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Infancy is a remarkable period of growth and change. Initially, the relatively 
dependent and immature newborn’s behavioral repertoire consists largely 

of sleeping, eating, and eliminating. Infants also experience critical periods 
of awake alertness, punctuated by signals of distress, hunger, and discomfort. 
Slowly, over the course of the first few months of life, infants will extend these 
periods of quiet alertness so that the fundamental learning needed for the devel-
opment of cognitive and socioemotional skills can take place. This learning 
occurs in a social context, consisting of caregivers, communities, and cultures, 
dimensions of the infant’s environment that contribute to changes that can be 
observed from gene action to social interaction. Biological processes, behavioral 
processes, and environmental processes all contribute to the emergence of a 
child capable of sophisticated cognitive, emotional, and social skills. The aim of 
this volume is to present the state of the science, theory, research, and applica-
tion of this biopsychosocial developmental perspective.

The basic notion of a biopsychosocial perspective is that development is 
often a consequence of bidirectional relations between different levels of the 
developing person’s experience. That experience consists of biological and psy-
chological processes that are often difficult to observe, as well as social experi-
ences that may seem to be the more obvious engine of development. However, 
although genes are often thought of as unidirectional influences on human 
development, a biopsychosocial perspective views gene action as both influenc-
ing and influenced by the psychological and social experiences of the individual. 
Similarly, although parents are thought to affect children’s behavior directly, 
evidence from biopsychosocial work clearly demonstrates that parenting may 
influence children’s underlying biological functioning, which, in turn, influ-
ences both children’s behavior and parents’ subsequent responses to that behav-
ior. These kinds of transactional influences across different levels of experience 
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necessitate work that assesses biological, psychological, and social processes 
over time in order to reveal the complexity that characterizes development. The 
work described in this volume attempts to make sense of this complexity. An 
appreciation of such complexity is key to conducting, interpreting, or translat-
ing research on infant development today.

There are five sections to this volume. The first section is intended to pro-
vide readers a basic understanding of the biopsychosocial perspective and its 
emergence as a way of thinking about development that moved the field away 
from the nature versus nurture debate. Toward this end, an introductory chap-
ter familiarizes readers with the general theoretical perspective of the book and 
its roots in genetic and animal research. The second chapter introduces the work 
and legacy of the late Gilbert Gottlieb, whose pioneering work on vocal develop-
ment in mallard ducklings served as the foundation for the reconceptualization 
of models of development to incorporate plasticity as a major principle, rather 
than an exception, in normative growth and change. During his career, Gilbert 
served as a mentor to many scholars of human development; several of them, 
including me, are contributors to this volume. He shared his ideas about how 
his animal work, and the conceptualization of development it implied, could be 
translated to the study of infant and child development.

The next two sections of this volume address developments that fall broadly 
into the categories of perceptual and cognitive developments and social and 
emotional developments, although it is clear that overlap and interaction across 
domains is a hallmark of development. Equally clear from these sections is that 
the study of cognition and emotion from a biopsychosocial perspective, though 
in its own infancy, has made significant progress toward explaining the basic 
processes of attention, language, emotional functioning, and family systems. 
The fourth section of the book addresses mental health and conditions of risk, 
and suggests avenues for prevention and intervention at the biological, psycho-
logical, and social levels. Finally, the concluding chapter addresses the future 
of infancy research within the context of a biopsychosocial perspective and 
emphasizes the significant challenges to a true instantiation of this approach in 
21st-century research.

This volume is intended as a resource for scholars and practitioners who 
work with infants in research, health, and education settings. Its goal is to pro-
vide a basic understanding of the biological, psychological, and social phenom-
ena that are integrated with and integral to the infant’s world and everyday 
functioning in that world. The authors of each chapter cover the behavioral phe-
nomena of interest (e.g., emotion regulation) as well as the biological and social 
factors that are critical components in developmental pathways to competence. 
This volume is appropriate as a text in graduate course work or as a supple-
ment to an upper-level undergraduate course in development. Nonscientists will 
appreciate the message and tone of the section introductions by Bell, Thomp-
son, and Zeanah and Humphreys, while those who wish to have a primer on 
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specific biological and genetic techniques and measures will learn much from 
the individual chapters within each section. The hope is that, with the help of 
this volume and the contributors’ discussions of current research studies and 
findings, principles of a biopsychosocial perspective can be integrated into the 
thinking and perhaps the approach taken by scientists and practitioners alike.

In considering the work presented in this volume, it is important to keep 
in mind that just as infant development is the consequence of many interact-
ing influences and forces, so too is the science of that development. The work 
presented in this volume is the product of both the contributors and several 
influential scientists whose research laid the groundwork for the field as it exists 
today. Although each of the contributors could name his or her own sources of 
influence and inspiration, mine include (in addition to Gilbert Gottlieb) Dante 
Cicchetti, Martha Cox, Tony DeCasper, Alison Fleming, Nathan Fox, Megan 
Gunnar, Steve Porges, Arnold Sameroff, Steve Suomi, and many others whose 
work and ideas—and their willingness to share both—are the foundation of my 
own. I am grateful to have had the opportunity to learn from all of them.
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the Biopsychosocial Lens: Conceptual integration 
across Domains of infant Functioning

The development of the human infant from a seemingly passive, dependent, and 
immature organism at birth to— within a span of 2 to 3 very short years—a 
walking, talking, seemingly independent person, is a truly remarkable process. 
The effort to understand these rapid changes has been the domain of infancy 
researchers for more than 100 years. However, late in the 20th century, the world 
of infancy research entered an exciting and somewhat intellectually and meth-
odologically challenging era. The introduction of sophisticated technology, pro-
viding access to genetic and physiological processes, allowed scientists to study 
developmental changes that were hard to access observationally. Ultimately, this 
led to a more integrated view of human development that incorporated the mul-
tiple biological and behavioral factors that conspired, in sometimes unknown 
ways, to produce unique developmental processes and pathways. Changes in the 
way scientists thought about development shifted rapidly and substantially from 
a purely maturational perspective (growth causes change) to an environmental 
perspective (family causes change) to a biological perspective (development is 
gene driven), and finally to variations on the interactionist theme: nature (genes 
and biology) and nurture (families, peers, and culture) interacted in complex 
ways to produce a range of developmental outcomes.

Clearly, the recent interactionist perspectives hold the most promise 
for understanding how biology, behavior, and environment all contribute to 

C h a P t e r  1

Introduction to the Volume
Seeing Infant Development through a Biopsychosocial Lens

Susan D. Calkins
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developmental outcomes. As such, the aim of this volume is to present recent, 
novel, and paradigm- shifting work that has viewed infant development through 
a biopsychosocial lens. This lens offers a unique perspective on a period of life 
characterized by rapid changes across different domains of function, broadly 
characterized as biological, psychological, and social. And, this perspective has 
implications for how we think about, study, and analyze the data we collect 
about infants in these different domains.

The conceptual integration of biological, behavioral, and social levels 
of analysis (Gottlieb, 2007) has been referred to in various ways, including 
developmental science (Cairns, Elder, & Costello, 1996) and developmental 
or dynamic systems theory (Lewkowicz, 2011; Lickliter, 2008). Regardless of 
the label, these approaches articulate clear support for a unique perspective 
on development, one that gives greater acknowledgment of the complex and 
reciprocal, rather than prescriptive, role of biological processes in transactional 
models of development (Calkins, 2011; Sameroff, 2010). The biopsychosocial 
perspective aims to account for the processes and mechanisms responsible for 
growth and change in structure and functioning in children, within the context 
of families and the broader social context, and with an appreciation of the con-
tribution of underlying biological processes.

The articulation of the basic principles of the biopsychosocial approach was 
stimulated by several landmark studies of genetic and biological processes in 
humans and animals. This work led to reformulations of developmental theory 
and, eventually, a movement toward empirical designs and analytical techniques 
crafted specifically to reveal the dynamic nature of early development. Thus, the 
biopsychosocial lens we rely on in this volume provides scholars of infancy with 
a view of development that crosses multiple levels within and between individu-
als. The focus of the work in this volume varies considerably from chapter to 
chapter; as a whole, the work presented here encompasses the genetic, neural, 
physiological, psychological, familial, and contextual levels of individual func-
tioning, and together yield a richer understanding of the daunting complexity of 
human infants and their worlds.

emergence of the Biopsychosocial Perspective in the Study 
of infancy

The contemporary study of infant development has yielded remarkable growth 
in our understanding of the very early emerging skills and abilities of young 
children. Historically, efforts to study human infants viewed them as some-
what passive creatures whose development depended largely on the matu-
ration of the brain and on the interventions of others. Soon, however, clever 
research methodologies evolved for studying the appearance and development 
of skills in humans lacking the linguistic skills to reveal their cognitive and 
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social knowledge. These methodologies capitalized on the primitive abilities of 
infants— looking, sucking, and motor movement— to infer skills and knowledge 
that ranged from the perceptual to the social. In this way, science began to view 
infants as active participants in their own development, capable of using their 
social environments to facilitate subsequent learning and skill development. A 
large body of infancy research conducted throughout the latter half of the 20th 
century adopted this perspective and focused on identifying patterns of abili-
ties and developments in the broad domains of emotion and cognition, as well 
on studying the significance of individual differences in these domains for later 
functioning, adaptation, and mental health (cf. Bremner & Fogel, 2004).

Two significant changes in the field of child development in the late 20th 
and early 21st centuries, one conceptual and one methodological, again altered 
our view of infancy, this time to one that acknowledged the complex interac-
tions among the child’s biology, his or her behaviors, and his or her environment 
(Gottlieb, 2007; Sameroff, 2010; Shonkoff, 2010). First, the field of psychol-
ogy more broadly, and developmental psychology in particular, began to con-
cede that the “nature– nurture” debate was irrelevant, because the partitioning 
of genetic and environmental influences in development was likely impossible 
given their interdependence (Lewkowicz, 2011; Meaney, 2010). Instead, the 
field began to embrace a more complex view of development that considered 
how dimensions of both nature and nurture dynamically interact across time. 
The movement toward this perspective was precipitated by studies of the role 
of genes in human and animal behavioral and biological phenomena that illu-
minated the complex ways that genes and environments both participate in the 
developmental process.

The first such investigations were done with nonhuman animals and retro-
spective studies of human adults. For example, several pioneering animal studies 
focused on the serotonin transporter gene. A repeat length polymorphism in the 
promoter region of this gene (5-HTTLPR) has been shown to affect the rate of 
serotonin uptake and may play a role in a range of problematic behavioral out-
comes, including aggression. This work revealed that rhesus monkeys that were 
raised by peers, rather than mothers, exhibited more behavioral and physiologi-
cal problems (alcohol consumption, poor stress reactivity), and deficits in self- 
regulation (impulsivity, inappropriate aggression, orienting problems, risk tak-
ing) if they possessed the risk allele of the serotonin transporter- linked promoter 
region (5-HTTLPR; s/s or s/l) instead of the nonrisk allele (l/l). These findings 
suggest that the risk allele of the serotonin transporter gene was only predictive 
of maladaptive outcomes for monkeys in poor- quality rearing environments. 
For those monkeys that experienced a natural and supportive mother– infant 
relationship, there was no effect of genotype (Barr et al., 2004; Bennett et al., 
2002; Champoux et al., 2002; Suomi, 2006).

Similarly, in two influential studies of gene– environment (G–E) interac-
tions in human adults, Caspi and colleagues (2002) found that early adverse 
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experience alone did not predict adult psychopathology. As with the animal 
studies described previously, adults carrying the risk (s/s or s/l) allele of sero-
tonin were more likely to be depressed when they experienced stressful life 
events than adults without the short allele or those with the short allele who did 
not experience stressful life events (Caspi et al., 2002). In a second study, they 
found that childhood maltreatment alone did not predict antisocial behavior in 
adulthood, but rather that there was a significantly higher chance of developing 
later antisocial behavior for those individuals who possessed the risk allele of 
the functional polymorphism of the monoamine oxidase A (MAOA) gene and 
also experienced maltreatment (Caspi et al., 2003).

The study of G–E interaction suggests that the environment in which genes 
are expressed alters behavioral outcomes. However, the characterization of this 
interaction is far from simple and the mechanisms through which development 
occurs are quite complex. For example, other animal work demonstrates quite 
convincingly that the effect of the environment occurs at both the biological and 
behavioral levels. For example, Meaney and colleagues have studied the rearing 
experience of rat pups and its role in the development of the hypothalamic– 
pituitary– adrenocortical (HPA) axis, which is principally involved in the behav-
ioral response to stress (Meaney, 2010). Rat mothers naturally differ in the 
amount of “licking and grooming” (LG) caregiving behaviors they provide their 
pups; high amounts of these behaviors appear to influence the development of 
the rat pup’s developing stress system. Rat pups of low-LG mothers that are 
cross- fostered with high-LG mothers become themselves less stress reactive, 
both physiologically and behaviorally, suggesting that the environmental expo-
sure to different caregiving experiences alters the expression of genes that are 
implicated in the development of the stress system (Champagne et al., 2008; 
Meaney, 2010).

These influential studies of the dynamic influences across genetic, physio-
logical, and behavioral levels has guided recent work in the field of infant devel-
opment. In one such study, researchers examined the effect of the dopamine 
receptor gene D2 (DRD2) on infant physiological responses to stress over the 
first year of life in the context of infants’ experiences with caregivers (Propper et 
al., 2008). Infants possessing the taq1 A1 polymorphism of DRD2, associated 
with impulse- control problems and sensation- seeking behaviors, who were also 
exposed to sensitive maternal caregiving over the first year of life, exhibited a 
more optimal and expected cardiac response to stress at 12 months of age, com-
parable to the cardiac reactivity of those infants possessing the nonrisk version 
of the gene. Infants without the risk allele displayed typical and effective cardiac 
response to stress regardless of whether mothers were sensitive, suggesting that 
the caregiving environment may, in fact, be less important for their regulatory 
outcomes.

