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Abstract

In this article, we contrast evolutionary and psychobiological models of individual development to 

address the idea that individual development occurring in prototypically risky and unsupportive 

environments can be understood as adaptation. We question traditional evolutionary explanations 

of individual development, calling on the principle of probabilistic epigenesis to suggest that 

individual development resulting from the combined activity of genes and environments is best 

understood to precede rather than follow from evolutionary change. Specifically, we focus on the 

ways in which experience shapes the development of stress response physiology, with implications 

for individual development and intergenerational transmission of reactive, as opposed to reflective, 

phenotypes. In doing so, we describe results from several analyses conducted with a longitudinal 

data set of 1,292 children and their primary caregivers followed from birth. Our results indicate 

that the effects of poverty on stress response physiology and on the development of the self-

regulation of behavior represent instances of the experiential canalization of development with 

implications for understanding the genesis and “adaptiveness” of risk behavior.
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What is the relation between individual development and evolution? Answers to this 

timeless question can serve as a bellwether for causal thinking in developmental psychology 

(see Richards, 1987). At the evolutionary end of the continuum, individual psychological 

development can be seen as a relatively passive process through which ecological pressures 

have favored specific behaviors in distinct segments of the human population, yielding 

differences that can be understood as adaptive for distinct niches (e.g., Penke, Dennisen, & 

Miller, 2007). In contrast, at the developmental end of the continuum, individual 

psychological development can be seen as an active process, emphasizing malleability and 

the role of the individual in shaping development (e.g., Cicchetti & Tucker, 1994).

This article focuses on the relation between individual development and evolution in the 

study of self-regulation in children. It uses research on self-regulation behavior to illustrate 

and support an emerging synthesis in the relation between developmental and evolutionary 
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theory. In the following sections, we first consider how the evolutionary origins of self-

regulation in our species can help developmental psychologists think about the process of 

development. Many developmentalists might tend to think that the study of individual 

differences from an evolutionary perspective requires endorsement of the transmission of 

fixed traits across generations. However, emergent and innovative work in evolutionary 

psychological theory is starting to converge with developmental thinking in ways that 

suggest that neural, physiological, and behavioral plasticity itself is evolutionarily adaptive 

and intergenerationally transmitted. In addressing this convergence of thinking, we contrast 

two approaches to the question of the ontogeny of individual differences in self-regulation. 

We then present an evolutionarily informed developmental model in which individual 

differences in self-regulation arise within a generation and can be expected to vary within 

persons over short periods of time. We then describe findings from several analyses that 

highlight the malleability of development in the context of rapidly changing environmental 

conditions. In conclusion, we consider ways that processes of individual development 

resulting from natural selection enable individuals to flexibly adapt behavior to ecological 

conditions. In so doing, we address the central theme of this special issue, namely, to 

understand the adaptive benefits of behavior occurring for good and for ill in response to 

variation in environmental quality.

Self-Regulation as a Product of Evolution and Development

What Is Self-Regulation?

We define self-regulation as a biobehavioral system that enables the primarily volitional 

control of attention and emotional arousal for the purposes of reflective, goal-directed action 

(Blair, 2010; Blair & Ursache, 2011). As such, self-regulation is composed of behavioral, 

cognitive, and physiological aspects of functioning that are hierarchically organized and 

reciprocally integrated. By this we mean that in our theory self-regulation is understood to 

be composed of interrelated top-down and bottom-up components. The top-down 

components are referred to as executive functions (Zelazo, Muller, Frye, & Marcovitch, 

2003). Executive functions include working memory, inhibitory control, and the flexible 

shifting of the focus of attention. Executive functions enable reasoning, planning, problem 

solving, and future-oriented thinking and can assist in the regulation of emotion and the 

modulation of behavior in response to environmental contingencies. The higher order top-

down executive components of self-regulation are understood to both influence and be 

influenced by bottom-up, less volitional aspects of self-regulation (Blair & Dennis, 2010; 

Lewis & Todd, 2007). These bottom-up aspects of self-regulation include more automatic, 

less effortful processes associated with stress physiology, emotional arousal, and attention 

focusing.

The bidirectional theory of self-regulation is suggested both by the underlying neurobiology 

of self-regulation abilities and by the now over 100-year-old Yerkes-Dodson law in which 

arousal and performance on complex learning tasks are related in an inverted ∪-shape curve. 

