in terms of Past Harshness and Manipulation Type.  

 

The remaining quasi-experimental variables Past Unpredictability and LH strategy 

indicated by Super-K (LH Strategy) were not significantly associated with Manipulation Type. 

Thus, there were no additional significant group differences in terms of these quasi-experimental 

variables between the groups that received the Social Manipulations and the groups that received 

the Energy-budget Manipulations. The non-equivalent group effect was statistically controlled 

for throughout the SECQA analysis (which statistically controls for predictor and outcome 

variables in a sequential hierarchical manner). As a result, the remaining effects in the model 

cannot be attributed to non-equivalent groups.  

 

Eq. #4:  Risk Task Version (for Social Points or Food) = β65 * Manipulation + β64 * Deprivation 

+ β63 * Super-K (LH Strategy) + β62 * Past Unpredictability + β61 * Past Harshness  

 

Participant assignment to Risk Task Version (i.e. social points or food rewards) did not 

significantly correlate with any of the quasi-experimental predictor variables in the model. Put 

differently, the pseudo-random assignment of participants to the social points version of the risk-

taking tasks or to the food rewards version of the risk-taking tasks succeeded and there were no 

significant differences between the groups playing the risk-taking tasks for social points and the 

groups playing the risk-taking tasks for food rewards in terms of Past Harshness, Past 

Unpredictability, or LH strategy. Thus, the groups were statistically equivalent for Risk-Task 

Version.  

 

The following equations tested for main effects between the various predictor variables in 

Model #2 and risk-taking behavior on the risk-taking tasks (while statistically controlling for the 

one non-equivalent group effect found for Manipulation Type above in Eq. #3). Consequently, 
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the significant effects below cannot be attributed to the non-equivalent group effect for 

Manipulation Type.  

 

Eq. #5:  Average Wheel Spin Risk = β76 * Task Version + β75 * Manipulation + β74 * Deprivation 

+ β73 * Super-K (LH Strategy) + β72 * Past Unpredictability + β71 * Past Harshness  

 

 Super-K (LH Strategy) strongly and significantly predicted participant risk-taking 

behavior (computed as an average level of “riskiness” across six spin trials; low scores reflect 

risk aversion and higher scores reflect risk-taking behavior) on the Wheel Spin Risk Task. ) This 

was one of the strongest effects in the entire research study. Specifically, participants with faster 

LH strategies were more likely to select the risky high-variance spin wheel over the safe low 

variance spin wheel across all six wheel spins. This relation remained statistically significant 

regardless of Deprivation condition, Manipulation Type, or Risk Task Version (i.e. points or 

food). Faster LH strategists in our sample selected the risky wheel at a significantly higher rate 

than did slower LH strategists. None of the remaining quasi-experimental or experimental 

variables in the model significantly predicted risk-taking on the Wheel Spin Risk Task. 

  

 Past research demonstrated that faster LH strategy individuals tend to be more risk-prone 

than individuals with slower LH strategy (see Hill, Ross, & Low, 1997; Figueredo et al., 2006; 

Griskevicius et al., 2011 a/b; 2013). The present finding that LH strategists are more likely to 

select the risky spin wheel over the safe spin wheel in an attempt to win either social points and 

outcompete past players or in an attempt to win food rewards  provides two insights. First, this 

finding provides behavioral validation for the relation between LH strategy and risk-proneness 

as measured most often through self-report methods. Secondly, this finding disconfirms, at least 

in this sample, the domain specificity of risk-taking behavior and instead suggests that risk-

taking behavior is domain general. Faster LH strategists were more likely to choose the risky 

spin wheel regardless of the “resource-budget” manipulations that they were exposed to 

experimentally and regardless of whether the Wheel Spin Risk Task was providing social point 

rewards or food rewards. Such a finding supports the domain generality of risk-taking behavior 

at least in this sample and on the Wheel Spin Risk Task.  