So, as the scientific understanding of human genetic and psychobio-
logical processes has grown, scholars have come to abandon the notion that 
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development is gene driven and instead have adopted an appreciation of recipro-
cal processes at all levels of development. This perspective has led to a shift in 
focus in the field of developmental psychology, and in the study of infant devel-
opment in particular, that has influenced our attempts to understand and study 
how specific behavioral developments emerge and influence infant development 
and functioning, as well as how those developments feedback to influence both 
biological and social processes. Scientists have come to view development as a 
fundamentally dynamic process involving transactions between the child and 
his or her environment that influence children’s development, and the behavior 
of those who comprise their environment, at multiple biological and behavioral 
levels (e.g., Blair, 2002; Calkins, 2011; Lewkowicz, 2011).

empirical implications of a Biopsychosocial Perspective

According to the biopsychosocial perspective, the child’s biology, behavior, 
and social environment are changing one another continually over the course 
of development. This view of development has emerged because the science 
of development, and the empirical work that investigates these processes, has 
become much more interdisciplinary in nature and begun to incorporate bio-
logical constructs and principles, as well as empirical measures and findings, 
from the fields of genetics, neuroscience, comparative psychology, psychobiol-
ogy, and psychophysiology. This interdisciplinary nature of the perspective has 
led to new challenges in the study of infant development.

Understanding development in such a comprehensive and transactional way 
implies that investigators adopt a multilevel perspective, and perhaps as well, to 
actually study development across different levels of influences, ranging from 
the genetic to the social (Gottlieb, 2007). This multilevel perspective led to a 
critical empirical shift in the way development is studied both in the laboratory 
and in the field. Over the last several years, multilevel empirical approaches to 
the study of infant development have proliferated. Investigators traditionally 
interested in a specific behavioral phenomenon such as temperament, memory, 
or attachment began to view these behaviors as embedded in a complex system 
of biological and social processes. And, as this volume reflects, the work that 
has emerged has surveyed a diversity of specific indicators of these processes, 
often using longitudinal designs to study children and their environments over 
time.

One area of growth in this work has been the specification of what con-
stitutes “environment.” Although the term often applies to the family environ-
ment, more recently, we have begun to broaden and deepen our understanding 
of this term, describing the family and its functioning at a more micro level, and 
going beyond the family to the larger social and cultural world in which the child 
and the family are embedded. Moreover, when considering G–E interaction, the 
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environment consists of everything from the cellular to the social. Indeed, as 
Shanahan and Hofer (2005) noted, the E in G–E might best be conceptualized 
as exposure, a term that highlights the range of processes that may alter the 
pathway initiated by the gene’s cellular action at biological and behavioral levels 
across development.

In addition to the challenges of design and choice of methods that are inher-
ent in work addressing biopsychosocial processes, analytical challenges are 
substantial as well. The models that have been proposed are often depicted in 
ways that visually represent the various levels and their interdependence, but the 
translation of these models to statistical analysis has been slower in emerging. 
Much of the early work on infant development relied on relatively simplistic 
correlations and regressions to examine longitudinal developmental associa-
tions. Cutting- edge research driven by theoretical models designed to capture 
the multiple levels of functioning and how these levels change over time requires 
appropriately sophisticated analytical techniques.

The analytic landscape is rapidly evolving in an effort to meet this need and 
new advanced statistical techniques are being developed for both person- and 
variable- centered analyses. Within variable- centered approaches, techniques 
such as repeated measures analysis of variance and regression analyses have 
been overshadowed by growth curve modeling, path analyses, and time series 
analyses, with the goal of describing the trajectories of change in variables that 
are central to infant functioning and identifying multiple predictors of deviation 
from those trajectories (Laursen & Hoff, 2006). Researchers have also begun 
to use more person- centered approaches including profile or class analyses to 
address questions regarding group or individual differences in patterns of devel-
opment across time and associations among variables at multiple levels of child 
functioning. Measurement challenges are associated with these techniques, but 
nevertheless, they offer a means through which researchers can examine trajec-
tories and complex associations among behavioral constructs of interest. A key 
point here is that, often, developmental pathway models, which are clearly well 
suited to the longitudinal study of infant development, predated the statistical 
techniques to test them (Curran & Willoughby, 2003). Nevertheless, the ongo-
ing development and refinement of statistical methods to test such models is key 
to further advances in this area.

The adoption of a biopsychosocial perspective on infant development has 
produced a corpus of work that is rich, though often challenging to integrate, 
a consequence that may be largely a function of its relative youth compared 
with the larger body of more traditional developmental research. Importantly, 
though, these studies routinely reveal a complexity in development that has 
changed the way we think about development in general and that have moti-
vated efforts to identify specific pathways to optimal versus compromised out-
comes in childhood. Moreover, studying development across levels of biology, 
behavior, and environment provides us with insight into the more proximal 
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developmental mechanisms and processes that affect both infant development 
and the environments in which infants develop, and that can help us to identify 
critical points of entry for early intervention and prevention. In short, a biopsy-
chosocial lens on development holds the promise of advancing the theoretical, 
empirical, analytical, and translational agenda of the field of infancy.

Overview of this Volume

The goal of this volume is to provide a selective review of current, cutting- 
edge work that assesses infant functioning across different biological, behav-
ioral, and/or contextual levels to inform our understanding of development. 
The authors selected for inclusion in this volume are each conducting research 
from within a biopsychosocial perspective, incorporating into their work at 
least two levels of analysis, from the genetic to the environmental. As is clear 
from the work presented in this volume, integrating this perspective into their 
work has challenged infancy researchers to grapple with complex conceptual, 
empirical, and analytical problems. Many questions remain about how best to 
consider how these transactional processes operate across time and context; 
how to measure and analyze biological, behavioral, and social processes that 
may be difficult to disentangle; and how to translate those findings into strate-
gies to positively influence outcomes for young children. Nevertheless, clear 
from this volume is that these challenges are being met and the field of infancy 
is quickly evolving to reflect the rapid pace of empirical and analytical advances. 
In adopting a multilevel approach— a biopsychosocial approach— this volume 
will provide a conceptual, empirical, and translational road map for research on 
infant development in the 21st century.
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Gilbert Gottlieb’s developmental research, both empirical and theoretical, 
provides much of the foundation for the biopsychosocial approach rep-

resented in this volume. This brief chapter summarizes the salient features of 
Gottlieb’s contributions to developmental theory under three broad headings:

1. The perspective of probabilistic epigenesis.
2. The importance of multiple levels of analysis.
3. The diverse roles of experience in development.

All three contributions derived from Gottlieb’s empirical research on the 
development of species recognition in ducklings (see Gottlieb, 1971, 1997, for 
summaries), from which he drew general theoretical insights that apply to both 
human and nonhuman behavioral development.

the Perspective of Probabilistic epigenesis

Along with many other developmentalists, Gottlieb rejected the idea that differ-
ent behaviors can be given categorically distinct developmental explanations. In 
particular, he rejected the classification of behaviors, or features of behavior, as 
either innate (genetically determined) or acquired (experientially determined). 
One of the strongest influences on Gottlieb’s thinking about development was 
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the work of Zing-Yang Kuo who, beginning in the 1920s, published a series of 
articles questioning the explanatory utility of the concept of instinct. Like some 
other writers of the period, Kuo was reacting to the widespread use of instinct 
in psychology to explain almost any animal or human behavior that was not 
clearly the result of learning and experience. William James, in his seminal text-
book of psychology (James, 1890, Ch. 10), listed over 20 human instincts to 
explain a wide range of human behaviors. Subsequently, the social psycholo-
gist William McDougall (1908) developed his hormic psychology, a general 
account of animal and human behavior in which a carefully elaborated theory 
of instinct played a central role. Kuo’s first paper (1921), written while he was 
an undergraduate student at the University of California at Berkeley, was one 
of the earliest to criticize the unrestrained use of instinct as an explanation for 
behavior and gave rise to what became known as the anti- instinct movement. 
Kuo also conducted extensive experimental studies of development in nonhu-
man animals, and devised a technique for visualizing the embryonic behavior 
of ducklings, allowing him to trace the developmental origins of behavior into 
prenatal life. In 1963, Gottlieb invited Kuo to visit his laboratory in Raleigh, 
North Carolina, and started a long series of experiments on the prenatal origins 
of behavior in several species, primarily the mallard duck (Anas platyrhynchos).

Mallard ducklings show a strong and selective approach response to a 
particular call, the maternal assembly call, uttered by the mother duck. This 
response is seen most readily shortly after hatching, when the mother gives the 
call to lead her brood off the nest. The fact that the response appears very 
soon after hatching and occurs without any prior exposure to the call (which is 
not given by nesting females), diagnoses it as innate or instinctive according to 
the conventional definitions, and to the distinction between innate and learned 
behavior. However, Gottlieb’s experimental research demonstrated that the 
ducklings’ response to the maternal call is not independent of experience, as the 
diagnosis of innateness implies. During the last few days of incubation before 
hatching, the embryonic duckling pushes its bill into the airspace at the blunt end 
of the egg and begins to emit vocalizations (see Gottlieb, 1997, p. 22, Fig. 2.2). 
Using a devocalization procedure developed with John Vandenbergh ( Gottlieb 
& Vandenbergh, 1968), Gottlieb was able to show that prenatal auditory expo-
sure to those self- produced vocalizations is both necessary and sufficient for 
the selective postnatal response to the maternal call to develop normally. This 
experimental finding led him to articulate a view of behavioral development 
that was grounded in Kuo’s anti- instinct writings, and that he refined and elabo-
rated over the subsequent decades. The general perspective, which also owes 
much to other writers (see below), goes under various names, including interac-
tionism, transactionalism, and dynamic systems theory, but Gottlieb referred to 
it as probabilistic epigenesis. Let’s briefly examine the historical background to 
this theoretical viewpoint.

At the beginning of the 20th century, the designation of certain behaviors 
in both animals and humans as instinctive was quite unproblematic. The term 
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was applied to behavior that appears in a more or less fully developed form 
without the need for experience and is performed without the need for volition 
or conscious control. As noted above, turn-of-the- century psychologists freely 
invoked instinct to explain numerous behaviors that seemed to share these 
characteristics. Many of them drew on Darwin’s theory of evolution by natural 
selection to justify their application of instinct to both humans and nonhumans, 
and this seemed to ground the concept firmly in an important body of emerging 
biological theory. Instincts were explained by reference to evolutionary mecha-
nisms and, in consequence, seemed not to require any particular developmental 
explanation. They were thought to appear in a predetermined way, the outcome 
of internal maturational processes that could perhaps be explained in physiolog-
ical or anatomical terms, but required no special attention from psychologists.

The anti- instinct movement, of which Kuo was an important architect (see 
Bernard, 1921; Carmichael, 1925; Dunlap, 1919, 1922; Tolman, 1922, for 
other early contributions), gained traction primarily by questioning the explan-
atory adequacy of instinct. As Kuo (1924) pointed out, a psychology of instinct 
is a “finished psychology.” It purports to explain but all it really does is to label, 
and having labeled certain behaviors as instinctive, we seem to be under no obli-
gation to provide any further explanation. Kuo objected that, to the contrary, 
all behaviors have a developmental history and the psychologist who wishes 
to explain the development of behavior must also explain the development of 
instincts. But how? Kuo and his fellow anti- instinctivists had no good answer to 
this question and so by default, instinct continued to be widely accepted as an 
explanation for behavior through the first half of the 20th century. Especially 
important in the development of mid-20th- century instinct theory was the work 
of European ethologists such as Konrad Lorenz (1935, 1937, 1956).

Lorenz and his colleagues articulated a theory of instinct that was firmly 
grounded in evolutionary biology and drew on extensive observations and 
experiments on behavior in a wide variety of animal species, mostly under 
natural conditions in the field. To these elements, which had been in place in 
the biological study of behavior since the late 19th century (Richards, 1987), 
Lorenz added a high degree of theoretical precision and eventually, and most 
important, an apparent explanation for the development of instinct by reference 
to significant contemporary advances in genetics (Lorenz, 1965). The distinc-
tion between the phenotype (the discernible appearance of an organism) and 
the genotype (the composition of its hereditary material) had been understood 
since early in the century (Johannsen, 1909), but it was not until the elucidation 
of the structure of deoxyribonucleic acid (DNA) by Watson and Crick (1953) 
that it became possible to understand in outline how the hereditary material 
might specify phenotypic characters, including behavior. Asserting a strict sepa-
ration between acquired and instinctive behavior, Lorenz attributed the for-
mer straightforwardly to learning and other experiential mechanisms (such as 
imprinting) and explained the development of instincts as a process of matura-
tion under the control of genetic information.



14 PART I. SETTING THE STAGE 

In Lorenz’s writing, maturation (often “strictly determined maturation”) 
involves the passive and predetermined unfolding of fixed genetic information 
that directly and precisely specifies the organization of instinctive behavior. 
Lorenz consistently insisted on a strict separation between acquired and instinc-
tive behavior, and on the strict specification of the latter by the genes. His theo-
retical views elicited significant criticism, especially from a group of American 
comparative psychologists with whom Gottlieb was closely associated, most 
notably T. C. Schneirla (1949, 1956, 1966) and Daniel S. Lehrman (1953, 1970). 
Their argument was that behavior cannot be neatly divided into the mutually 
exclusive categories of learned and instinctive, and that Lorenz’s claim that the 
genes directly specify some aspects of the behavioral phenotype seriously mis-
represents the nature of development. Lehrman’s criticism was especially clearly 
stated and influential (Silver & Rosenblatt, 1987; Johnston, 2001) and presaged 
many of the features that Gottlieb would later incorporate into his theory of 
probabilistic epigenesis. Lehrman (1953) described several experimental results 
showing important roles for experience in the development of behavior that are 
not readily diagnosed as instances of learning, showing that the contributions of 
experience are more complex than can be captured by the distinction between 
learned and innate behavior. Echoing Kuo, he wrote, “To say of a behavior that 
it develops by maturation is tantamount to saying that the obvious forms of 
learning do not influence it, and that we therefore do not consider it necessary 
to investigate its ontogeny further” (Lehrman, 1953, pp. 344–345).