Neurobiologically speaking, the prefrontal cortex (PFC), the seat of executive functions, is 

reciprocally interconnected with limbic and brainstem structures associated with the stress 

response and with emotional arousal (Barbas & Zikopoulos, 2007). Here, changes in levels 
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of neurotransmitters (dopamine, norepinephrine, glutamate, glucocorticoids) that are in part 

determined by stress response physiology drive synaptic activity in PFC in the familiar 

inverted ∪-shape curve. At very high or very low levels of stimulation and stress arousal, 

synaptic activity in PFC and, consequently, executive function abilities are reduced. At 

moderate levels of arousal, however, synaptic activity leading to long-term potentiation in 

the PFC is increased, and executive function abilities are optimized (Ramos & Arnsten, 

2007; Robbins & Arnsten, 2009). Notably, the curvilinear relation between physiological 

arousal and ability is specific to complex learning. In the instance of relatively simple 

learning and conditioning, such as fear conditioning and the formation of robust memories 

of emotionally arousing events, the relation between arousal level and learning is positive 

and linear (Diamond, Campbell, Park, Halonen, & Zoladz, 2007).

How Evolutionary Theory Explains the Human Capacity for Self-Regulation

One of the contributions that evolutionary psychology offers developmental theory is the 

insight that evolution has produced the complex, integrated, and highly flexible self-

regulation system outlined above. Porges (1995, 1998) described the evolution of stress 

response physiology from relatively simple regulation via circulatory systems to more 

complex reactivity and regulation under the control of increasingly elaborated neural 

structures that function in a coordinated bottom-up and top-down manner. Species-typical 

self-regulation abilities allow for reactive, highly automatic, and phylogenetically older 

styles of response when needed but also enable higher order, reflective cognitive processing 

of past, present, and future experience. In short, the evolutionary modification of the ability 

to modulate approach and withdrawal tendencies through the elaboration of connections 

between PFC and limbic structures has undeniable benefits to reproductive fitness. Such 

evolutionary advantages set the stage for the progressive development of humans’ cognitive 

control skills that allow for reasoned planning before action, dealing with increasing 

environmental complexity and with emotional as well as instrumental forms of threat (Luu, 

Tucker, & Derryberry, 1998).

Individual Differences in Self-Regulation: Two Approaches

Evolutionary Perspectives on Individual Differences

The logic of self-regulation as a product of evolutionary pressures that enhance fitness is 

seemingly incontestable. Implications of this evolutionary modification and shaping of the 

neurobiology of self-regulation for the development of self-regulation in individuals, 

however, are less clear. A central question is whether evolutionary modification can be 

understood to have maintained adaptive individual differences within species through natural 

selection. That is, did nature cast a relatively wide net when crafting self-regulation abilities 

and, in doing so, array individuals along a continuum, from more to less reactive and 

regulated? And if so, could processes of evolution and individual development, including 

active and passive processes, help to explain within species variation and intergenerational 

continuity in self-regulation behavior? Such reasoning could explain individual differences 

in constructs such as temperament, personality, preference for challenge, delay aversion and 

a host of related behaviors and mental states (Bjorklund, Ellis, & Rosenberg, 2007; Buss, 

2009; Confer et al., 2010). Variation, the driving force of evolution, would produce 
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alternative profiles of self-regulation within a given species that although in general similar, 

would vary in the extent of reactivity and regulation. Some individuals might be argued to 

exhibit greater propensity for withdrawal and avoidance in response to aversive stimulation, 

while others would exhibit greater approach and propensity for drive in response to 

appetitive stimulation. In this theoretical framework, individuals would also differ in the 

capacity for the regulation of this reactivity (see for example Figueredo et al., 2005 for 

review).

Such evolutionary implications for individual development, generally, can be discerned in 

what can be referred to as standard evolutionary models of personality and intelligence 

(Buss, 2009; Penke, Denissen, & Miller, 2007). Importantly, in these models, as in the 

primarily developmental models described below, differences among individuals are 

attributable to complex intergenerationally transmitted combinations of genes, physiology 

(or endophenotype), and phenotypic behaviors. Notably, for individual differences in 

personality, the process of evolution by natural selection resulting from differential fitness 

associated with distinct personality profiles is what is referred to as balancing-selection, that 

is, that different traits are favored in distinct environments and that genotype–phenotype 

combinations are sorted accordingly. For example, Penke et al. (2007) argued that different 

stable personality styles, encompassing individuals’ styles of appraisal, expectancies and 

goals, as well as broader brush styles of approach and avoidance, offer different types of 

advantages in environments that vary on dimensions of ecological threat, harshness, and the 

like. In contrast, selection for intelligence is presumed to reflect the likelihood that higher 

cognitive ability will be associated with increased fitness across most environments, and 

variation will therefore be attributable to mutations that are eventually selected against, 

referred to as mutation-selection balance (Penke et al., 2007).