 

Eq. #6:  Risk-taking Delay to Reward = β87*Avg. Wheel Risk + β86 *Task Version + β85 * 

Manipulation    + β84 * Deprivation + β83 * Super-K (LH Strategy) + β82 * Past Unpredictability + 

β81 * Past Harshness  

 

Contrary to prediction, none of the quasi-experimental or experimental variables in the 

model significantly predicted risk-taking for Delay to Reward on the Operant Risk Task.  Past 

Harshness, Past Unpredictability, and Super-K (LH Strategy) were not statistically related to 

risk-taking for Delay to Reward. Although some studies have demonstrated a negative 

correlation between having faster LH strategies and the delay of gratification (i.e. taking an 

immediate smaller short-term reward now over a potentially larger long-term reward later), the 

majority of these studies have used self-report data as predictor and financial rewards as outcome 

variables (Griskevicius, et al., 2011). In the foraging literature, there is an absence of empirical 

research examining the relations among the parameters of an individual’s (non-human or human) 

early-life environment (e.g., harshness, unpredictability), LH strategy, and risk-taking 

specifically for duration delays to receive food (or other primary rewards). This may be due to 
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the fact that the majority of studies examining risk-taking for duration delays to rewards are 

conducted in operant learning laboratories and for the most part, do not focus on examining 

individual differences. Nonetheless, the current finding that Past Harshness, Past 

Unpredictability, and Super-K (LH Strategy) failed to predict risk-taking behavior during the 

delay to reward condition of the operant task is inconsistent with the original study prediction. 

As a result, the results of this study are among the first to suggest that the Past Harshness, Past 

Unpredictability, and LH strategy measured psychometrically via Super-K (LH Strategy) do not 

significantly predict temporal risk-taking for time delays to rewards, at least in a controlled 

laboratory setting on Operant Risk Tasks. Whether or not this finding reflects how “wild” 

foragers behave in terms of risk-taking for delay to acquire food or other adaptive resources is 

presently unknown and may be methodologically challenging to carefully study in a “real-world” 

natural setting. 

 

The second finding, that neither of the two experimental “resource-budget” 

manipulations (i.e. either in terms of Social-inclusion or Energy-budget) were related to risk-

taking for Delay to Reward on the Operant Risk Task is partially consistent with past research 

that has shown (mostly in non-humans) that individuals tend to be universally risk-prone with 

regards to delays to receive rewards (typically food; see RST review in the introduction for 

citations supporting this point). Theoretical and empirical scholarship on RST has shown that 

“Energy-budget” status is often unrelated to risk-taking for delay periods to receive food Put 

differently, both a hungry and a satiated animal are likely to demonstrate risk-taking behavior for 

time delays to receive food.  Thus, the “Energy-budget rule” from RST applies less to risk-taking 

for time delays than it does for magnitudes of reward.  

 

 One remaining important finding with regards to risk-taking behavior during the Delay 

to Reward condition of the Operant Risk Task was that participants were significantly more risk-

taking on the social version of the task than on the food version of the task. Put differently, 

participants selected more variable and thus “risky” delay to reward durations on the social 

version of the operant task than on the food version of the operant task. This suggests a specific 

main effect for Task Version on risk-taking for delay to reward with participants taking more 

risks on the social version of the task compared to the food version of the task. Importantly, Task 

Version was pseudorandomized throughout the entire study and there were no sequential 

ordering effects with Task Version as there were with Manipulation Type (described earlier in 

Eq. #3). As a result, it appears, at least in this sample, risk-taking for duration delays to receive 

social points was significantly elevated compared with risk-taking for duration delays to receive 

food rewards. This may be partially explained by a satiation effect whereby participants have 

been more likely to “tire” of the food rewards (i.e. cease to find them motivating and rewarding) 

before “tiring” of the social point rewards (i.e. continuing to find the points motivating and 

reinforcing) and thus may have enhanced risk-taking for social rewards. This is just one 

possibility but more research will be needed before any firm conclusions can be established.  

 

Eq. #7:  Risk-taking for Magnitude of Reward= β98*Risk-taking Delay to Reward + β97 * Avg. 