One of Lehrman’s important insights was to recognize the logical inade-
quacy of the isolation or deprivation experiment that Lorenz and others proposed 
as the best experimental tool for identifying innate or instinctive behaviors. In 
the deprivation experiment, an animal is raised in conditions that deprive it of 
any opportunity to learn or to practice a particular behavior. If, despite the lack 
of such opportunity, the behavior nonetheless appears in its usual form, it can 
be reliably diagnosed as innate, the result of genetically determined maturation. 
Lehrman (1953) pointed out that although one can deprive an animal of some 
experiences in the course of rearing, it is impossible to deprive it of all sensory 
stimulation— the animal must be reared in some environment and be exposed 
to some stimulation. In particular, he noted, the animal will always be exposed 
to stimulation produced by its own activity and such self- produced stimulation 
may well contribute to the development of behavior that appears even after rear-
ing in very deprived conditions. Both the idea that experience may play more 
roles in development than those identified by various forms of learning and the 
potential importance of self- stimulation to development became important ele-
ments of Gottlieb’s theory of probabilistic epigenesis (see further below).

A key idea in probabilistic epigenesis is the importance of bidirectional 
interactions in development. Whereas predetermined epigenesis (i.e., Lorenz’s 
“strictly determined maturation”) postulates unidirectional causation in the 
pathway from genes to behavior, probabilistic epigenesis inserts bidirectional 
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relationships. Gottlieb first introduced the developmental importance of bidi-
rectional interactions in a chapter on prenatal behavior published in 1970 
(although written several years earlier, in 1965; see Gottlieb, 1997, p. 13, 
footnote). He drew on a number of experiments to illustrate how embryonic 
behavior is not only affected by developing anatomical structures but can itself 
influence the development of those structures. Rather than conceiving of the 
relationship between structure and function (which includes both overt behav-
ior and physiological activity) as predetermined and unidirectional (structure → 
function), Gottlieb argued that it should be viewed as probabilistic and bidirec-
tional (structure ↔ function). He chose the term probabilistic in this context 
to recognize the fact that “the behavioral development of individuals within a 
species does not follow an invariant or inevitable course, and, more specifically, 
that the sequence or outcome of individual behavioral development is probable 
(with respect to norms) rather than certain” (Gottlieb, 1970, p. 123). Thus, 
whereas adherents of the predetermined view hold that if a behavior develops 
prenatally at all, it will develop in only a single determinate way, the probabi-
listic view maintains that modifications in function may produce variations in 
structural, and thus in subsequent functional, development.

Although in this chapter Gottlieb (1970) was writing specifically about pre-
natal behavior, the domain in which he carried out the great majority of his 
own experimental work, in his later writings he applied his analysis to behavior 
across the entire lifespan. The very stable and highly constrained world of the 
embryo tends to restrict naturally occurring variation in experiential input to 
development, making it easy to overlook (from a probabilistic perspective) the 
developmental contributions of that experience. Furthermore, behaviors that 
appear very early in postnatal life, immediately after birth or hatching, have 
been taken as innate or instinctive precisely because there seems to have been no 
opportunity for experience to play any role in their development. The manipula-
tion of prenatal experience thus provides especially potent evidence to support 
a probabilistic view of development in general.

the importance of Multiple Levels of analysis

The idea that developmental analysis must involve multiple levels of explanation 
is integral both to probabilistic epigenesis and to the biopsychosocial approach 
represented by the contributions to this volume. Gottlieb clearly articulated 
such multilevel thinking in several of his theoretical publications, arguing in 
particular that bidirectional interactions among genetic, neural, behavioral, and 
environmental influences are pervasive in development and must be investigated 
empirically and incorporated into our explanations.

Gottlieb’s (1970) initial conception of probabilistic epigenesis dealt only 
with two levels of analysis: the structural (anatomical) composition of the 
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organism and the functional (physiological, behavioral) activity made possi-
ble by that structure. For behavior, neural structure and function is especially 
important, but Gottlieb, like Kuo and Lehrman before him, also acknowledged 
the importance of taking non- neural structures into account when considering 
the development of behavior. Lehrman (1953, p. 344) had suggested that the 
gradual improvement of pecking accuracy in young chicks may be influenced 
as much by the animal’s growing muscular strength and stability as it is by 
either practice or a mysterious underlying maturational process. In a similar 
vein, one of Gottlieb’s examples of the reciprocal interactions of structure and 
function was the finding that immobilization of the joints of the legs causes ana-
tomical malformations in chick embryos (Drachman & Sokoloff, 1966). More 
recently, Thelen and her colleagues have demonstrated the importance of physi-
cal growth for understanding the development of locomotion in human infants 
(Thelen, 1995; Thelen, Kelso, & Fogel, 1987).

According to predetermined epigenesis, anatomical structure arises through 
a maturational process that is controlled by the genes. Gottlieb’s (1970) initial 
explication of probabilistic epigenesis made no direct mention of genetic influ-
ences in development, but by 1971 his depictions of epigenesis began to include 
a recognition of the genes as precursors of structural maturation. Interestingly, 
his initial depiction of the genetic contribution (Gottlieb, 1971, p. 6) showed 
the relationship between genes and structure as unidirectional, whereas the 
other relationships are bidirectional. However, subsequent formulations consis-
tently include a bidirectional arrow between genes and structure (e.g., Gottlieb, 
1976a, 1983, 1992, 1997):

genes ↔ structural maturation ↔ function

Gottlieb had long suspected that gene activity is itself susceptible to devel-
opmental influences. In his 1976 Psychological Review article (Gottlieb, 1976a, 
p. 219) he hinted that such influences probably occur and, although he provided 
no direct evidence, he apparently felt sufficiently sure that they do occur to 
use a bidirectional arrow, with its implication of reciprocal causal influence. 
It is apparent, however, that Gottlieb’s belief that bidirectional influences are 
pervasive in development and include the genes long predates that publica-
tion. In a short essay written just a few years before his death (Gottlieb, 2001, 
pp. 45–46), he relates how in the mid-1960s he tried to persuade a neurobiolo-
gist colleague to compare the ribonucleic acid (RNA) and protein composition 
of neurons in the brains of normal and devocalized ducklings, showing that his 
emerging probabilistic viewpoint readily allowed him to imagine that reciprocal 
interactions would be found at all levels of analysis of the developing organism. 
By this time, there were a few scattered results in the experimental literature 
demonstrating that experience could affect RNA and protein diversity (Hydén 
& Egyházi, 1962, 1964; Rose, 1967), and by the late 1970s an established 



 2. Gilbert Gottlieb and the Biopsychosocial Perspective 17

literature was beginning to emerge (e.g., Grouse, Schrier, Bennett, Rosenzweig, 
& Nelson, 1978; Rosenzweig & Bennett, 1978; Uphouse & Bonner, 1975). It 
was becoming clear that gene activity is not autonomous, as implied by Lorenz’s 
(1965) idea of strictly determined maturation caused by the genes, but is itself 
modified by physiological events, some of which are responses to sensory stimu-
lation.

The inclusion of bidirectional influences affecting the genes extended the 
levels of analysis encompassed by Gottlieb’s theoretical views and, most impor-
tant, made the genes integral components of the developing system, rather than 
allowing them to stand outside the process of developmental change as a kind 
of “unmoved mover.” It is interesting that writers who have objected to the 
learned- innate distinction, in part by pointing out roles for experience that are 
not clearly instances of learning, have often been accused of de- emphasizing, 
or even ignoring, the role of genetic influences and espousing a radical kind 
of environmentalism (see, e.g., the reactions to Lehrman’s critique of Lorenz, 
discussed in Johnston, 2001). It is, of course, true that biopsychologists like 
 Schneirla and Lehrman had little to say in detail about how the genes might 
influence development and more to say about the contributions of experience. 
Remember that Lehrman published his critique of Lorenz in the same year in 
which James Watson and Francis Crick published their paper proposing the 
double- helical structure of the DNA molecule (Watson & Crick, 1953). The 
study of molecular genetics was itself in an early embryonic phase at that time 
and there was simply very little information available about gene function. Once 
the information did start to become available, Gottlieb readily incorporated it 
into his probabilistic thinking about development.

The term function in Gottlieb’s various depictions of probabilistic epigen-
esis requires some unpacking. It encompasses both physiological function and 
overt behavior (Gottlieb, 1970) and also includes experience (Gottlieb, 1997, 
p. 90). Experience, in turn, may be produced either by the organism itself (as in 
the prenatal self- stimulation that Gottlieb studied in his experiments with duck-
lings), or by the external environment. Components of the environment can be 
classified in a number of different ways. Gottlieb himself (e.g., 1992, p. 186) 
referred to physical, social, and cultural components, but other kinds of clas-
sification are possible and, indeed, the distinctions among these three categories 
are far from clear. Is the auditory environment of a human infant growing up 
in a French- speaking community physical, social, or cultural? The answer is, of 
course, “all three,” and whether the focus should be on physical, social, or cul-
tural descriptors of the environment depends on the interests of the investigator 
and the questions being investigated.

The difficulty inherent in describing “the environment” highlights an inter-
esting theoretical challenge for multilevel approaches to developmental analysis, 
which I call the problem of taxonomic incompatibility between levels. That is, 
descriptors that apply at one level often do not map cleanly on to descriptors 
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at some other level. This problem is most evident when we consider genetic 
contributions to the development of behavior, and it has consistently bedeviled 
attempts to clarify our thinking about that issue. We now clearly understand, 
in a way that we did not during much of the period when theoretical ideas 
about behavioral development were taking shape, that genes are molecules, and 
what they do is to regulate the production of other molecules, specifically mes-
senger RNA (mRNA) and thus, indirectly, proteins. Behavior, of course, is not 
made up of molecules and mapping the molecular taxonomy of the genes on to 
the distinctly nonmolecular taxonomy of behavior has been, to put it mildly, 
problematic. One very influential mapping strategy has been via the concept 
of information. In response to Lehrman’s (1953) criticism that neither genes 
nor environment alone could be said to determine or specify behavior directly, 
Lorenz (1965) reframed his position in terms of the information for behavior. 
Information, he said, could come either from the genes (in which case the behav-
ior is innate) or from the environment (in which case the behavior is acquired). 
Although the information metaphor seems to solve the problem of taxonomic 
incompatibility by using a language that can be applied to different levels of 
analysis, it is in fact deeply flawed (see Oyama, 1985, 2000; Johnston, 1987) 
and has created serious problems for developmental theory.

Although Gottlieb’s own experimental work focused primarily on the 
developmental effects of self- produced physical (auditory) stimulation (Gottlieb, 
1971), he saw the multilevel approach to development as essential to the full 
understanding of developmental processes across the entire lifespan. Indeed, 
he conducted experiments with colleagues examining the effects of the postna-
tal social environment on the malleability of auditory preferences in ducklings 
(e.g., Gottlieb, 1991c, 1997). His theoretical writings show that he expected a 
fully multilevel approach to be the only viable approach to a complete develop-
mental analysis. This recognition was a logical consequence of his probabilis-
tic approach, not merely an incidental feature of probabilistic epigenesis. The 
essence of the probabilistic approach is that developmental causes do not act 
in isolation; rather, they interact in a reciprocal fashion, as shown by the bidi-
rectional arrows in Gottlieb’s depictions. It is obviously important from that 
perspective to ensure that one has considered all the possible interactions that 
might affect the development of the behavior under consideration. Hence, a 
multilevel approach is required to encompass as many factors on as many levels 
as necessary to the complete analysis.

the Diverse Roles of experience in Development

Given the focus of Gottlieb’s experimental research on experiential contribu-
tions to development, it is not surprising that he devoted careful attention to the 
question of how those contributions should be classified and understood. For 
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a good part of the 20th century, the paradigm for understanding experiential 
contributions to development was provided by the various theories of learning 
that made up much experimental psychological research. The nature of those 
theories changed over time, from John B. Watson’s (1924) classical behavior-
ism, through various versions of neobehaviorism, to the more cognitive theories 
that became prevalent after about 1960. However, so long as the distinction 
between innate and acquired behavior was considered to be productive, it was 
widely accepted that the development of innate behaviors would be explained 
by genetic mechanisms and the development of acquired behaviors by the mech-
anisms of learning. Learning, however it was conceived in detail, thus defined 
the role that experience plays in behavioral development.

Schneirla and Lehrman, in their criticisms of the traditional conception of 
development, both pointed out the limitations inherent in defining experience 
as synonymous with learning. Both of them wanted to expand the concept of 
experience to include a much wider range of influences. As discussed above, 
 Lehrman (1953) paid special attention to the logical weaknesses of the depriva-
tion experiment in his critique of Lorenz’s theory of instinct. He pointed out that 
no experiment can deprive an animal of all experience and that the most one 
can conclude from a deprivation experiment is that the particular experiences 
that have been excluded do not play a role in the development of any behavior 
that appears normally. A deprivation experiment may provide grounds to rule 
out a role for learning in the development of some behavior but, said Lehrman, 
it does not rule out a role for experience. His analysis gave special weight to the 
need for a more nuanced taxonomy of experiential effects on behavioral devel-
opment than simply “learning” or “not learning.”

Gottlieb’s own research provided a rich source of data on which to base 
such a taxonomy. In his studies of the mallard duckling’s response to the mater-
nal call, Gottlieb found that ducklings that are deprived of the experience of 
hearing their own embryonic calls (by devocalizing them and rearing them in 
isolated, sound- proofed incubators) do not show the species- typical response to 
the maternal call after hatching. However, if a recording of the embryonic call is 
played to these devocalized ducklings at the appropriate time during incubation, 
the postnatal response to the maternal call is reinstated. These two results show 
that prenatal exposure to the embryonic call is both necessary and sufficient for 
the normal postnatal development of the specific response to the maternal call 
(see Gottlieb, 1971).

Gottlieb’s experiments revealed yet another important feature of the devel-
opmental role of this prenatal self- produced experience. The embryonic duck-
ling demonstrates a specific response to the maternal call even before it begins 
emitting calls in the egg around day 22 of incubation. Naturally, the behavior 
used to demonstrate this specificity differs between the prenatal and postnatal 
periods. After hatching, response specificity is shown by locomotor approach 
behavior in a choice test. However, before hatching, the embryo periodically 
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engages in bill- clapping, a behavior that is specifically inhibited by playing a 
recording of the maternal call. Thus, the specificity of response appears before 
the embryo begins to makes its own calls, and hearing the (self- produced) 
embryonic call is necessary to maintain that specificity into postnatal life.