From a primarily developmental perspective on individual differences, evolutionary models 

of individual development are overly determined. That is, such models do not adequately 

acknowledge the role of context in shaping the phenotype, nor do they adequately address 

malleability and the process of development (Lickliter, 2007; Spencer et al., 2009). From a 

developmental perspective, standard evolutionary explanations of individual differences do 

not appear to incorporate the idea of plasticity inherent in development that is acknowledged 

as the “leading edge” of evolution, in the first place (West-Eberhard, 2003). In these models, 

development can be relegated to a subsidiary or epiphenomenal role, programmed by natural 

selection in a process referred to as predetermined epigenesis (Gottlieb, 2002). In these 

models, the assumption of stability in individual development as a hallmark of reproductive 

fitness would seem to work well as explanation. From a probabilistic epigenetic framework, 

however, high levels of intraindividual variability in self-regulation development in humans 

suggest a high degree of continuity (as opposed to stability; see Gottlieb, 1983) and, 

consequently, of malleability. That is, in a probabilistic approach, development is actively 

and continuously shaped by the ongoing interaction of biology and environment rather than 

shaped by an essentially independent and stable contribution of each. In short, although 

individual differences in self-regulation are undoubtedly intergenerationally transmitted, 

leading to continuity in profiles of behavior, the linked assumption of an intergenerationally 

programmed stability in individual differences does not align well with recent findings in the 

study of self-regulation, as we illustrate below.
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Toward a Developmental Model

A more complexly specified evolutionary model that incorporates the role of individual 

development in the process of evolutionary modification is represented by life history theory. 

Life history theory describes evolution and individual development in terms of adaptive 

trade-offs that can be arrayed on a continuum from slow to fast (e.g., maturation and 

reproduction). Notably, life history theory as applied by Ellis and collaborators (Del 

Giudice, Ellis, & Shirtcliff, 2011; Ellis, Figueredo, Brumbach, & Schlomer, 2009) is an 

important advance in evolutionary thinking about individual development. Its strength is that 

it allows for phenotypic plasticity itself as the object of natural selection. In common with 

the developmental psychobiological model (Gottlieb, 1992, 1998, 2002) and the model of 

developmental plasticity and evolution (West-Eberhard, 2003), life history theory allows for 

phenotypic change in advance of any change or accommodation that might occur at the 

genetic level. Phenotypic modifications occur in response to environmental conditions. 

These modifications are then transmitted intergenerationally through a variety of 

mechanisms that can ultimately include genes. Phenotypic changes and changes in behavior 

in response to environmental conditions and, secondarily, any genetic change or 

accommodation are then the targets of natural selection. That is, “natural selection involves a 

selection for the entire developmental manifold” (Gottlieb, 1997, p .76). In the 

developmental and life history theory models, what is being selected for is the process 

through which individual behavior develops in response to experience.

Both developmental psychobiological and life history theories provide the basis for 

understanding the tuning of self-regulation systems to more reactive or more reflective 

modes of response under conditions of higher versus lower adversity (e.g., Blair, 2010; Del 

Giudice et al., 2011). The developmental and life history approaches appear to diverge, 

however, in their assumptions about malleability and the potential for within-person change 

as a function of changing environments. For example, Belsky and others expanded many 

developmentalists’ ways of thinking about time in proposing that individual differences in a 

given behavioral outcome in response to environmental adversity may be adaptive not only 

across the lifespan but across multiple generations (Belsky, Steinberg, & Draper, 1991). Life 

history theory, as with other evolutionary approaches, however, is unclear as to the extent to 

which intraindividual change is possible within the life course rather than across 

generations. The life history approach is also unclear as to the extent to which associations 

between profiles of responsiveness demonstrated by parents and life history strategies 

demonstrated by offspring may both be due to direct effects of chronic exposure to adversity 

rather than linked in a causal chain. In Belsky, Steinberg, and Draper’s (1991) framework of 

biological sensitivity to adversity, for example, the ecology of poverty leads to mothers’ 

single-partner status and insensitive caregiving, which in turn leads to daughters’ higher 

internalizing symptoms and earlier menarche, consequently fostering daughters’ higher 

likelihood of “quantity-oriented” reproductive strategy (i.e., earlier fertility and higher 

number of births; see also Belsky, Steinberg, Houts, Halpern-Felscher, & the NICHD Early 

Child Care Research Network, 2010). An alternative causal structure to explain this apparent 

chain of effects is that chronic disadvantage manifested across multiple institutional contexts 

(e.g., residential and educational segregation in unsafe neighborhoods and failing schools) 

directly causes both the predictors and the outcomes (see Marini & Singer, 1988 and Rubin, 
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1986). That is, environmental adversity may directly drive the low availability of stable, 

marriageable partners for mothers and daughters, as well as the high levels of psychological 

distress and physical weathering, such as early maturation, for both generations (see Foster, 

Hagan, & Brooks-Gunn, 2008).