Wheel Risk + β96 * Task Version + β95 * Manipulation + β94 * Deprivation + β93 * Super-K (LH 

Strategy) + β92 * Past Unpredictability + β91 * Past Harshness    

 



76 

 

 

 

 Past Harshness, Past Unpredictability, and LH Strategy all failed to significantly predict 

risk-taking behavior for Magnitude of Reward on the Operant Risk Task.  The significant effect 

of Deprivation on Risk-taking for Magnitude of Reward was, however, very interesting. 

Specifically, participants exposed to either social rejection or to the low Energy-budget 

deprivation conditions opted for more variable “risky” reward magnitudes at a significantly 

higher rate than did individuals who were not exposed to social or Energy-budget deprivation. 

Put simply, participants deprived of Social-inclusion or of energy took more risks on the 

Magnitude of Reward task compared to participants who were non-deprived.  

 

 The finding that individuals deprived of Social-inclusion or of energy via the “resource-

budget” experimental manipulations is completely consistent with the predictions made by RST, 

namely that organisms should be risk-taking for reward amount when in a current state condition 

of “need” in that area. Specifically, the “Energy-budget rule” from RST states that an organism 

is risk-prone for food amount when hungry and risk-averse for food amount when not hungry. 

Empirical results investigating RST predictions in non-human samples, which usually examine 

foraging for food, show that hungry animals are more risky for food amount than are non-hungry 

animals. The logic behind this is that the risky “variable” option may be the only option that 

allows a hungry animal to meet a survival “threshold” while the safe “fixed” option provides 

simply too little food to survive. As a result, the hungry animal will only survive by gambling on 

the risky “variable” patch of food.  The results of this research suggest that (1) humans who are 

deprived in an adaptive domain are more risky for reward magnitude than are humans who are 

non-deprived (2) the Energy-budget rule does not require a domain specific match between the 

domain of deprivation and the resources/rewards being sought. Individuals deprived of either 

Social-inclusion or of energy were both significantly likely to take risks for social and food 

reward amounts across domains. Put differently, the relation between the deprivation domain and 

the reward domain is domain general in this study: being deprived either socially or of energy 

increased risk-taking for reward amount regardless of whether the reward was social or caloric. 

This is yet another finding in this research that is inconsistent with notions of domain specificity; 

instead the finding supports a domain general approach to human risk-taking, even under 

conditions of current “need.” 

 It is interesting to note that one explanation for this domain-general effect may entail the 

ecological correlation between Social-inclusion and resource-access in contemporary industrial 

society. It is possible that over evolutionary history, these two areas of adaptive “need” have co-

evolved in that access to food was highly correlated with social/group inclusion. Put simply, 

those that were part of the group were also able to access food and other resources and those who 

were ostracized from the group also did not have access to food and other resources.  If that is 

indeed the case, today there will be a high correlation between Social-inclusion and resource-

access which may give rise to the domain-general findings in this study.  

 

Eq. #8:  Risk-taking Intertrial-Interval = β109 * Risk-taking Magnitude of Reward + β108 *  Risk-

taking Delay to Reward + β107 * Avg. Wheel Risk + β106 * Task Version + β105 * Manipulation + 

β104 *     Deprivation + β103 * Super-K (LH Strategy) + β102 * Past Unpredictability + β101 *   Past 

Harshness  

 

Contrary to prediction, none of the quasi-experimental or experimental variables in the 

model significantly predicted risk-taking for Intertrial-Interval on the Operant Risk Task. Not 
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surprisingly however, there was a statistically significant association between risk-taking during 

the Delay to Reward condition of the task and risk-taking during the Intertrial-Interval condition 

of the task. Because both of these operant task conditions assess risk-taking for time (i.e. in terms 

of time rather than magnitude), it is not too surprising to find this association. Aside from this 

finding, there were no other significant predictors of risk-taking for intertrial intervals.  