Maintenance is one of three roles of experience that Gottlieb proposed in 
subsequent theoretical papers (Gottlieb, 1976a, 1976b, 1981). The other two 
are facilitation and induction. Facilitation is demonstrated when the behavior 
does develop in the absence of the facilitating experience, but its development 
is delayed so that it appears later in life than normal. Induction is perhaps the 
most familiar role of experience and is demonstrated when the behavior does 
not develop at all in the absence of the inducing experience. In most conven-
tional examples of learning, experience plays an inductive role. Aslin (1981) 
later added two roles to Gottlieb’s classification. One of the these, attunement, 
is best understood as a refinement of facilitation and occurs when a behavior 
reaches a less fully developed state (on some metric or other) than normal in the 
absence of the attuning experience. To use Aslin’s own example, attunement is 
shown if a specific level of perceptual acuity develops when the attuning experi-
ence is available, but a lower level of acuity develops when that experience is 
withheld. Aslin’s second additional role, which he called maturation, is shown 
when the behavior develops similarly with or without exposure to the experi-
ence. However, this really amounts to a demonstration that the experience in 
question plays no role in the development of a specific behavior.

One of Gottlieb’s most distinctive but often overlooked theoretical con-
tributions is his recognition that important experiential contributions may not 
always be obviously related to the behavior in whose development they play a 
role. In many cases where the development of behavior depends on experience, 
there is what might be called a rational relationship (Johnston, 1997) between 
the behavior and the experience that is (perhaps only putatively) required for its 
development. Thus, for example, it makes rational sense that the development of 
species- specific song in the chaffinch might depend on hearing the song of adult 
birds or that accuracy of pecking in gull chicks might improve with practice, 
and indeed both of these possibilities have been empirically verified (by Thorpe, 
1958, and Hailman, 1967, respectively). It also seems rationally plausible that a 
duckling might have to hear the maternal call of its species while still in the egg 
in order to show a selective attraction to the call after hatching, even though 
that turns out not to be the case. But there is no obvious reason for supposing 
a priori that the duckling should have to hear its own calls in order to dem-
onstrate this specificity after hatching. This is what Gottlieb (1981, 1992; see 
Miller, 1997) called a nonobvious role for experience in development.

Gottlieb’s experimental work, like Schneirla’s and Lehrman’s, was based 
in naturalistic observations of his subjects’ behavior (Gottlieb, 1971, Ch. 1). 
In this respect, if not in many others, their approach was in agreement with 
ethologists like Lorenz, and stood in contrast to much of the prevailing work in 
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experimental psychology, which favored highly simplified, artificial conditions 
for the study of learning. This ecological approach encouraged an inventory 
of possible influences on development drawn from observation and relatively 
unconstrained by a priori theoretical expectations. That is one reason Gottlieb 
was open to the possibility of nonobvious developmental relationships, which 
emerge most readily when one focuses on what might empirically occur in the 
developing system, rather than on what ought rationally to occur from some 
specific theoretical perspective.

Conclusion

In this chapter I have limited my attention to the major elements of Gottlieb’s 
theoretical approach to behavioral development, but it should be noted that his 
work addressed a wider range of topics as well. His experimental work con-
cerned prenatal and early postnatal development in ducklings, but he applied 
his theoretical perspective to human development as well (e.g., Gottlieb, 1983, 
1991b). Indeed, the chapters in this volume show the extent to which the bio-
psychosocial approach to human development has been influenced by Gottlieb’s 
probabilistic epigenesis. He was critical of the nondevelopmental approach of 
much behavioral genetics (Gottlieb, 1995) and was deeply interested in the rela-
tionship between development and evolutionary change, which he explored in 
a monograph (Gottlieb, 1992) and in several articles (Gottlieb, 1987, 1991a, 
2002; Johnston & Gottlieb, 1990). These wider writings all incorporate, in one 
way or another, his theoretical perspective on development, with its emphasis 
on probabilistic epigenesis, multiple levels of analysis, and a diversity of roles for 
experience in the development of behavior.
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Infant behavior is complicated and requires a multilevel approach to under-
stand its developmental course. The biopsychosocial perspective can provide 

that multilevel conceptualization of infant cognitive and perceptual develop-
ment. Indeed, the socioemotional and adversity/risk literatures focused on 
infant development have been enthusiastic about embracing the biopsychosocial 
perspective (e.g., Calkins, Propper, & Mills- Koonce, 2013). As a result, these 
areas are making great strides in moving away from the nature– nurture polar-
ity that has ruled the field of developmental psychology for too many years. 
The area of cognition and perception, however, is still mired in the muck of the 
nature– nurture debate. The chapters in this section represent research that is 
the exception to the nature– nurture division. The field of infant cognition and 
perception in general is still very much divided into researchers who espouse a 
maturational perspective of cognitive development, those who embrace a nativ-
ist point of view, and those like the authors of these chapters who are focused on 
a multilevel approach that incorporates complex biological processes situated in 
a rich, complex social environment.

In this section overview, I first focus on long- standing concerns in the field, 
including the popular points of view that attempt to enhance infant cognition 
by ascribing adult-like explanations to simple infant behaviors or attempt to 
reduce infant behaviors to maturation in brain circuits. I then focus on two 
areas of research where biopsychosocial models influence how we think about 
infant cognitive development. The ideas I present here are not new and they are 
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not mine. I reference liberally from some of the many writings and conferences 
presentations by Lickliter (2012, 2013; Lickliter & Honeycutt, 2003, 2013), 
and the commentaries by Lewkowicz (2011), Oakes (2009), and Haith (1998). 
I follow the writing of Michel and Moore in their book Developmental Psy-
chobiology (1995, Ch. 8, “Cognitive Development”) in focusing on nativism 
and brain maturation as points of concern in infant cognition and perception 
research. I am grateful to all these developmentalists for nudging me toward a 
more biopsychosocial perspective in my own research.

Cute Baby tricks and Rich interpretation

In 2013, I attended a symposium at the meeting of the International Society for 
Developmental Psychobiology (ISDP) titled “Communicating Developmental 
Psychobiology.” The opening remarks to the symposium were thought provok-
ing and should impress upon developmental scientists the need to take care 
with our interpretation of what we see infants do. In brief, infant behavior is 
complicated. Simple explanations are typically embraced by parents and the 
general public and are highlighted in the media. But simple explanations do not 
accurately depict complex behaviors of complex systems (Montgomery- Downs, 
2013). In other words, few aspects of development are black and white; there are 
multiple shades of gray (Hayne, 2013).

A perspective on infant cognition that has a firm hold on a small, but vocal, 
portion of the field is an area that is typically described as nativism. These 
researchers hold firm to the notion that infants are born with modules that 
address core knowledge, including number (e.g., Wynn, 1992), physical reason-
ing (e.g., Baillargeon & Graber, 1987; Spelke, 1998), and moral thought and 
action (e.g., Hamlin, Wynn, & Bloom, 2007). The research methods used by 
nativists are intriguing; a developmental colleague many years ago said to me 
that the nativist methodology is a great example of “cute baby tricks.” Indeed, 
Haith (1998) wrote over 15 years ago of his concern that much of infant cog-
nition was in the head of the researcher rather than in the head of the infant. 
He coined the phrase “rich interpretation” to describe the tendency of infant 
researchers to ignore basic developmental processes and suggest instead that 
infants are capable of cognitive processes that even older children cannot 
accomplish.

Like many of us who do cognition and perception research with infants, 
researchers from the nativism perspective rely on infant looking time as the 
variable of interest because infants cannot tell us what they think or understand 
(Haith, 1998; Newcombe, 2014). The problem becomes that measuring how 
long infants look at one stimulus versus how long they look at a different stimu-
lus relegates complex infant cognitive processes to a very simple infant behavior. 
Using that simple behavior to conclude that infants look longer at a particular 
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stimulus because of its perceptual features is very appropriate (e.g., Bogartz, 
Shinskey, & Speaker, 1997; Scarf, Imuta, Colombo, & Hayne, 2012). Using 
that simple behavior to conclude that “babies are smarter than we think” or 
“infants are little scientists” may be appealing to parents and the general public 
and make for popular media sound bites, but it discounts developmental pro-
cesses acquired through interaction with a complex environment (Haith, 1998; 
Newcombe, 2014). It also ignores the biopsychosocial perspective that bidirec-
tional changes occur across developmental time in genetic, neural, behavioral, 
and environmental levels of analysis.

In reaction to nativism, it is not enough to focus solely on what infants learn 
from the environment in our study of infant development. Lewkowicz (2011) 
has emphasized that the nature– nurture debate, or the innate– acquired debate, 
that is engaged in by some researchers focused on infant cognition and percep-
tion is no long scientifically interesting. He advocates abandoning the “origins” 
question and focusing instead on the mechanisms associated with development, 
including organismic and environmental variables (Sameroff, 2010). Similarly, 
Spencer and colleagues (2009) state that the nativist– empiricist debate distracts 
attention away from a more systems view of development that emerges through 
cascades of interactions across multiple levels of causation.

Lickliter has written and spoken passionately about the need to move 
away from our foundational dichotomies of biological– environmental, innate– 
learned, heredity– development, and nativist– empiricist, and view development 
as a process that is situated, contingent, and experience dependent (Lickliter, 
2012; Lickliter & Honeycutt, 2013). At the 2013 ISDP symposium I previously 
mentioned, Lickliter proposed three main points to focus our thinking so that 
we take development seriously (Lickliter, 2013; Lickliter & Honeycutt, 2003). 
First, we need to acknowledge that development is complicated and remember 
that complexity is not simplicity in disguise. If the cognitive or perceptual out-
come is in place before the process begins, then we do not need “development.” 
Other than the “rich interpretation” associated with nativist conclusions, this is 
perhaps the most striking point of core knowledge; if much cognitive knowledge 
is already in place from early infancy, then what actually develops? Second, 
we need to remember that development is historical. Behaviors have a history 
that influences their emergence and maintenance. We need to remember that 
there are nested levels of time: real time, developmental time, and evolution-
ary time. Finally, development is situated. It is situated physically, biologically, 
and socially. Development does not reside in the genes or in the environment, 
but emerges from the relational dynamics of a brain in a body in a complicated 
social environment (Lickliter, 2013).

Arguments for and against cute baby tricks and rich interpretation actually 
hinder rather than promote advances in behavioral sciences (Lickliter & Hon-
eycutt, 2013) and focus attention away from developmental processes (Spen-
cer et al., 2009). Infant brains have an “expectancy” of having experience for 
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learning about the physical world (Newcombe, 2014); the expectant brain and 
a sociocultural context interact in complex ways in the progressive emergence 
of increasingly complex cognitive systems (Michel & Moore, 1995). The biopsy-
chosocial perspective encompasses these multilevel processes.

Brains and Maturation and Reductionism

Another problem trend in the area of infant cognition and perception, and 
one to which I have contributed, is the use of brain maturation as an explana-
tion for cognitive change (e.g., Bell & Fox 1992; Cuevas, Bell, Marcovitch, & 
Calkins, 2012). Although most developmentalists reject nativism and argue that 
it is necessary to integrate physiological and experiential factors to comprehend 
development, it is often the case that biology and experience are separated and 
brain growth alone is allowed to account for developmental change in behavior 
(Michel & Moore, 1995). A biopsychosocial perspective is not compatible with 
the notion that internal and external determinants operate separately in devel-
opment (Michel & Moore, 1995).

The foundation view of classic developmental cognitive neuroscience 
research is that maturation of specific brain areas determines an infant’s cogni-
tive behaviors and knowledge (Michel & Moore, 1995). Much of this literature 
is based on comparing infant behavior with that of brain- damaged adults and 
brain- lesioned monkeys, as well as brain- intact infant monkeys (e.g., Diamond, 
1990). Human infants perform like infant monkeys or brain- lesioned adult 
monkeys on various reaching and grasping tasks, with the explanation being 
lack of brain maturation for human infants. Thus, human infant brain imma-
turity is likened to adult human and adult monkey brain damage. Clearly, there 
is great value to considering information about the development of the nervous 
system when studying cognitive and perceptual development. But the nervous 
system of the infant is not an incomplete or immature version of the adult ner-
vous system. The development of a neural structure allows it to be incorporated 
into the neural system, which may contribute to additional cognitive and per-
ceptual experiences than the ones of interest in a specific research study (Michel 
& Moore, 1995). These additional other experiences will likely contribute to the 
behavior of interest, leading us back to our original premise that infant behavior 
is complicated and, thus, explanations of cognitive development that rely solely 
on maturation are less than satisfactory.

Because infant behavior is so complicated, much of the research in the field 
of infant cognition and perception has focused on very specific behaviors in an 
attempt to understand how these processes develop. Oakes (2009) has written 
eloquently about this “Humpty Dumpty problem” in infant cognitive develop-
ment and the great need to put all these infant cognitive and perceptual abilities 
back together again to learn how they work jointly in development. In reality, 
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this reductionism is not a problem specific to infant cognitive development; it 
also is evident in much of the work from a cognitive or cognitive neuroscience 
framework.

Another concern with the tradition of reductionism is that much of the 
study of individual infant cognitive and perceptual skills has been done by 
assessing infants’ responses to arbitrary stimuli in the research lab. We do this 
in an attempt to isolate potential mechanisms of the behavior of interest, but 
in doing so we ignore the important fact that biopsychosocial systems interact 
together over development (Lickliter & Honeycutt, 2013). The end result, as 
Oakes (2009) notes, is that we know very little about mechanisms of devel-
opmental change regarding infant cognition and perception. Developmental 
changes in one cognitive ability likely contribute to changes in another cognitive 
skill, making it critical to study the codevelopment of different cognitive skills. 
In essence, what is required is a multilevel approach that is situated physically, 
biologically, and socially.

As I have written in the paragraphs above, the field of infant cognition and 
perception has been much slower to embrace a biopsychosocial perspective than 
have the fields of infant socioemotional development and infant adversity/risk. 
As noted by Michel and Moore (1995), attempts to simplify complicated infant 
cognitive behaviors have resulted in less than desirable representations of cogni-
tive development. There are some areas of infant cognitive research, however, 
where biopsychosocial models are beginning to be used. These areas of research 
are changing our ways of thinking about infant cognitive development.