Probabilistic Epigenesis and Experiential Canalization of Self-Regulation 

Development

In the following sections, we describe a probabilistic epigenetic model of self-regulation 

development. Clearly, flexible self-regulation can be understood to enhance evolutionary 

fitness, has a well-substantiated neurobiological basis, and is associated with gene variants 

in our species. Although a product of natural selection, however, we suggest that individual 

differences in self-regulation are shaped by individual experience and are malleable. We 

outline a model in which individual differences in self-regulation are shaped by the 

development of stress response physiology occurring in specific types of environments. This 

is an instance of a process referred to as experiential canalization (Gottlieb, 1991). In doing 

so, we speculate on the possible nongenomic intergenerational transmission of styles of 

reactivity and regulation and then provide evidence to support the experiential canalization 

of self-regulation development in four sets of analyses that we have conducted with data 

from the Family Life Project, a population-based sample of 1,292 families and children in 

two geographically distinct nonurban regions of poverty in the United States.

The probabilistic epigenetic view suggests that evolution enables the environment to interact 

with species typical characteristics to shape development in specific directions, to high or 

low levels of functioning on a given psychological construct or behavior. A foundational 

example of this is found in Gottlieb’s research on maternal imprinting in mallard duck 

hatchlings (see Gottlieb, 1997). Gottlieb’s embryological experiments indicated that the 

seemingly innate and instinctual tendency of hatchlings to identify and maintain proximity 

to conspecifics (mallard duck mothers) is dependent on prenatal experience. Specifically, in 

order to exhibit the prototypical imprinting behavior, it is necessary that the mallard 

experience its own hypersonic vocalizations. In the absence of this experience, imprinting 

can occur to a variety of species. That is, the system (genes, physiology, environmental input 

timed pre-, peri-, and postnatally) is plastic and open to change or canalization.

Similar findings from the work of Meaney, Champagne and others (Champagne, 2010; 

Meaney, 2001) also serve as clear examples of the probabilistic epigenesis of development. 

As shown in the rat, expression of a gene associated with glucocorticoid receptor density in 

the hippocampus is determined by specific types of maternal behaviors (licking and 

grooming/arched back nursing) that are facilitated in resource rich environments but are 

reduced in resource poor environments (Meaney, 2001). As a consequence, offspring 

manifest variation in behavioral and cognitive regulation of approach and avoidance in the 

face of novel and/or threatening stimuli (Champagne, 2010). As such, findings from the rat 

model of caregiving behavior indicate a high level of inter- and intragenerational continuity. 

That is, parenting style received in infancy can be determining of parenting style exhibited in 

adulthood. The model, however, also indicates substantial potential for malleability within a 
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single generation; cross fostering of the biological offspring of low licking and grooming 

mothers by high licking and grooming mothers leads to high licking and grooming behavior 

(Francis, Diorio, Liu, & Meaney, 1999). Central to the interpretation of these effects is the 

point that variation in self-regulatory profiles occurs as a function of complex, dynamic, and 

rapidly unfolding processes (Jirtle & Skinner, 2007; Lickliter & Honeycutt, 2003; Markham, 

Toth, & Lickliter, 2006; Meaney, 2010).

Self-regulation is open to experiential influence and as such can be considered adaptive. 

Changes in stress physiology occurring in response to the environment lead to 

morphological, physiological, and psychological development that produces variation in 

styles of self-regulation. The central question distinguishing evolutionary and developmental 

models, however, concerns the limits of malleability and plasticity. That is, once set in 

motion, how changeable are trajectories of individual differences in self-regulation 

development? Research in animal models would seem to suggest that interactions between 

aspects of the organism and the environment in which the organism is situated occur early in 

development and, consequently, determine the trajectory of development. This would seem 

to be the case for the processes examined to date, including gene expression leading to 

variation in hypothalamic-pituitary-adrenal (HPA) axis reactivity (Meaney & Szyf, 2005) as 

well as the example of maternal imprinting (Gottlieb, 1997). Notably, however, animal 

models (Bredy, Grant, Champagne, & Meaney, 2003; Francis, Diorio, Plotsky, & Meaney, 

2002) as well as numerous human studies (Dozier, Peloso, Lewis, Laurenceau, & Levine, 

2008; Ramey & Campbell, 1984; Raver, Jones, et al., 2011) indicate considerable plasticity 

in development and the alteration of early trajectories. It may be that for psychological and 

behavioral characteristics closely linked to ongoing experience, such as self-regulation 

development, plasticity is inherent. Openness of the system to experience and to change 

would be consistent with the relatively protracted time course for cortical development 

(Toga, Thompson, & Sowell, 2006) and the rapid changes in cognitive abilities that 

characterize childhood (Ferrer & McArdle, 2004).