 

6.3. Overall Results Summary  

 

 Taken together, the results of the current study are inconsistent with (at least in this 

sample) the prediction that Past Harshness, Past Unpredictability, and Super-K (LH strategy) 

each moderate the risk-taking behavior of participants exposed to different “resource-budget” 

experimental manipulations. The predictions of the proposed All Inclusive Moderation Model 

were thus disconfirmed in this sample. The predictions stated by the Restricted “Main-Effects 

Only” Model were partially supported by the data. In terms of the quasi-experimental variables: 

Past Harshness predicted LH Strategy as expected, and LH Strategy was significantly associated 

with risk-taking behavior on the Wheel Spin Risk Task as expected. In terms of the experimental 

“resource-budget” manipulations, both social- and energy-Deprivation significantly affected 

risk-taking for Magnitude of Reward (either social or food rewards) on the Operant Risk Task. 

This effect was the only significant relation observed between the participants’ “resource-

budget” experimental manipulations and risk-taking behavior. This effect is consistent with past 

foraging research based on RST. Importantly, this effect was also domain general, a finding 

inconsistent with domain specificity predictions made earlier in this thesis. Participants deprived 

of either Social-inclusion or of energy were more risk-taking for reward magnitude regardless of 

whether the rewards were social or food-related.  

 

Other noteworthy effects that were non-central to main hypotheses of the study were that: 

(1) risk-taking for Delay to Reward on the Operant Risk Task was significantly greater for the 

social points Task Version than it was for the food Task Version Finally, risk-taking during the 

Intertrial Interval condition of the operant task and risk-taking during the delay condition of the 

task were significantly associated (i.e. a correlation between task conditions). This is expected 

because both conditions assess a form of temporal risk-taking.  

 

6.4. Research Limitations 

 

6.4.1. External Validity Limitations 

 

 There are several limitations that warrant attention. First, this research was conducted on 

a student sample attending introductory psychology courses at the University of Arizona. 

Although variation in terms of Past Harshness, Past Unpredictability, and Super-K (LH 

Strategy) was obtained, there clearly is a limited range of variability on these dimensions due to 

the nature of a university sample. Most of these students are living in the dormitories on campus 

and few come from very impoverished, harsh, and very unpredictable environments. Thus, this 

sample may underestimate the effects of these various environmental dimensions and LH 

strategy on behavior (Henrich, Heine, & Norenzayan, 2010).  

 



78 

 

 

 

 Secondly, although the goal of this research was to investigate risk-taking “foraging” 

type behavior under different “resource-budgets” or states of “need”, the study took place in a 

controlled laboratory setting. Participants received “resource-budget” manipulations to influence 

their current level of Social-inclusion or energy levels. Clearly, the “resource-budget” 

manipulations served as mere proxy for the deprivation in these domains that may occur in the 

“real world.” For example, recalling social rejection for ten minutes and playing a brief computer 

game where one experiences rejection appears much less influential on behavior than a long 

history of repeated experiences with social rejection in various contexts and settings. Similarly, 

fasting from food and non-water beverages for twelve hours is far from the food deprivation seen 

in species that are starving and or humans currently experiencing a famine. Nonetheless, the 

“resource-budget” manipulations used were intended to provide an adequate proxy for 

deprivation in these biological areas and the manipulation check data presented earlier supports 

their effectiveness for the purpose of the current research.  

 

 Additionally, the risk-taking outcome tasks used in this study, although intended as 

proxies for risk-taking while foraging, may or may not reflect the exact demands and parameters 

of foraging tasks in the wild. The tasks were presented on computer screens in a laboratory 

setting and were relatively short in duration compared to the demands of more naturalistic 

foraging tasks that can span hours, days, or weeks. Foraging for resources in the “wild” likely 

involves an individual that has a somewhat extensive past learning history with the parameters of 

the local environment (e.g., what cues are or are not predictive and of what outcomes, the natural 

variability of the local environment, etc.). Whether or not participants obtained an adequate 

assessment of the parameters on the foraging risk-tasks in one single lab session is unknown and 

remains an open question for future research. Nonetheless, the tasks used were adapted based on 

previous research from operant psychology which has made a compelling case for the use of 

operant-style tasks when studying foraging behavior (see Dallary & Baum 1991; Hackenberg, 

1998 for comprehensive overviews) and this research using these types of tasks has produced 

interesting results.  