Positive Parents and infant Brains

The view that nurturing and supportive maternal responses are vital for healthy 
psychosocial growth is incorporated into classic psychological theories (Thomp-
son, 2006). The caregiving environment has been given an essential role in an 
infant’s socioemotional development; however, little attention has been given 
to the role of that same caregiving environment to the development of infant 
cognition. Colombo and Saxon (2002) have proposed, however, that infant cog-
nitive status (e.g., length of attention or ability to remember over a length of 
time) interacts with some aspect of caregiver interaction across development. 
Over time, these interactive processes influence the child’s cognitive outcome. 
Similarly, it may be that by supporting infants in the development of attentional 
skill, in part to relieve early infant distress for example (Ruff & Rothbart, 1996), 
caregivers are contributing to the attentional skills associated with later cogni-
tive processing. Thus, caregiver behavior may be essential for cognition as it is 
for socioemotional development, although how this is manifested is unknown.

Empirical evidence for the argument that parenting behaviors have an effect 
on children’s brain development typically has focused on maltreated children 
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(see reviews by Belsky & de Haan, 2011; Hughes, 2011). Maltreatment, how-
ever, is not the only contributor to less than optimal brain development. The 
prefrontal dopamine system associated with cognitive processes can be affected 
by environmental variations that are not as extreme as maltreatment (Diamond, 
2011). Indeed, there are some reports that maternal caregiving behaviors during 
early childhood are associated with early childhood cognitive behaviors in nor-
mative samples. Research by Hughes and Ensor (2009), for example, indicates 
that maternal behaviors such as scaffolding and planning, as well as the level of 
family chaos, were predictive of children’s cognitive abilities at age 4. Hammond, 
Muller, Carpendale, Bibok, and Liebermann- Finestone (2012) also report asso-
ciations between maternal scaffolding and children’s cognitive abilities at age 4.

There have been recent empirical reports that the caregiving environment 
during infancy contributes to the development of cognitive behaviors associated 
with frontal functioning during toddlerhood and early childhood. Bernier, Carl-
son, and Whipple (2010) reported that maternal sensitivity, mind– mindedness, 
and autonomy support, measured when infants were 12 and 15 months of age, 
predicted toddler cognition both 6-months and 1-year later, with autonomy sup-
port emerging as the strongest predictor. The authors speculated that respon-
sive parenting could be the mechanism for promoting cognitive development 
through its effects on neurological development. It is generally accepted that 
early experiences play a role in brain development, as environmental experi-
ences shape the synaptic pruning and cultivation that occur in infancy (e.g., 
Greenough, Black, & Wallace, 1987). Bernier and colleagues (2010) suggested 
that responsive parenting in infancy may promote cognitive development indi-
rectly, by supporting optimal neural development, and directly, by providing 
an appropriate social environment to observe and practice positive regulatory 
strategies associated with cognition.

The work by Bernier and colleagues also examined the effects of maternal 
behaviors during infancy on child cognitive development up to age 3 (Bernier 
et al., 2010; Matte-Gagne & Bernier, 2011). In our own work (Kraybill & Bell, 
2013), we extended the length of time that maternal behaviors affect child cog-
nition. We measured mother’s positive affect during her interactions with her 
10-month-old infant and demonstrated that this maternal behavior was corre-
lated with cognitive skills several years later at ages 4 and 6, in early childhood 
and early middle childhood, respectively. We also demonstrated that measures 
of infant frontal electrophysiology (the electroencephalogram,[EEG]) likewise 
predicted cognitive skills at these older ages (Kraybill & Bell, 2013).

What may be most intriguing is that we can find no empirical data in the 
literature demonstrating that parenting behaviors during infancy are associated 
with infant cognition in normative samples. Perhaps this means that “time” is a 
critical aspect of the mechanism by which parenting behaviors impact cognitive 
development. Indeed, if the biopsychosocial perspective involves a multilevel 
approach with bidirectional influences over time, then we may need to discover 
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the best ruler and the best clock (i.e., Fischer & Rose, 1994) in order to assess 
the influence of parent behaviors on infant cognitive development.

Cascades and Systems Beyond infancy

Infant cognitive behavior is complicated. Researchers of infant cognition and 
perception work to understand the complex associations among multiple levels 
of biology, behavior, social environment, and other aspects of infant develop-
ment, without getting mired in the muck of rich interpretation and simple matu-
rational explanations. At the same time, there is great appreciation that these 
infant cognitive behaviors, based many times on simple looking time measures, 
have great predictive value for later, more sophisticated cognitive skills. Various 
measures of infant information processing (e.g., speed of habitation, visual rec-
ognition memory, looking time) are related to cognitive development in child-
hood (e.g., Bornstein & Sigman, 1986; Colombo, 1993: Cuevas & Bell, 2014), 
early adolescence (Rose, Feldman, & Jankowski, 2012), and even to intelligence 
in adulthood (Fagan, Holland, & Wheeler, 2007). This longitudinal process is 
often conceived of as a “developmental cascade” if there are assessments across 
multiple ages, where structures, functions, or processes in the individual child 
demonstrate a unique longitudinal pattern (Bornstein, Hahn, & Suwalsky, 
2013).

The most intriguing longitudinal studies, however, are those that have a 
more biopsychosocial perspective and include not only infant endogenous fac-
tors but also exogenous factors such as parenting behaviors, parent education, 
and home environment. Although sometimes referred to as encompassing a 
“systems” perspective in the literature (e.g., Bornstein, Hahn, & Wolke, 2013), 
we can conceptualize the multilevel interactions from a biopsychosocial point of 
view. Here are two examples of recent studies.

Bornstein and colleagues (2013) reported that information- processing effi-
ciency during infancy was related to general mental development during tod-
dlerhood, which was related to intelligence during middle childhood, which 
was in turn related to academic achievement during adolescence. Importantly, 
maternal education level contributed to academic achievement either directly 
or indirectly through its influence on toddler and middle childhood cognitive 
measures. In this model, maternal education was the only social or environmen-
tal factor that contributed to child cognitive development, although mothers 
reported on their parenting behaviors during the infancy portion of the study; 
the home environment was assessed by the research team during the infancy 
portion of the study as well. The impact of maternal education did not receive 
much attention in the discussion of the findings, however.

Our research team focused on the cognitive development of children at 
ages 24, 36, and 48 months, and examined three aspects of the caregiving 



34 PART II. PERCEPTUAL AND COGNITIVE PROCESSES 

environment at 10, 24, and 35 months: maternal education, maternal cognition, 
and maternal parenting behaviors (Cuevas et al., 2014). The cognitive processes 
we examined were those associated with complex processing, rather than more 
simple- looking behaviors. In thinking about potential mechanisms, we turned 
to the conceptual framework suggested by Calkins (2011) concerning the multi-
ple biological and behavioral levels at which caregiving affects children. Calkins 
has noted that maternal caregiver behavior must be regulated within the care-
giver, so as to affect her own behavior, and that caregiver behavior must also be 
regulatory between the caregiver and the child. We found that maternal cogni-
tion and maternal caregiving during infancy provide unique information about 
child cognitive development during toddlerhood and early childhood. Maternal 
caregiving also mediated the effects of maternal cognition on child cognitive 
development. These associations were evident even after controlling for the 
effects of maternal education. Although our assessments of cognition did not 
include infancy, it was the caregiving measures during infancy that affected 
later child cognitive development. The biopsychosocial aspects of our study are 
evident in our focus on cognitive development situated within developmental 
time and within a social environment.

Conclusion

Infant cognition and perception are complicated and considering infant behav-
iors within a biopsychosocial framework makes infant cognition appear even 
more complex. To adopt a nativistic or maturational framework or to reduce 
complex cognitive processes into individual component behaviors in order to 
simply infant cognition may be appealing on the surface. This attempt at sim-
plification, however, fails to capture an informative view of infant cognition 
and perception. It fails to capture the biopsychosocial view that cognition is 
the consequence of the complex, multileveled, inseparable physical, biological, 
and social environments with which the infant interacts during development. 
The biopsychosocial perspective presents a comprehensive view of infancy. The 
chapter authors in this infant cognition and perception section highlight the 
value of such a perspective in studying the complicated behaviors of a complex 
system.
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The goal of this chapter is to understand the development of attention, con-
sidering a biospsychosocial perspective. Historically, in the field of infancy, 

looking and attending have been equated. Rather than considering looking as a 
measure of attentional processes, infancy research has drawn conclusions about 
attention from patterns of looking. For example, studies examined stimulus 
factors that influence infants’ looking (or attention); how looking (or attention) 
changed over trials, with familiarity, and across development; and hypotheses 
were generated about what factors underlie attention getting (i.e., the latency 
to look) versus attention holding (i.e., the duration of looking). This literature 
has yielded significant understanding into the factors that contribute to look-
ing behavior in infancy, and how looking behavior changes with development. 
However, conclusions about the underlying attentional processes from such 
studies are indirect, and are probably incomplete. We know that adults fre-
quently covertly shift their attention in the absence of eye movements, and that 
looking and attention are not the same thing. We know little about covert shifts 
of attention in prelinguistic infants, although some work examining event- 
related potentials (ERPs) and looking behavior suggest that young infants also 
can covertly shift attention (Richards, 2000, 2001). More problematic, how-
ever, is that in the infant literature attention is not often thought of as a pro-
cess; rather, looking is an outcome measure. This contrasts with an enormous 
literature on the processes by which the direction of visual attention and gaze 
is controlled in adults. To be clear, outcome measures can inform us about pro-
cess, but deeper understanding into attention in infancy— and how it relates 
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to attention at different points in development— is gained by thinking about 
attentional processes.

This chapter examines the development of visual attention processes— and 
looking behavior— as influenced by multiple factors. Visual attention develop-
ment will be best understood by considering how these multiple factors operate 
together. Infants’ developing attentional processes are determined by (1) the 
neuroanatomical structures involved in controlling eye movements, attention, 
and visual perception; (2) cognitive developmental changes in memory, percep-
tual abilities, and so on; and (3) the infants’ social history, and what events, 
objects, and people have been encountered (and looked at) before. In other 
words, looking behavior develops and changes as a function of developmental 
changes in the underlying biological, cognitive, and social systems that contrib-
ute to attentional processes.

This approach contrasts with the large body of research studying and mea-
suring infants’ looking behavior in which looking behavior is considered a tool 
for answering questions about other topics. This study of looking behavior has 
been extremely important in our understanding of cognitive development. In my 
own lab, for example, we have used infants’ looking behavior as a tool for under-
standing infants’ visual causal perception (Oakes, 1994), object categorization 
(Oakes & Ribar, 2005), and visual short-term memory (Oakes, Baumgartner, 
Barrett, Messenger, & Luck, 2013). The body of work relying on looking as a 
tool has underlying assumptions (both tested and untested) that infants’ looking 
is determined by stimulus properties, such as the novelty or complexity of the 
stimulus (Cohen, DeLoache, & Rissman, 1975; Fantz & Fagan, 1975; Martin, 
1975); by infants’ surprise or recognition that an outcome is unexpected (Bail-
largeon, 1987a; Needham, Baillargeon, & Kaufman, 1997; Wilcox, Schweinle, 
& Chapa, 2003); or by a drive to acquire information or form representations 
(Colombo & Mitchell, 2009). Although foundational work examined the bases 
of infants’ looking behavior, with only a few exceptions most researchers rely-
ing on visual attention and looking in infants are more concerned with looking 
as a measure or indicator of cognitive processes, than as looking (and visual 
attention) as a process to be studied.

The framework adopted here is based on the assumption that cognitive 
development reflects learning and development at multiple levels. Therefore, this 
chapter considers how looking time and attentional processes reflect the inter-
action of neuroanatomical changes, the infants’ history in terms of everyday 
interactions with people and things, and cognitive developmental changes. The 
general framework derives from the argument that much of the field of infant 
cognitive development suffers from the “Humpty Dumpty problem” (Oakes, 
2009). That is, researchers have tended to study cognitive abilities in isolation 
(i.e., breaking cognition into pieces), rather than examining how multiple abili-
ties codevelop or operate together in development (i.e., putting the pieces back 
together again). In the present case, the focus is on the development of a single 
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broad process— infants’ visual attention (although there are many different spe-
cific behaviors related to this process)—with an eye to the multiple levels or 
factors that contribute to development.

historical Perspectives on the Study of Looking time 
or Visual attention in infancy

As a first step, we consider how visual attention has been studied in infancy. 
Historically, the study of visual attention in infancy was the same as the study 
of infant looking. Researchers asked questions about how long infants looked, 
where they looked (when given a choice), how fast they looked, and so on. Exper-
iments provided descriptions of how infants’ looking, including habituation and 
novelty preference, varies with age and the stimulus presented (Colombo & 
Mitchell, 2009; Ruff & Rothbart, 1996). Some programs of research attempted 
to uncover the mechanisms of these developmental changes. For example, based 
both on observed changes in looking behavior and our limited understanding of 
the development of the neuroanatomical structures thought to subserve visual 
attentional networks, researchers speculated that changes in control of looking 
shifts reflect the development from attentional control primarily by subcorti-
cal structures to increasing involvement of cortical structures (Johnson, 1990). 
Other researchers explored mechanisms external to the infant, such as how 
parental interactions with infants facilitate and encourage infants’ visual atten-
tion and looking behaviors (Landry & Chapieski, 1988; Landry, Chapieski, 
& Schmidt, 1986; Landry, Garner, Swank, & Baldwin, 1996). Finally, some 
researchers have examined the connection between cognitive- processing and 
looking behaviors, attributing developmental changes in looking to develop-
mental changes in cognitive abilities (Cohen, 1998).