Experiential Canalization of Self-Regulation Via Stress System Physiology

If self-regulation development is plastic and open to experience, however, then what are the 

relevant shapers or canalizers of development that underlie this plasticity? In addressing this 

question, we focus primarily on stress response physiology and on influences on it, 

including the quality of the early home environment and of caregiving experience. Stress 

response systems, including the limbic hypothalamic-pituitary-adrenal (HPA) axis and the 

autonomic nervous system (ANS) are primary organizers of energy metabolism and 

associated attentional, emotional, and behavioral responses to stimulation (Ellis, Jackson, & 

Boyce, 2006; McEwen, 2000; Repetti, Taylor, & Seeman, 2002). As noted above, in the 

realm of self-regulation, stress hormones such as norepinephrine and cortisol potentiate 

either more generally reactive or reflective responses to challenge depending on the amount 

of hormonal increase. Consistent with the inverted ∪-shape Yerkes-Dodson curve described 

previously, under conditions of high environmental adversity, stress hormones are potentially 

at levels associated with reduced cortical activity in PFC and with increased neural activity 

in subcortical brain areas associated with more reactive forms of learning (Champagne et al., 

2008; Diamond, Campbell, Park, Halonen, & Zoladz, 2007). Under conditions of 
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environmental support, however, stress hormones are more likely to be at moderate levels 

associated with increased activity in PFC and with more reflective responses to stimulation 

(Aston-Jones & Cohen, 2005; Ramos & Arnsten, 2007; Robbins & Arnsten, 2009). A 

number of studies with both animals and humans have indicated that moderate 

neuromodulator increase (Alexander, Hillier, Smith, Tivarus, & Beversdor, 2007; Lupien, 

Maheu, Tu, Fiocco, & Schramek, 2007; Vijayraghavan, Wang, Birnbaum, Williams, & 

Arnsten, 2007) as well as experientially driven neural sensitivity to neuromodulator levels 

(McNab et al., 2009) are associated with higher levels of executive cognitive functions such 

as working memory and the ability to flexibly regulate the focus of attention. As such, 

environmental quality is hypothesized to flip the self-regulation system into either a more 

reflective or more reactive mode and to do so flexibly in response to experience over time.

Notably, the inverted ∪-shape relation between stress hormone levels and reflective as 

opposed to reactive responses to stimulation maps directly onto the hypothesized ∪-shape 

relation between the environmental quality and the development of stress reactivity posed by 

Boyce and Ellis (2005). In that model, both high and low quality environments are 

hypothesized to lead to higher levels of stress reactivity (Ellis, Essex, & Boyce, 2005). As 

extended by Blair (2010) to differential susceptibility models, the reason why highly reactive 

individuals in more supportive contexts develop high levels of prototypically well-regulated 

behavior is that supportive contexts are understood to allow for the maintenance of 

neuromodulator levels in ranges that are conducive to synaptic activity in PFC and to the 

development of reflective responses to stimulation. In more adverse contexts, however, stress 

reactivity is hypothesized to be less well regulated, leading to decreased activity in PFC and 

increased activity in brain areas associated with more reactive as opposed to reflective 

responses to stimulation.

Research on stress physiology provides findings indicating relations among environments, 

the stress response, and behavior. Specifically, in support of a malleable or flexible self-

regulation system, the development of stress response physiology is characterized by what is 

referred to as adaptive phenotypic plasticity (Cameron et al., 2005) or adaptive calibration 

(Del Giudice et al., 2011). That is, variation in behavioral responses to stimulation (e.g., 

more reactive or more reflective) is shaped or calibrated by ecologically driven variation in 

experience, most notably, early in development by what is referred to as the maternal 

provision. As such, it would seem that variation in context can perhaps be understood to 

influence variation in caregiving behavior, leading to variation in self-regulation that would 

be expected to enhance functioning within high or low resource contexts, respectively. For 

example, when food availability is low and predation high, reactive rather than reflective 

tendencies would be potentiated and would likely be more optimal. In contrast, in resource 

rich environments, reflective tendencies and associated benefits would be expected to 

enhance reproductive fitness (Ellis et al., 2009). A central question here, however, concerns 

the extent to which the environment actively shapes variation in self-regulation profiles 

(Blair, 2010) or fine-tunes existing differences among individuals (Del Giudice et al., 2011).

Important from the developmental and life history theory perspectives is the idea that stress 

response systems are allostatic systems, meaning that unlike homeostatic systems such as 

body temperature and blood pressure, which must be maintained within a relatively narrow 
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band of functioning to maintain physical viability, stress response systems can take on a 

relatively broad range of plausible values (McEwen, 2000). Under conditions of chronic 

adversity, stress response systems adapt or are tuned to relatively higher or lower resting 

levels that limit the flexible regulation of stress physiology. Under these conditions, stress 

hormone levels are understood to be at set points that potentiate more reactive and less 

reflective emotional and attentional responses to stimulation (Luu & Tucker, 2004). As a 

consequence, although an organism may be tuned to increase its chances of survival in a 

hostile environment, when conditions become increasingly supportive, it is presumed that 

stress system physiology readjusts to set points that facilitate executive functions and top-

down, reflective self-regulation. Notably, the allostatic understanding of self-regulation 

development provides a clear neurobiological basis for the idea that changes in 

environmental context, as in the provision of high quality care and education for children 

facing moderate to severe psychosocial disadvantage, will result in short-term and possible 

long-term beneficial outcomes, potentially through the mechanism of benefits to self-

regulation (Blair, Berry, & Friedman, in press; Fisher, Stoolmiller, Gunnar, & Burraston, 

2007; Heckman, Malofeeva, Pinto, & Savelyev, 2009).