 

 Taken together, this was a lab-based mixed design (i.e. quasi experimental and 

experimental) study that used several proxies to examine risk-taking behavior under different 

state conditions and for different kinds of rewards. Whether or not the manipulations and tasks 

used fully capture the responses that would be observed in the wild cannot be answered. Because 

this was one of the first studies to investigate individual differences, “resource-budget” 

manipulations, and risk-taking for various resources simultaneously, it was decided more 

appropriate to contain this to a more controlled laboratory setting to get a better understanding of 

the potential relations among the variables in the proposed models.  

 

6.4.2. Internal Validity Limitations 

 

 One of the main limitations to the internal validity of the research presented is the quasi-

experimental portion of the design. Past Harshness, Past Unpredictability, and Super-K (LH 

Strategy) all reflect quasi-experimental variables that were assessed via self-report methods and 

not manipulated in any manner. As a result, conclusions about causality between these variables 

and risk-taking behavior are entirely inappropriate and strictly correlational interpretations are 

the only ones capable of being made.  
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 Secondly, although, in the true-experimental portion of the design, assignment within the 

social “resource-budget” manipulation mini-study and the energy “resource-budget” 

manipulation mini-study was pseudo-randomized, the two studies were run sequentially with the 

social manipulations taking place in the Spring and Summer of 2015 and the Energy-budget 

manipulations occurring during the Fall of 2015. This sequential ordering of the “resource-

budget” manipulations is a threat to the internal validity of the study because of the lack of true 

random assignment to any of the study groups, conditions, or manipulations. The reasoning 

behind this was purely practical and logistical. The laboratory resources available and the 

pending IRB approval for certain procedures (i.e. a potential blood-glucose test which was not 

used) were two of the main contributors to this scheduling effect making it easier to begin with 

the social manipulations and then move on to  conducting the Energy-budget manipulations. 

Nevertheless, this reflects a threat to the internal validity of the study and should be 

acknowledged as such. 

 

 Third, the order of the risk-taking outcome tasks was not fully counterbalanced. 

Participants always played the Wheel Spin Risk Task before the Operant Risk Task. The 

reasoning for this was that, the Wheel Spin Risk Task was quite short and was unlikely to satiate 

the participants who were playing the food rewards task version. In contrast, the Operant Risk 

Task required thirty-five minutes to complete. After this task, many participants were likely no 

longer finding the points or the food rewarding (especially if they had reached the top level in the 

game). To guard against satiation effects in the food versions of the tasks and to avoid the risk 

that they would become non-rewarding, the Wheel Spin Risk Task which encompassed six wheel 

spin selections was always administered before the longer duration Operant Risk Task. It was 

decided that the advantages of this ordering outweighed the disadvantages; however, that the 

order of these tasks were not counterbalanced must be acknowledged as a threat to the internal 

validity of the study.  

 

 Despite these main threats to internal validity, this research and its design attempted to 

preserve internal validity slightly above external validity. The study protocol was thoroughly 

followed, the research team was carefully trained and wore lab coats while running all 

participants in the study, all of the study tasks were administered with the same verbatim 

instructions and parameters to all of the participants, and the research occurred in the same lab 

location for all participants. 

 

6.4.3. Measurement Limitations 

 

 The research presented was conducted on an undergraduate sample from the University 

of Arizona. As a result, there was a restriction in range in terms of the amount of harshness and 

unpredictability that participants were exposed to early in life. The majority of student 

participants lived under relatively non-harsh and stable conditions throughout development. Put 

differently, the sample used in this research likely underestimates the relations among 

environmental harshness, unpredictability, both life history strategies, and risk-taking behavior. 

It is also important to acknowledge that the Past Harshness and Past Unpredictability factors 

created and used in this research present a slight departure from the traditional measurement of 

these constructs. As discussed in the introduction, harshness is defined as the extrinsic-morbidity 
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mortality rates in the local environment (e.g., violence, high pathogen load, etc. see Ellis, 2009). 