All this work on infants’ looking time originated with the pioneering work 
of Fantz (1958, 1964), using the apparatus depicted in Figure 4.1. Based on work 
with chimpanzees, Fantz created this apparatus in which infants were placed in 
front of a chamber, and two images were presented directly in their line of sight. 
The observer recorded both the direction of the infants’ looking (i.e., to the left or 
right picture) and how long the infants looked. Using procedures like this, Fantz 
and his colleagues made numerous observations that shaped our understanding 
of the origins and early development of visual ability, perception, and cognition. 
A primary question addressed in these early studies was whether infants had 
pattern vision, questioning conventional wisdom at the time that pattern vision 
emerged with learning. Fantz and his colleagues (Fantz, 1963; Fantz & Nevis, 
1967) examined visual preference of infants between birth and 6 months of age 
for black-and-white patterns, faces, checkerboards, stripes, shapes, and other 
stimuli; demonstrated that infants perceive patterns from birth; and that their 
pattern perception develops over the first postnatal months.
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On the basis of such studies, Fantz and Nevis (1967) argued that the infant 
visual system is characterized by “selectivity for patterns” consistent with evi-
dence from nonhuman animals that the visual system responds more strongly 
to perceptual input rather than unpatterned light. Further work revealed that 
not only do infants selectively attend to some stimuli over others, but that their 
looking at stimuli reflected the relative familiarity or novelty of the stimulus. 
In an extremely important study, Fantz (1964) presented infants with pairs of 
stimuli over a series of trials. One of the stimuli remained the same from trial 
to trial; the other stimulus in each pair was different on each trial. All infants 
started out at approximately 50%, which indicates looking equally at the two 
items. But, infants 2 months and older gradually shifted more and more of their 
looking toward the new stimulus on each trial, reducing the proportion of their 
looking devoted to the unchanging stimulus. Fantz (1964) concluded that this 
pattern indicated “perception, recognition, and satiation of interest in a particu-
lar pattern” (p. 669).

This foundational study led to an explosion of studies examining infants’ 
changing looking as a function of familiarization. The data from one such study 
are presented in Figure 4.2. In this study, Pancratz and Cohen (1970) presented 
4-month-old infants with a single colored shape (e.g., a green circle, a blue tri-
angle) on a series of trials. Infants’ looking on each trial was recorded, and the 
total looking duration on each block of two trials is presented in Figure 4.2. 
The bottom line is that infants’ looking systematically decreased as the stimulus 

FiguRe 4.1. The infant visual preference procedure developed by Fantz. From Fantz and 
Nevis (1967). Copyright 1967 by Wayne State University Press. Reprinted by permission.
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became familiar over those blocks. Studies like this opened the door for using 
this procedure (or a variation) to study many aspects of infants’ memory, per-
ception, and other cognitive abilities. These studies conducted in the 1960s and 
1970s established that infants’ visual preferences could be measured by sim-
ply recording their looking behavior, and that we can understand something 
about infants’ attentional, perceptual, and cognitive processes by examining 
differences in looking. Decades later we see the legacy of this discovery. Infants’ 
looking behavior is widely used in the field not to only understand perception, 
memory, and attention but also to draw conclusions about infants’ inferences, 
reasoning, and beliefs. Looking has been used to probe infants’ understanding 
of the emotional states, motivations, and goals of actors. More recently, the 
availability of automatic infrared eye trackers has allowed researchers to dive 
even deeper into how infants think, learn, and attend.

Initially, Fantz’s seminal work was used to identify the factors that control 
infants’ looking behaviors. Studies revealed that infants looked longer at com-
plex than at simple stimuli, at least if the complex stimuli did not exceed some 
difficult to define maximum level of complexity (Brennan, Ames, & Moore, 
1966; Greenberg & O’Donnell, 1972; Hunter, Ames, & Koopman, 1983). 
Moreover, the observation that infants’ looking changes over familiarization led 
to the procedures designed to uncover limits and characteristics of memory pro-
cesses (Cohen, DeLoache, & Pearl, 1977; Cohen et al., 1975; Cohen & Gelber, 

FiguRe 4.2. Decrease in looking time by 4-month-old infants across trials as observed by 
Pancratz and Cohen (1970). From Pancratz and Cohen (1970). Copyright 1970 by Elsevier. 
Reprinted by permission.
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1975; Fagan, 1970, 1971, 1972, 1973, 1977b; McCall, 1973; McCall, Kennedy, 
& Dodds, 1977; Rose, Gottfried, Mello- Carmina, & Bridger, 1982).

This body of work as a whole reveals several important facts about infants’ 
looking. First, from a young age, infants’ looking is not random. Infants have 
preferences—that is, they look at some stimuli more than at others. Of course, 
we are unable to determine whether or not such biases reflect voluntary pro-
cesses (and our current understanding of brain development would suggest that 
in the first few months after birth such preferences reflect involuntary pro-
cesses), but evidence of visual preferences results show that infants’ looking— 
and attention— is systematic.

The second fact revealed by this body of work is that infants’ looking— 
and visual attention— changes over development. An example of development 
is illustrated in Figure 4.3. These data come from a study comparing looking 
patterns by infants of several different ages to the same stimuli (Martin, 1975). 
In general, this study reveals that— consistent with the data from a number of 
studies— given the same stimuli and experimental procedures, older infants look 
for shorter durations than do younger infants, older infants’ looking duration 
habituates more quickly, and visual preferences for novelty become more robust 
over age (see Colombo & Mitchell, 2009; Rose, Feldman, & Jankowski, 2004, 
for a review). Thus, infants’ visual attention and looking behavior change over 
developmental time. What such findings do not reveal is why infants’ looking 
behavior changes. Each type of change may reflect changes in neuroanatomical 
structures, cognitive processing, or social influences on looking.

The field was only beginning to scratch the surface in our understanding of 
the processes of attention in infancy, and how they develop, when a strong inter-
est emerged in the 1980s on using infants’ looking as a tool to understand other 
aspects of cognition. The work demonstrating that looking time reflected (in 
part) infants’ memory and preference for novelty allowed researchers to exam-
ine other aspects of infants’ cognitive processing based on their looking behav-
ior. Researchers began to use looking time measures to ask how infants’ cat-
egorized stimuli (Strauss, 1979; Younger, 1985), whether they recognized that 
objects maintain their physical properties when hidden (Baillargeon, 1987b), 
and whether they were sensitive to physical constraints in the world (Spelke, 
Kestenbaum, Simons, & Wein, 1995). Clever experimental designs allowed 
researchers to analyze looking patterns and draw conclusions about the devel-
opment of perceptual, memory, and cognitive abilities in infancy. Indeed, this 
tradition continues as researchers use looking time to uncover developmental 
changes in visual short-term memory abilities (Ross- Sheehy, Oakes, & Luck, 
2003), the features used in object individuation (Wilcox, 1999), and sensitiv-
ity to numerical information (Cordes & Brannon, 2009), to name just a few 
domains of inquiry. With the introduction of eye trackers, experimental designs 
have emerged that allow us to ask other kinds of questions, for example, ques-
tions about the kinds of expectations infants form for sequences of events 
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FiguRe 4.3. Data reported by Martin (1975) on looking patterns by 2-, 3.5-, and 5-month-
old infants over repeated trials with the same novel and familiar stimuli on different test-
ing days. From Martin (1975). Copyright 1975 by the American Psychological Association. 
Reprinted by permission.
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(Kirkham, Slemmer, Richardson, & Johnson, 2007) or the actions of other peo-
ple (Gredebäck, Stasiewicz, Falck-Ytter, Rosander, & von Hofsten, 2009). The 
point is that looking time has been an important tool for understanding basic 
cognitive development, and researchers have discovered ways to make infer-
ences about other abilities from infants’ looking patterns. However, the rise in 
interest in using looking as a tool has meant that there has been relatively less 
focus on the factors that contribute to the development of looking— and visual 
attention— itself.

To be clear, it is not that this question was completely abandoned. Some 
researchers have used careful experimental designs, novel tasks, and nonlook-
ing measures, to provide some understanding of developmental change in visual 
attention itself. For example, researchers measuring heart rate (Richards, 1989; 
Richards & Casey, 1992) or behavioral and facial expression changes (Oakes 
& Tellinghuisen, 1994; Ruff, 1986) have shown that infants’ looking at a tar-
get actually reflects different levels of attentional engagement or arousal, or 
attentional state. Others have used marker tasks, or tasks for which the neural 
substrates have been identified in adults through lesions and imaging, to under-
stand infants’ visual attention (Harman, Posner, Rothbart, & Thomas- Thrapp, 
1994). One problem with such an approach is that it is impossible to design a 
task for infants that truly has all the elements of the adult version of the task, 
and this raises the possibility that a slight task variation may result in different 
processes being assessed.

Thus, there does exist a body of work aimed at understanding the develop-
ment of visual attention itself— that is, studies that have explored the processes 
of attention, and not only studies that have used looking behavior as a tool. This 
work has provided a deeper understanding into the nature of visual attention 
itself and has yielded understanding into the general development of infants’ 
visual attention.

what is Attention?

Before exploring what is known about the development of visual attention in 
infancy, we must be clear what is meant by the term attention. Although Wil-
liam James (1890) famously said that “Everyone knows what attention is,” more 
recent discussions have made it clear that the term attention is used to refer to 
a number of different interrelated processes (see, e.g., Chun, Golomb, & Turk- 
Browne, 2011; Luck & Vecera, 2002). Indeed, an influential volume of essays 
on attention in the 1980s was entitled Varieties of Attention (Parasuraman & 
Davies, 1984). Thus, one problem with studying attention is that there is no 
single way it has been defined. The term attention is often used to describe situ-
ations when there is more information available than can be processed or when 
decisions must be made about which of several available dimensions should be 
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used to make distinctions among items. Thus attention is involved in selecting 
information for processing, inhibiting responding to nonselected or irrelevant 
information, and maintaining focus on the relevant information. Casually, we 
may ask a child to “pay attention,” roughly meaning to stay on-task and to 
ignore distractions. We may also be frustrated by a spouse’s ability to focus his 
or her attention so deeply on the newspaper that he or she does not realize that 
children are asking for the milk to be passed. We may also talk about what cap-
tures our attention— how features of the world are difficult to ignore and what 
we find compelling. Considered together, these examples illustrate that atten-
tion is not a unified concept, and that the phrase visual attention may mean 
different things in different contexts.

Several different theoretical accounts or taxonomies of attention have been 
proposed. In an influential model, Posner and Petersen (Petersen & Posner, 
2012; Posner & Petersen, 1990) described distinct networks for three aspects 
of attention: alerting, orienting, and control. These networks are involved in 
different attentional functions and they are each subserved by different neural 
structures. The alerting attentional network is involved in the system’s ability 
to sustain attention, and involves (at least in adults) frontal and parietal brain 
regions. This network is involved in the ability to maintain an attentional state 
for a period of time. The orienting attentional network is involved in the selec-
tion of information to process, either by selecting a location in space or by 
selecting a particular type of information; this network involves either a dorsal 
stream set of connections including frontal eye fields and the intraparietal sul-
cus or a more ventral stream set of connections involving the temporoparietal 
junction and the ventral frontal cortex. The executive attentional network is 
involved in switching, inhibiting, and general top-down control of attention, 
and involves frontal cortices and the anterior cingulate cortex.

attention in infancy

All of these aspects of attention develop during infancy, and developmental 
changes in sustained attention, selective attention, and attentional control are 
reflected in the duration of infants’ looking at stimuli, their preference to look 
at some stimuli over others, their latency to look at a stimulus, and so on. It 
also seems clear, however, that looking behaviors (such as durations, switch-
ing, and latency) reflect multiple systems— that is, there is no single indicator 
of attentional alerting, orienting, or control. When shown a pair of stimuli 
presented side by side, for example, the duration of infants’ looking to one of 
the stimuli reflects their ability to sustain attention to the preferred stimuli, to 
inhibit responding to the nonpreferred stimuli, and to select one stimulus to be 
the focus of attention. Moreover, their cognitive processing of each stimulus, the 
meaning of the stimuli for the infant, and their past experience with items like 
the stimuli all may contribute to their behavior in this context.
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Nevertheless, Posner and Petersen’s taxonomy is useful for describing devel-
opmental changes in infancy in attention, and can provide a framework for 
understanding the factors that contribute to those developmental changes. For 
example, because the parietal and frontal brain regions involved in sustained 
attention in adults (Posner & Petersen, 1990) are poorly developed early in 
infancy, alerting— and sustained attention— are mediated mainly by subcorti-
cal structures such as the superior colliculus (Colombo, 2001). But it is not 
the case that these processes are nonfunctioning early in infancy. Richards and 
colleagues (reviewed in Richards & Casey, 1992) measured heart rate changes 
during infants’ looking, and have identified several heart rate- defined atten-
tional phases during a look that presumably reflect different levels of atten-
tional engagement, or different levels of arousal. In particular, the period of 
sustained attention, indicated by a sustained decrease in heart rate, is similar 
to Posner and Petersen’s alerting attentional processes. During sustained atten-
tion (as defined by a decrease in heart rate), infants are less easily distracted by 
other stimuli (Richards, 1997b) and they learn more about stimuli they view 
during sustained attention (compared with stimuli they view during other heart 
rate- defined attentional phases; Richards, 1997a). Thus, this phase of attention 
seems to reflect when infants are maintaining an engaged attentional state.

Although sustained attention is observed in very young infants, it under-
goes substantial development over the course of infancy. For example, changes 
in the cardiac response during sustained attention changes over the first 5 or 
6 months suggest increasing engagement during sustained attention (Casey & 
Richards, 1988). Beyond 6 months, infants’ ability to sustain attention con-
tinues to develop in terms of increased endogenous control of attention (see 
Colombo, 2001). For example, using a distraction procedure, my colleagues and 
I observed an increase in development over infants’ endogenous control of atten-
tion between 6 and 10 months (Oakes, Kannass, & Shaddy, 2002). In this study, 
infants’ were observed playing with (and attending to) an attractive, colorful, 
multipart target (a toy that was affixed to a suction cup on a high-chair tray) 
in the presence of a distractor (a colorful, blinking light presented on a nearby 
TV screen, accompanied by a sound). In this context, infants are generally more 
resistant to distraction— and thus more deeply engaged attentionally— when 
judged to be in a focused or concentrated state (i.e., looking at the toy with 
signs of concentration, such as furrowed brow and slowed motor movements) 
than when judged to be in a more casual attentional state (i.e., looking at the 
toy with a relaxed facial expression; Oakes & Tellinghuisen, 1994), and after 
they have been looking at the target for relatively longer periods of time (Oakes, 
Ross- Sheehy, & Kannass, 2004). As evidence of increasing endogenous control 
over attention, we found in this context an increase over age in infants’ abil-
ity to effectively moderate their resistance to distraction as a function of the 
importance of maintaining attention to the toys (Oakes et al., 2002). Following 
familiarization with two toys, 9- and 10-month-old infants were slower to look 
at a distractor when they were investigating never- before- seen toys than when 
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they were investigating the toys explored during the familiarization phase. At 6 
months, infants’ latencies to look at the distractor were the same for relatively 
familiar and relatively novel toys. We concluded that this developmental shift 
reflected, at least in part, infants’ emerging endogenous control over attentional 
state. Thus, there appear to be changes in cortical control over and engagement 
in the alerting attention network in the second half of the first postnatal year.