Empirical Examples From Our Longitudinal Data

Models of allostasis and the experiential canalization of self-regulation development provide 

the basis for understanding how the developing organism exhibits more reflective or more 

reactive modes of self-regulation over time in response to experience. To empirically test our 

model of self-regulation development, we have focused on executive functioning and 

emotion regulation. As noted previously, these represent interrelated constructs that play 

central roles in supporting humans’ ability to appraise and respond to challenging 

environmental conditions (e.g., conflict or threat) in which survival may have historically 

been at stake. These include in humans the tendency to use higher order, top-down reflective 

cognitive abilities as well as more bottom-up, automatized reactions.

Findings from our research provide evidence both for the early shaping of self-regulation 

profiles as well as for the malleability of self-regulation development within persons over 

time. Specifically, in recent work we have examined the idea that the conditions of poverty 

have deleterious consequences for children’s stress hormone levels as indicated by salivary 

cortisol. We have pursued the question of whether caregiving by adults mediates the 

processes by which environmental stressors “get under the skin” to affect self-regulation 

development. As well, we present here preliminary analyses indicating that changes in the 

quality of the environment in which children are developing are associated with changes in 

measures of executive function and, possibly, with measures of stress physiology.

In the first of these analyses with the 1,292 families participating in the longitudinal study 

known as the Family Life Project, we examined the possibility that experience over the 

child’s first 4 years influences resting levels of salivary cortisol, an indicator of the set point 

of the HPA system. Here, we found both material and psychosocial aspects of poverty were 

relevant: Chronic exposure to inadequate housing quality, chronic exposure to perceived 

economic insufficiency, and turbulence in household composition (marked by adult exits 

from the home) were each uniquely associated with higher resting levels of cortisol over the 
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first 4 years. Furthermore, we found that adult exits from the home interacted with cortisol 

levels over the first 4 years of life in a time dependent manner indicative of a process of 

increasing allostatic load. As seen in Figure 1, while the sample of children as a whole 

exhibited an expected general decrease in resting cortisol levels from 7 months to 48 months 

of age, those in homes characterized by a greater number of adult moves exhibited no such 

decline, maintaining higher resting levels across the first 4 years (Blair, Raver, Granger, 

Mills-Koonce, & Hibel, 2011).

We also examined the extent to which the effects of adversity in early childhood can be 

understood to shape self-regulation development as indicated by executive functioning, as 

measured by an innovative new test battery appropriate for longitudinal use (Willoughby, 

Blair, Wirth, Greenberg, & the FLP Investigators, in press; Willoughby, Wirth, & Blair, 

2011). We examined this possibility by testing the hypothesis that observed relations 

between psychosocial adversity and child executive functioning at age 3 years would be 

accounted for in part by relations between measures of adversity and early caregiving 

behavior and between early caregiving behavior and child resting cortisol levels. We found 

that the paths leading from adversity in the home to a latent variable representing child 

executive function ability were substantially reduced with the addition of paths from 

environmental adversity to caregiving behavior and to resting cortisol. Importantly, we found 

that the path from adversity to parenting to executive function was significantly mediated by 

a latent variable indicating children’s overall resting cortisol level in early childhood, at 7, 

15, and 24 months of age (Blair, Granger, et al., 2011). Here, findings were consistent with 

models suggesting the tuning of generally reactive or reflective modes of responding to 

stimulation through information about environmental quality transmitted largely by 

caregiving behavior.

While the above findings provide evidence for canalization of development and, as such, 

potential for continuity and perhaps even stability, we interpret these findings primarily as 

evidence for plasticity (i.e., that change in the characteristics of the caregiving environment 

will lead to change in self-regulation.) It is of course possible, however, to interpret our 

findings as indicating a more fixed process (i.e., caregivers and children share background 

characteristics including genes that in part determine the environment, stress physiology, and 

associated self-regulation profiles—and that nontrivially might serve as the object of natural 

selection.) Consequently, in ongoing analyses, we have highlighted the importance of 

considering exposure to environmental conditions of adversity over time. That is, past 

research has often relied on measurement of environmental adversity at a single time point 

or cumulatively across multiple time points, with the assumption of the role of stable versus 

unstable environmental conditions relatively untested. In a first approach to the question of 

change over time in environmental adversity, we considered chronicity of exposure to low 

income and psychosocial strains from infancy through early childhood as predictors of 

children’s executive function at 48 months of age, using the test battery developed by 

Willoughby and Blair (Willoughby, Wirth, & Blair, 2011). As shown in Figure 2, findings 

indicated that chronic poverty (characterized by family income at or below the U.S. poverty 

threshold for 0, 1, 2, or 3 years) was more important than exposure at any one time point in 

predicting the cost of economic disadvantage to child executive function (Raver, Blair, 

Willoughby, & the FLP Investigators, 2011). Importantly, in this analysis we were careful 
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not to discount the role of child temperament and found that cumulative exposure to 

environmental adversity was more strongly associated with lower executive functioning at 

48 months for children exhibiting high temperamental negativity at age 7 months. Our 

findings are in keeping with theories of differential susceptibility offered in a number of 

recent studies (reviewed by Belsky & Pluess, 2009).