In this research, the Past Harshness factor was created by relying more heavily on parental 

harshness (i.e., paternal and maternal) early in life as well as exposure to economic harshness 

(i.e. not having enough money to fulfill needs). Similarly, unpredictability is typically defined as 

the temporal and spatial variation in harshness (e.g., the number of paternal transitions, parental 

job transitions). Because the typically used items did not work well in this sample, the Past 

Unpredictability factor relied upon measures of neighborhood danger (e.g. feeling safe walking 

around the neighborhood at night), economic unpredictability (e.g. living paycheck to paycheck), 

and the number of residential changes experienced before age sixteen. While both the Past 

Harshness and Past Unpredictability factors demonstrated sound psychometric properties, it is 

important to acknowledge the deviation between the traditional manner in which these early-life 

environmental variables have been assessed in the literature and the manner in which they were 

constructed in this research due to the characteristics of the sample. Future work might seek to 

test out the predictions of this study using more diverse samples in terms of early-life 

background. This would allow not only for the traditional construction of these early-life 

environmental factors but would also permit for the investigation of the effects of these variables 

on risk-taking behavior.  

 

6.5. Research Strengths: 

 

 Despite the limitations, the strengths of the research also merit discussion. First, to my 

knowledge this is the only existing study investigating an integrative model of human-risk-taking 

behavior including the characteristics and dimensions of the developmental environment (i.e. 

harshness, unpredictability), individual differences (i.e. LH strategy) in response to varying 

environmental conditions, and risk-taking behavior (not self-report) under different conditions of 

“need” and for adaptive rewards such as Social-inclusion and food acquisition. To date, there is 

no existing research testing the integrative predictions being made in this thesis.  

 

 Secondly, this study is one of few to investigate how current “resource-budgets” in 

different adaptive areas, such as Social-inclusion and energy-level, influence risk-taking or risk-

aversion for rewards both within and across those areas. Simply put, this is one of few existing 

studies examining the predictions of RST and the “Energy-budget rule” in human participants. 

Extending upon this strength, this research examined risk-taking for rewards across adaptive 

domains to determine if the relation between “need” and risk-taking for resources is domain 

specific or domain general. Aside from a single study (Ermer, Cosmides, & Tooby, 2008), there 

has been an absence of research bearing on the domain specificity or domain generality between 

“need” and risk-taking. The results of this study support a domain general conclusion, at least in 

this sample and on the tasks administered. 

 

 Third, this study examined the non-verbal risk-taking behavior of participants who 

played behavioral tasks with no explicit instruction about the details or parameters of the task. 

Thus, participant behavior on the tasks reflects experiential learning on the task, not the result of 

explicit instruction as is so common in previous risk-taking research (e.g., “You have a choice of 

$10 for sure or a 50% chance of $20). The overwhelming majority of risk-taking research, 

especially of that conducted on humans, provides participants with the exact parameters and 

knowledge about the decision that s/he is being asked to make. In the natural environment 
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however, species rarely if ever have completely accurate knowledge about the environment and 

the subsequent decisions made and behaviors executed. The tasks in this study provided minimal 

verbal instruction and required participants to “figure out the rules as they went along.” As a 

result, these tasks may be more reflective of risk-taking behavior that typically occurs with 

imperfect knowledge about the potential outcomes.  

 

 Last, the SEQCA statistical analysis procedure used to test the predictions of the two 

proposed models is extremely conservative. This procedure statistically controls for all of the 

previously tested predictor variables and the remaining outcome variables in the model. Many 

statistical analyses control for the previous predictors in the model, but it is equally important to 

control for the remaining outcome variables as well. Some experimentalists might wonder why 

this is necessary as precise experimental control usually produces the control necessary for the 

predictor variables. However, it is equally important to control statistically for the outcome 

variables – variables that are the direct product of the participant’s behavior; variables that 

cannot be experimentally controlled beforehand. In sum, the SECQA provides a very 

conservative test of the study predictions and should not be considered a lenient test by any 

means.   