Changes during infancy from involuntary control to more voluntary control 
also can be seen in selective attention. Young infants are often described as com-
pletely stimulus driven. From the first weeks after birth, infants have the ability 
to attend selectively— when presented with two stimuli, side by side, infants 
show a preference for (i.e., look at more) one stimulus (Fantz, 1963). Thus, 
they can look at (select) one stimulus and inhibit moving their gaze toward the 
other. But, this selectivity in early infancy seems to be involuntary. Dannemiller 
(1998, 2000) found, for example, that infants younger than 4 months are auto-
matically drawn to look at moving or red targets. In other words, young infants 
have little control over the stimulus to which they attend; instead, some stimu-
lus characteristics seem to automatically capture their attention. Such selection 
appears to rapidly become under more cortical control. For example, Mondloch 
and colleagues (1999) demonstrated that whereas newborn infants’ preferences 
to look at faces appears to be determined by subcortical structures, by 6 weeks 
infants’ preference to look at faces appears to be determined by developing cor-
tical structures.

Additional understanding of the development of early selection and orient-
ing comes from examination in infants of phenomena observed in adults. One 
phenomenon is inhibition of return (IOR). Although the onset of a stimulus at 
a location initially biases the system to orient toward that location, once a loca-
tion is attended there is a tendency for the system to avoid returning attention 
to that location (Klein, 2000). This tendency to inhibit refocusing attention to a 
previously attended location presumably reflects the system’s apparent interest 
in novelty, and perhaps the drive to search the environment efficiently. Because 
IOR is thought to involve the superior colliculus (Klein, 2000), this aspect of 
orienting should be present early in infancy. Indeed, IOR has been observed in 
newborn infants (Simion, Valenza, Umiltà, & Barba, 1995; Valenza, Simion, & 
Umiltà, 1994), although dramatic changes in IOR have been observed between 
3 and 6 months of age (Clohessy, Posner, Rothbart, & Vecera, 1991). Changes 
over this time period may reflect changes in neural connectivity that controls 
IOR, such as connections to and from the superior colliculus, or the difficulties 
of measuring precisely these behaviors in young infants (i.e., differences in find-
ings may reflect differences in testing procedures, stimuli, and so on). It is clear 
that at least later in infancy, IOR is related to broader attentional mechanisms; 
Markant and Amso (2013) observed selective learning in a context that elicited 
IOR. That is, using an IOR procedure to manipulate the location of infants’ 
selective attention, Markant and Amso found that 9-month-old infants learned 
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more about items presented at the attended location than at items presented at 
the unattended location.

A second phenomenon is gaze shifting when two stimuli compete for atten-
tion. Much of our understanding of infants’ ability to engage in gaze shift-
ing comes from studies using a gap- overlap procedure. In this task, infants’ 
attention is drawn to a central point via an interesting fixation stimulus. At 
some point, a new stimulus is presented in the periphery, and infants’ latency 
to look at that new stimulus is recorded. In “gap” trials, the central stimulus 
is removed before the peripheral stimulus is presented— thus, there is no com-
petition for attention. In “overlap” trials, the peripheral stimulus is presented 
while the infant is still fixating on the central stimulus, and thus the infant 
must disengage from one stimulus to orient to the other. In the first few postna-
tal months, infants’ exhibit “sticky fixations,” and have difficulty disengaging 
from the central stimulus to the simultaneously presented peripheral stimulus 
(Hood, 1995), consistent with earlier observations that young infants engage 
in “obligatory attention” (Stechler & Latz, 1966) and are apparently unable to 
voluntarily look away from a stimulus. Thus, for very young infants, competi-
tion for attention presents a difficult problem. This difficulty may reflect a bias 
against responding when the infant is engaged on a stimulus (Richards, 1997b); 
the inability to disengage, or break fixation, to the central stimulus (Hood, 
1995); or problems with initiating an eye movement while looking at a central 
stimulus (Johnson, 1990).

Infants’ ability to shift to the peripheral stimulus develops rapidly (Hun-
nius & Geuze, 2004), and by 6 months, infants’ responding in the overlap tri-
als looks similar to that of adults (Csibra, Tucker, & Johnson, 1998). To be 
clear, both 6-month-old and adult fixation is somewhat “sticky” in the overlap 
condition— they are slower to orient to the peripheral stimulus in the overlap 
trials than in the gap trials. But they disengage much more quickly than do 
younger infants. It is noteworthy that in older infants, the nature of the central 
stimulus can influence infants’ responding in this task. For example, when the 
central stimulus is a human face, the affect depicted by that face (e.g., fearful vs. 
happy) determines how “sticky” fixation is in 7-month-old infants (Peltola, Lep-
pänen, Palokangas, & Hietanen, 2008). Thus, infants’ orienting, selection, and 
disengagement undergoes significant changes in the first 6 postnatal months, 
but factors such as the type of stimuli can induce differences in behavior even 
beyond this period.

Finally, our findings with the distraction procedure described earlier also 
reveal developmental changes in selection and orienting (Oakes et al., 2002, 
2004; Oakes & Tellinghuisen, 1994). Recall that in our procedure we assess 
infants’ response to a distractor as they play with and attend to a toy, affixed to 
a specific location on a high-chair tray. In general, 9- and 10-month-old infants 
are more resistant to distraction than are 6- to 7-month-old infants (Oakes et 
al., 2002; Oakes & Tellinghuisen, 1994), suggesting that these older infants 
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could better maintain their selection of and orienting to the central target (in 
this case a colorful, complex, multipart toy) in the face of a (less informative) 
distractor. Thus, in this context inhibiting responding to the distractor is the 
more effective strategy for learning about the objects. The point is that the abil-
ity to selectively maintain attention to a target or shift attention to a new target 
develops across the first year.

These examples illustrating developmental changes in sustained and selec-
tive attention also reveal significant changes in attentional control. In the first 
postnatal months, attention is externally controlled: infants’ attentional fixa-
tion seems obligatory (Stechler & Latz, 1966) and automatically orient toward 
some stimuli over others (Dannemiller, 1998, 2000). But, as is evident from 
the developmental changes described in this section, over the first 12 months 
infants increasingly become able to voluntarily control their attention. Over the 
first 6 months infants’ level of engagement during sustained attention increases 
(Casey & Richards, 1988); by 6 months infants’ gaze shifting when stimuli 
compete for attention looks adult-like (Csibra et al., 1998; Hunnius & Geuze, 
2004); and between 6 and 10 months infants become increasingly able to resist 
distraction, particularly when attention is actively engaged in learning new 
information (Oakes et al., 2002).

Clearly, no task engages a single attention network, and none of these atten-
tional processes operates in isolation. In a crowded visual scene, orienting and 
selection may involve disengagement. Top-down control may interact with the 
salience of particular features to determine where infants attend. The inter-
action of these different attentional processes determines where infants look, 
how long they look, how quickly they look, and so on. Thus, infants’ looking 
behavior provides a window to these attentional processes, but understanding 
infants’ attention from their looking requires carefully considering the multiple 
attentional processes that must be involved.

The following sections provide a discussion of the factors that contrib-
ute to these developments. As described earlier, the present framework is that 
the development of each of these processes reflect multiple factors interacting 
together. Thus, the final section presents a framework for understanding these 
developmental changes by considering the interaction of these multiple factors.

Biological, Psychological, and Social influences 
on attention Development

As described at the start of this chapter, we understand the development of 
attention— and cognitive processes more generally— as the result of multiple 
interacting factors. Just as developmental changes in visual attention behaviors 
and looking do not reflect the development of only one of the systems described 
in the previous section, those developmental changes do not reflect only 
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biological or cognitive or social factors. Rather, we argue that during infancy, 
attentional processes develop through the interaction of such factors. The fol-
lowing sections describe the role of each of these types of factors.

Biological Factors That Contribute to Changes 
in Visual Attention

Neuroanatomical factors contribute to the development of attention networks. 
That is, developmental changes in infants’ looking behaviors reflect, at least in 
part, the development of the neuroanatomical pathways involved in maintain-
ing sustained attention, orienting and selecting, and controlling attention. Of 
course, these are not the only biological factors that contribute to infants’ visual 
attention and looking behavior. At the most fundamental level, infants’ visual 
behavior is constrained by the immaturity of the retina, including changes in 
the number, efficiency, and distribution of the photoreceptors. At birth, the 
peripheral parts of the retina resemble those of an adult, but the macula is very 
immature— the cells are immature, there are fewer of them, and their organi-
zation is different (Abramov et al., 1982). Moreover, even the neurotransmit-
ting properties of these neurons in the newborn’s retina are much less effective 
than those of an adult (Hollyfield, Frederick, & Rayborn, 1983). As a result, 
the weeks and months after birth are characterized by dramatic changes in 
vision as the retina becomes able to transmit more information about light to 
the parts of the brain that process such information. Indeed, during this period 
there are rapid changes in visual acuity and contrast sensitivity (see Banks & 
Dannemiller, 1987, for a review). These profound changes in what the infants 
can actually see most certainly contribute to the development of looking and 
visual attention in the first months of life.

In addition, infants’ visual attention and looking behavior develop as a 
function of the maturation of brain regions involved in controlling eye move-
ments, processing information from the retinas, and integrating different types 
of information. Researchers who study visual attention in adults examine 
the cognitive neuroscience of attention— the goal of this body of work is to 
understand brain– behavior relations. Developmental changes in infants’ visual 
behavior must reflect (at least in part) the development of those brain– behavior 
relations. Indeed, we can generally characterize much of the changes in visual 
attention as reflecting a general shift to increasing cortical control of or engage-
ment in visual attention, as cortical regions involved in vision and visual atten-
tion develop (Atkinson & Braddick, 2012; Johnson, 1990).

Consider the visual behavior of a newborn infant. At birth, infants exhibit 
visual preferences and saccadic pursuit tracking, likely controlled by the supe-
rior colliculus and the connections between the superior colliculus and the lat-
eral geniculate nucleus (see Johnson, 2010, for a review). Recall that IOR can 
be observed in newborn infants (Valenza et al., 1994). IOR is thought to be a 
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function of the superior colliculus because patients with damage to the superior 
colliculus do not show IOR and patients with cortical damage but an intact 
superior colliculus do show IOR (Klein, 2000). Thus, the developmental status 
of subcortical structures at birth allows newborn infants to engage in some 
visual attention processes, but they are unable to coordinate motor and visual 
abilities, resulting in what Atkinson (2000) refers to as “crude orienting.”

Cortical control over visual behavior begins to develop rapidly, and we see 
many changes in visual behavior over the first postnatal year (and beyond) that 
likely reflect this increasing cortical control. For example, oculomotor control 
is achieved both by the superior colliculus and the frontal eye fields (Johnson, 
1995). Developmental changes in the middle temporal area, and the magnocel-
lular pathway allow smooth pursuit tracking by 2 months, and development 
by 4 months in the frontal eye fields and parvocellular pathway allow more 
anticipatory visual tracking (see Johnson, 1990, for a discussion). Moreover, 
changes in shifts of attention and inhibition of automatic saccades are likely due 
to maturation and connectivity of the frontal eye fields, and increasing engage-
ment by cortical structures (Hood & Atkinson, 1993). However, subcortical 
structures— and the connections and communication between those structures 
and cortical structures— continue to develop. Thus, it is important not to over-
simplify the developmental trajectory as visual attention being fully subcorti-
cally controlled to visual attention being fully cortically controlled (Johnson, 
1990).

Consider as an example the changes in the gap- overlap task described ear-
lier. Six-month-old infants (and adults) are faster to look at the peripheral stimu-
lus in gap trials (when the central stimulus is removed before the onset of the 
peripheral stimulus) than in the overlap trials (when the central stimulus remains 
on when the peripheral stimulus is presented), indicating that attention operates 
differently when there is and is not competition. However, the ability to disen-
gage or shift attention in the overlap trials— and thus how “sticky” the fixations 
to the target are— develops considerably over the first postnatal months. Infants 
3 months and younger have extreme difficulty disengaging from a central target 
to shift fixation to a peripheral target, exhibiting much longer latencies to look 
to the peripheral than do older infants (Hood, 1995). This high level of sticki-
ness is also seen in Balint’s syndrome patients, adults who have bilateral legions 
in the parietal lobes (Culham, 2002). Therefore, young infants’ difficulty in 
coping with competition for attention in the gap trials may reflect an imma-
turity in parietal regions (although such development is also likely influenced 
by continued development of subcortical structures, as well as developing con-
nections between cortical and subcortical structures). Indeed, existing evidence 
suggests dramatic changes in the parietal cortex during the first 6 postnatal 
months (Chugani, 1998; Deoni et al., 2011).

What is clear from the discussion thus far is that it would be a mistake 
to think about these three attention networks— and the neuroanatomical 



 4. Looking Behavior 53

structures that support them—as developing in a rigid sequence. Instead, in any 
given context, these networks operate together and developmental changes in 
multiple cortical regions have a profound effect on how infants orient, sustain, 
and control attention.