In recent sets of analyses, we are further modeling changes in the conditions under which 

children are developing in an attempt to determine whether direct measurement of changes 

in environmental quality and the quality of caregiving are associated with related changes in 

self-regulation. In these analyses, we are examining changes from infancy to the preschool 

years (7–36 months) in income-to-need, maternal education, parent-child interaction quality 

as assessed by an observational measure (Cox, Paley, Burchinal, & Payne, 1999; National 

Institute of Child Health and Human Development (NICHD) Early Childcare Network, 

1999), and quality of the home environment as measured by the Home Observation for 

Measurement of the Environment Scale (HOME; Caldwell & Bradley, 2001). Notably, 

across time correlations for each of these measures indicate meaningful variation from one 

time point to another. Correlation over time in reliable and valid measurements of the home 

environment and of parenting behavior by independent observers revealed only moderate 

stability. Correlations between adjacent time points for the measurement of the home 

environment were approximately r = .45. Correlations between more distal time points (e.g., 

7 months and 36 months) were only approximately r = .36. Similar but slightly higher 

correlations were observed for the measure of parenting sensitivity.

Although much work remains to be done to identify the determinants this variation, ordinary 

least squares regression analyses demonstrated that changes in the quality of the home 

environment and changes in parenting sensitivity for each 12 month increment (e.g., from 7 

to 15 months, etc.) were uniquely and meaningfully predictive of executive function ability 

at the child age of 48 months. For example, controlling for the initial effect of the quality of 

the home environment at the child age of 7 months on later executive function ability, a 

standard deviation change in home quality between 7 and 15 months was associated with a .

14 standard deviation increment in executive function at age 48 months. Change between 15 

and 24 months and between 24 and 36 months in home quality were also uniquely 

associated with later executive function with effects of similar magnitude. Similarly, 

controlling for an initial effect of parenting sensitivity at 7 months on later executive 

function ability, standard deviation unit changes in parenting sensitivity between 

measurement time points (7 to 15 months, etc.) were uniquely and incrementally related to 

executive function ability at age 48 months by magnitudes of .23, .18, and .10, respectively. 

Furthermore, these relations remained, albeit moderately reduced, with the addition of a 

measure of executive function ability at age 36 months. That is, change in the home 

environment and change in parenting sensitivity from infancy through preschool uniquely 

predicted executive function ability at age 48 months, even when controlling for prior 

executive function ability.

Examination of the relation of variation over time in the quality of the home environment 

and in parenting sensitivity to individual measures of child stress physiology, including 

salivary cortisol, salivary alpha amylase, and resting respiratory sinus arrhythmia measured 
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at the child age of 48 months yielded no clear associations. This is likely due to the complex 

interrelationships among these indicators of stress physiology, leading to an absence of 

relations between change in the early environment and individual measures. As such, 

ongoing analyses will determine the best ways in which to combine the indicators in order to 

determine whether early stress physiology is related to changing conditions of home and 

parenting quality and, if so, whether it might mediate effects of environmental quality on 

later executive function abilities.

Conclusion and Implications

In this article we contrasted evolutionary and developmental approaches to the 

understanding of individual differences in self-regulation. Although there is an emerging 

synthesis of the two approaches, there remains a fundamental distinction between them 

concerning the extent to which individual differences in biobehavioral systems of self-

regulation are primarily shaped by evolution, as opposed to being primarily shaped by 

experience. From a predominantly evolutionary framework, individual differences in self-

regulation can be considered to have been selected for and to differentially interact with the 

environment to determine individual trajectories of psychological functioning. From a 

predominantly developmental perspective, however, individual differences in reactivity are 

understood to be shaped from conception by characteristics of the environment in which 

development is occurring. In presenting our research, we have attempted to highlight this 

distinction between the approaches and to emphasize that the distinction is subtle, important, 

and difficult to resolve. On the one hand, our findings, particularly on the development of 

cortisol levels in early childhood and on the relation of cortisol levels to executive function 

abilities, can be interpreted in terms of an evolutionarily determined epigenesis. That is, they 

can be seen to potentially illustrate the ways in which development unfolds along complex 

but determined lines. On the other hand, consistent with a developmental approach, we 

interpret our findings as indicative of an experiential shaping of development through a 

process of probabilistic epigenesis. In support of this probabilistic interpretation are our 

findings relating the chronicity of poverty to executive function abilities and relating 

changes in the quality of the home environment and change in the quality of parenting to 

later executive functioning.