  

6.6. Future Directions 

 This study is one of the first to investigate an integrative model of human risk-taking 

behavior considering dimensions of the early-life environment, individual differences, and risk-

taking behavior under conditions of “need” and for different rewards. As a result, replication is 

necessary as this study can only present a snapshot of the possible relations among the variables 

of interest. Researchers interested in pursuing and extending upon the research presented in this 

thesis should consider several concerns.  

 

 First, a more generalizable sample may contribute to our understanding of the 

generalizability of the results. As stated, the participants in this study were university students 

from University of Arizona. Future research should recruit a more diverse sample in terms of 

age, early-life background, and current living conditions. This would provide a more holistic 

depiction of the relations among early-life environmental conditions, LH strategy, and risk-

taking behavior in response varying levels of need across biological domains.  

 

Secondly, future research should manipulate “resource-budgets” in biological domains 

other than Social-inclusion and energy-levels. Although methodologically challenging, it would 

be theoretically useful to see, for example, if enhancements or reductions in mate value, potential 

for illness or disease, and other relevant adaptive domains influence risk-taking for biologically-

relevant resources. Similarly, future research will need to use different assessments of human 

risk-taking behavior than solely the tasks employed in this study. Do the findings presented here 

in this thesis generalize to alternative behavioral risk-taking and foraging tasks that have been 

and can continue to be established? This is an interesting question that requires additional 

research. More research is also needed examining the domain generality versus domain 

specificity of “need” or “budget” in a particular adaptive domain and subsequent risk-taking 

behavior. Although the results of this study supports a domain general approach to human 

“deprivation” and risk-taking for resources, research using more diverse samples and different 

tasks is needed to place more confidence in this result.   
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Another area for extension of this research is investigation of the neural correlates of 

decision-making under varying conditions of uncertainty. Brain imaging studies (e.g. fMRI) and 

single-neuron studies in non-humans provide great potential for understanding the neural 

mechanisms involved in processing various components of decision-making and behavior under 

uncertain and ambiguous conditions. While this research was purely behavioral, much progress 

is being made investigating the neural mechanisms that underlie various forms of decision 

making in conditions of imperfect knowledge about outcomes (see Platt & Huettel, 2008 for a 

brief overview of this line of research).  

 

Finally, research in this area can be advanced by moving out of the laboratory and into 

more “real-world” settings. Horizontal integration between the controlled laboratory and more 

complex natural environment is necessary for any comprehensive understanding of natural 

phenomena (Jacobs, 2016 personal communication). The research presented here took a 

laboratory approach to studying the relations among early-life environmental conditions, current 

“resource-budgets,” and risk-taking behavior for rewards. Although more laboratory-based 

research is of course necessary, research is also needed outside of the laboratory in more realistic 

and natural settings. It is only with a combination of these two approaches that a more complete 

understanding of human risk-taking behavior and all of the factors that give rise to the behavior 

will emerge.   

  

Last, it is worth noting that the data collected in the current study can be mined to test 

various hypotheses that were not central to the main predictions of the dissertation. To provide 

some examples, data were collected on participant sex, self-reported risk-taking propensity, and 

self-reported beliefs about the parameters of the behavioral risk-taking tasks. The relations 

between participant sex and the predictions made in this thesis is a question that can be 

investigated in the future. Also, whether or not a general self-reported risk-taking propensity 

matches risk-taking behavior on the risk-taking tasks is another question that can be answered by 

further analysis of the current data. Last, whether or not participant’s verbal reports about the 

rules of the tasks and the strategies that they report using on the tasks actually match the 

behavior that they demonstrated (e.g. Nisbett & Wilson, 1977) is a very interesting question that 

I hope to explore in the future using these data that have been collected over the past year .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



83 

 

 

 

7.0. Appendix 

Readers of this thesis who would like more detail about the measurement instruments, task 

parameters, or any further details about how the study was conducted should contact the 

author directly (JeanMarie Bianchi) for this information.  
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