Most importantly, we believe that findings from our analyses illustrate central themes in the 

relation between individual development and evolution and, in so doing, point to the 

intellectual common ground between the approaches in understanding how aspects of the 

environment influence individual behavior through stress system physiology. In 

combination, evolutionary and developmental theories provide a fertile epistemological 

stance against which numerous empirical questions can be posed and future biobehavioral 

models can be drawn and tested. Chief among the common interests of evolutionary and 

developmental approaches is the central theme of this special section, namely the adaptive 

nature of biobehavioral development occurring in adverse as opposed to supportive 

environments. Importantly, our findings align well with distinctions between harshness and 

unpredictability of environments in recent evolutionary psychology and life history theory 

models (Ellis et al., 2012; Belsky, Schlomer, & Ellis, 2012). In particular, we believe that in 

combination, these findings strongly emphasize the need for careful consideration of the 

Blair and Raver Page 12

Dev Psychol. Author manuscript; available in PMC 2017 January 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ways that exposure to poverty-related hazards may remain stable for some children and may 

change dramatically for others over time. Central here is the conceptual value of framing 

individual differences not in a deficit model (which has tended to characterize much of the 

developmental literature) but in an experiential canalization framework. This latter 

framework can be productively applied to understanding behavior within context and the 

prospects and potential “trade-offs” of large-scale systematic efforts to bring about 

substantial change in individual developmental trajectories (Blair & Raver, in press). Data 

from “natural experiments” including economic recessions, natural disasters, and random 

exposures to neighborhood violence highlight the costs of exogenous shocks to children’s 

cognitive and emotional regulatory repertoires (Marsee, 2008; Samuelson, Krueger, Burnett, 

& Wilson, 2010; Sharkey, 2010; Solantaus, Leinonen, & Punamaki, 2004). Evidence from a 

number of randomized experiments in the fields of prevention science and educational 

intervention suggests that environments can be altered in positive ways with substantial 

discernable means to tune or shape the systems undergirding self-regulation to yield neural 

and physiological benefits as well as behavioral benefits (Dozier et al., 2008; O’Neal et al., 

2010).

It remains to be seen whether experiments targeting infants’ cognitive and emotional self-

regulation may actively shape gene expression and environmental responsiveness from 

caregivers in ways that serve to promote and sustain behaviors that are advantageous in 

those contexts. In short, we simply don’t know the limits on the malleability of development 

until we test the impact of multiple, sequentially staged (and randomly assigned) contrasting 

environmental conditions or interventions, across multiple stage-salient developmental 

transitions. From a developmental perspective, the limits or constraints on malleability of 

self-regulation profiles are few; from the standard evolutionary psychological perspective 

reviewed earlier, the limits on malleability would seem to be more substantial. The 

developmental focus on fine-grained understanding of the volatility of exposure to 

environmental hazard within individuals’ lifetimes and resulting discontinuities in self-

regulation, however, is parallel to the focus in the evolutionary approach on phenotypic 

stability versus plasticity over time. The big question for both approaches concerns the 

sources of and modes of transmission of information needed to direct the psychological 

development of the individual across these shorter versus longer periods of time and across 

stable versus changing environmental conditions. This central question has been raised 

multiple times in the field of evolutionary biology (Oyama, 2000). In the field of 

developmental psychology, this central question has given rise to organizational (Sroufe, 

1996) and dynamic systems approaches (Fogel & Thelen, 1987) that identify the combined 

actions of multiple elements that have rate-limiting constraints and affordances as the best 

approach to understanding individual development. In the search for information in systems, 

we believe that with evolutionary and developmental approaches one can productively 

pursue the idea that stress hormones fill a central role. Stress hormones act as a source of 

information not only from the environment to the organism but also from the organism back 

to the environment. Quite literally, the exogeneous stimulation of the environment can lead 

to changes in the stress physiology and morphology of the organism that change the 

behavior of the organism in ways that feedback on and maintain the conditions of the 
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environment. The extent to which this is passed on intergenerationally or is crafted anew in 

individuals as development unfolds within distinct environments remains to be determined.
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Figure 1. 
Relation between resting cortisol at 7, 15, 24, and 48 months of age and number of adult 

exits from the home; solid line = 2 or more exits, dashed line = 0 or 1 exits.
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Figure 2. 
Executive function (EF) at 48 months predicted by chronicity of income risk where 

chronicity (i.e., a value of 0, 1, 2, or 3) is defined as the number of approximately 12-month 

time periods in which family income falls at or below the U.S. poverty threshold.
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