Visual Attention and Cognitive Abilities

Developmental changes in infants’ visual attention and visual behavior do 
not only reflect neuroanatomical changes. A primary goal of early studies on 
infants’ looking behavior was to understand the role of cognitive processes on 
visual attention. Specifically, questions were asked about how basic information 
processing and memory determined where and how long infants looked. And, 
a very large body of literature shows a connection between infants’ looking 
and cognitive processes. Early on, this connection was explained using a model 
based on Sokolov’s comparator model (Cohen, 1973; Colombo & Mitchell, 
2009). According to this approach, when infants attend to a stimulus (i.e., look 
at it) they form a memory for that stimulus. When they next encounter an item, 
they compare the stored information with the currently available information. 
If there is a match, the infant will be less interested than if there is a mismatch. 
Thus, looking is explicitly described as a function of how much what infants are 
looking at matches a previously formed memory, and thus reflects cognitive pro-
cessing. This view has been challenged over the years (see Colombo & Mitchell, 
2009, for a review). But it is widely accepted that infants’ looking time is related 
to their memory processes.

The general finding that infants prefer to look at novel stimuli than familiar 
stimuli supports this conclusion. Fagan (1972, 1977a) took advantage of this 
fact about infants’ looking, and developed a “novelty preference” procedure to 
study the development of memory in infants. In this task, infants are not habitu-
ated, but they are given a standard familiarization period with a stimulus (e.g., 
they are shown an image of a face for 20 seconds). Following this familiariza-
tion period, infants are shown a pair of stimuli— the now- familiar stimulus 
with a novel stimulus. The logic is that if infants could form a memory for the 
familiar stimulus in the time allowed during familiarization, then they should 
show a preference for (i.e., look longer at) the novel stimulus. Studies using this 
procedure have revealed significant insight into the development of memory in 
human infants— for example, older infants can form memories more quickly 
than do younger infants (Rose et al., 1982), and infants require more time to 
form memories of complex images than to form memories of simpler images 
(Fagan, 1974).

Thus, infants’ looking behavior is qualitatively related to cognitive pro-
cesses— if they remember they show a novelty preference. However, looking 
measures and cognitive abilities are also quantitatively related. For example, 
individual differences in the strength of infants’ novelty preference at 5 to 7 
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months predicts their verbal IQ at 4 to 7 years (Fagan & McGrath, 1981). Infants 
born prematurely and those born at term (at least between 5 and 7 months of 
age, corrected age for preterm infants) show weaker novelty preferences than do 
infants born at term (see, e.g., Rose, Feldman, McCarton, & Wolfson, 1988). 
Such findings suggest that infants’ looking time provides insight into how effec-
tive they are as information processors, and that there is a fairly direct relation 
between infants’ looking behavior and their cognitive processes.

The assumption of such a quantitative relation between looking and cogni-
tive abilities underlies work by Colombo and his colleagues (Colombo, Mitchell, 
Coldren, & Freeseman, 1991) comparing learning by infants who are long look-
ers to learning by infants who are short lookers. In this work, infants’ baseline 
level of looking is determined in a neutral pretest, and then their learning of 
some new stimulus is assessed. Longer looking during this pretest is assumed to 
reflect generally slower or less efficient processors of visual information. There-
fore, longer- looking infants should show different learning than do shorter- 
looking infants. Indeed, results from a number of studies reveal that long- and 
short- lookers learn differently about visually presented information (Colombo 
et al., 1991; Jankowski, Rose, & Feldman, 2001). Thus, infants’ looking behav-
ior appears to be a function, at least in part, of underlying cognitive processes.

Other work has attempted to understand infants’ ongoing cognitive pro-
cesses by interrupting those processes after different amounts of looking. The 
logic is that if we interrupt infants early in their looking, they will have engaged 
in less learning or processing, and thus they will have less fully encoded, pro-
cessed, represented, and so on, the stimuli. If we allow them more time to look 
at the familiar stimuli, they will have engaged in more learning or process-
ing, and thus they will have more fully encoded, processed, and represented 
those stimuli. Hunter, Ross, and Ames (1982), for example, showed that infants 
exhibited a preference for familiarity when their habituation was interrupted, 
but they showed the expected preference for novelty when they were allowed to 
become fully habituated. Rose and her colleagues (1982) showed that infants’ 
novelty preference in the novelty preference procedure was a function of their 
study time; more robust novelty preferences were observed when infants were 
given more time to study stimuli than when they were given less time to study 
those stimuli. Roder, Bushnell, and Sasseville (2000) systematically examined 
changes in novelty and familiarity preferences over time by assessing infants’ 
novelty preference on a series of successive trials in which a familiar stimulus 
was paired with a different novel stimulus. On early trials (when infants had 
looked at the familiar stimulus for shorter durations), infants showed a famil-
iarity preference, and on later trials (after more time looking at the familiar 
stimulus) infants showed a novelty preference.

Horst, Oakes, and Madole (2005) explicitly examined the changing nature 
of infants’ representations of a collection of items by examining how they 
responded to different kinds of novelty following varying amounts of study 
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time. We habituated 10-month-old infants to a category of items—for example, 
four objects that were all acted on in the same way (e.g., squeezed), and made 
the same sound when acted on (e.g., squeaked), but looked different (e.g., pur-
ple and round, pink and oblong). Following different amounts of accumulated 
looking to the familiar stimulus set, we measured infants’ interest in novel items 
that differed in appearance and/or function. We assumed that infants were 
engaged in actively learning about, forming representations of, and categoriz-
ing the items during their looking, and that infants would have learned more 
deeply after accumulating more looking than after accumulating less looking. 
We found that infants’ pattern of novelty preferences differed as a function 
of the amount of time they looked at the familiar stimuli, suggesting that the 
processes of learning, representing, and categorizing the stimuli influenced the 
duration of looking.

Such findings about the connection between infants’ looking and their 
cognitive processing provide the foundation of Cohen’s (1998) information- 
processing theory of infants’ looking. In this view, infants’ looking is a function 
of the number of “units” of information infants are processing— when stimuli 
or situations present more units of information to infants, they look for longer 
durations. Thus, infants look longer at complex stimuli than at simple stimuli 
because presumably complex stimuli have more units. In addition, because with 
age infants become able to process stimuli in larger “chunks” (and thus the same 
stimuli have fewer units to process for older infants than for younger infants), 
the duration of looking to any given stimulus should decrease with age. Theories 
like this suggest a very direct relation between infants’ looking and their cogni-
tive processes.

In recent years, the availability of automatic eye trackers have allowed 
researchers to attempt to make even stronger links between looking behavior 
and cognitive processes. For example, Kirkham and colleagues (2007) exam-
ined infants’ learning of spatiotemporal sequences (i.e., where shapes appeared 
sequentially in different locations in a predictable pattern). A series of stud-
ies using habituation showed the discriminations infants could make between 
familiar and novel sequences. Using an eye tracker, Kirkham and colleagues 
evaluated infants’ learning of the sequences by examining their eye movements 
to predictable and unpredictable locations. The logic was that where infants 
looked— and how quickly they moved their eyes to those locations— provided 
insight into their anticipations for the sequences, reflecting their memory for 
consistent sequences.

Other work has examined infants’ gaze patterns in the absence of learn-
ing, with the assumption that those gaze patterns provide insight into learning 
in other contexts. For example, we have conducted studies examining infants’ 
looking at the diagnostic (head) regions of images of dogs and cats (Hurley 
& Oakes, 2015; Kovack-Lesh, McMurray, & Oakes, 2014). Four-month-old 
infants who have pets at home show stronger biases to look at the head regions 
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of images of dogs and cats than do 4-month-old infants who do not have pets 
at home. We use this pattern to help understand other findings that 4-month-
old infants with pets show more sophisticated learning of images of dogs and 
cats than do 4-month-old infants without pets (Kovack-Lesh, Horst, & Oakes, 
2008; Kovack-Lesh, Oakes, & McMurray, 2012). The point is that infants’ gaze 
patterns are thought to reflect the strategies infants use to acquire information 
about visual stimuli and to learn about those stimuli.

In summary, infants’ looking behavior seems to be closely tied to cognitive 
processes. Infants’ looking provides insight into their learning, memory, and 
representation of an event or object. Thus, any explanation of infants’ looking 
that ignores the role of cognitive processes will be incomplete.

The Influence of Social Factors on Attention

Attention— as is true for all cognitive abilities— develops in a social context. 
Indeed, one aspect of attention that develops during infancy, and plays a criti-
cal role in social and linguistic development, is joint attention, or the process 
by which two people (usually caregiver and infant) share attention to the same 
object, event, or person (Grossmann & Johnson, 2010; Scaife & Bruner, 1975). 
But more broadly, infants’ attentional abilities develop as they look at and inter-
act with human faces; look at and inspect objects in their environment; and 
experience competition for attention in contexts such as playgroups, cluttered 
day care settings, zoos, homes with pets and siblings, outdoor playgrounds, 
and so on. Such experiences must influence infants’ developing visual attention. 
They provide a context for the infant to practice attentional abilities. Contexts 
challenge infants’ abilities to maintain their attention, orient and select, and 
control their attentional processes. Some experiences directly shape infants’ 
developing attention abilities. What is clear is that infants’ everyday experiences 
are other factors that contribute to the development of attention.

There is some evidence that infants’ attention is directly shaped by their 
social interactions. For example, infants’ attention to toys is different during 
independent play and during play with a caregiver (Landry & Chapieski, 1988; 
Landry et al., 1986; Lawson, Parrinello, & Ruff, 1992); infants engage in more 
sophisticated or focused attention during social interactions than when play-
ing alone. For example, Landry and Chapieski (1988) observed that 6-month-
old infants looked at toys more and investigated more toys when interacting 
with their mothers than when playing alone. Moreover, the particular strategies 
mothers adopted shaped infants’ attention to toys in these interactions (Landry 
et al., 1996). Of course, conclusions about direction of effect are difficult to 
draw; other work has shown that infants’ visual engagement at one time point 
predicts mothers’ interactional style at a later time point (Sigman & Beckwith, 
1980), consistent with the possibility that caregivers are not scaffolding infants’ 
attention but rather are reacting responsively to individual differences in infants’ 
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attentional styles and developmental levels. But such findings suggest a connec-
tion between attention and social interactions.

Other work suggests a more indirect, and potentially profound, effect on 
infants’ developing visual attention. Specifically, infants’ social experiences— at 
least as construed as their everyday experience looking at, visually inspecting, 
and orienting toward objects, people, and actions— provide them with opportu-
nities to use, adapt, and develop their visual attention abilities. Everyday experi-
ences provide the input to the visual system, the contexts in which to engage and 
disengage visual attention, the objects to maintain a sustained attention toward, 
conflict that requires control over attention, and so on. It would not be surpris-
ing, therefore, if those experiences shaped the development of visual attention 
in important ways.

In fact, infants’ visual attention does reflect their everyday experience. By 3 
months, infants look longer at faces that are from a familiar race than at faces 
that are from a novel race (Kelly, Liu, et al., 2007; Kelly et al., 2005); newborns 
do not show such preferences (Kelly et al., 2005). Thus, infants come to prefer 
to look at faces that are like those that they have been viewing, inspecting, and 
orienting toward during the first postnatal weeks. Such preferences are probably 
related to the cognitive processes influencing attention described in the previous 
section: when encountering novel faces in an experimental setting, infants are 
likely comparing those faces to their representations of previously encountered 
faces, and their visual preferences are likely related to the fact that it is easier 
for them to process information about new faces that are similar to their past 
experience than about new faces that are different from their past experience.

However, this development of preferring to look at relatively familiar 
stimuli also suggests that through the daily experience of looking at, visually 
inspecting, and orienting to objects, actions, and people in their environment 
infants learn how to attend to and learn about those types of objects, actions, 
and people in their environment. They learn what features of human faces are 
most diagnostic; they learn where to look when viewing a human performing 
common actions (such as picking up and moving objects); and they anticipate 
the outcomes of events by directing their gaze to where the action will appear, 
rather than remaining focused on where the action had occurred (such as look-
ing at the edge of an occluder where an object is expected to emerge).

Consider recent findings on infants’ visual inspection of human faces. We 
used an eye- tracking procedure to examine developmental changes between 4 
and 12 months of age in how infants scan faces (Oakes & Ellis, 2013). Younger 
and older infants scanned upright faces differently— younger infants were nar-
rower in their scanning, focusing their gaze on the eye region more than did 
older infants, whereas older infants scanned more features in the internal region, 
focusing on the eyes, nose, and mouth. Although it is likely that development of 
cortical control over eye movements and other attentional processes and infants’ 
cognitions about how to learn about faces contribute to such findings, these 
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results also suggest that there are changes due to differences in experience. This 
is particularly clear when we consider infants’ scanning of inverted faces. We 
observed no change in scanning of inverted faces; across the ages tested, infants 
focused narrowly on the eye region. Thus, the changes in scanning we observed 
for upright faces do not simply reflect maturation of the neural structures that 
underlie the attention networks, or infants’ basic cognitive abilities. Rather, 
changes in infants’ scanning changes differently reflected how the particular 
stimuli made contact with their previous experience. In this case, we observed 
different developmental trajectories for infants’ visual inspection of faces in the 
more familiar upright orientation than for their visual inspection of faces in the 
less familiar inverted orientation.

The point is that comparison of infants’ visual inspection of relatively famil-
iar (upright faces) and relatively unfamiliar (inverted faces) stimuli suggests that 
experience and knowledge help infants to learn how to attend to stimuli. When 
they are younger, inexperienced, and naïve, infants engage in less sophisticated 
scanning patterns, perhaps reflecting immature orienting, selection, and control 
networks. With age, experience, and knowledge, scanning patterns change, per-
haps reflecting more mature orienting, selection, and control networks.

This general conclusion is supported by evidence of infants’ visual inspection 
of own- and other-race faces. In particular, Asian and White 3- to 10-month-
old infants show different developmental changes in scanning of own- versus 
other-race faces (Liu et al., 2011; Wheeler et al., 2011). Both groups of infants 
changed their scanning of own-race faces relative to their scanning of other-
race faces, suggesting that increased experience with a particular type of face 
induced infants to look differently at faces similar to those familiar faces and 
faces different from those familiar faces. Interestingly, although both White 
infants and Asian infants shifted their scanning of own-race versus other-race 
faces, the pattern was different for the two groups. Specifically, White infants 
looked increasingly at the eyes of own-race faces (Wheeler et al., 2011), whereas 
Asian infants decreased their looking to the internal features of other-race 
(White) faces (Liu et al., 2011). Such differences may reflect infants’ increas-
ing awareness of cultural expectations for mutual gaze during interpersonal 
interactions, or they may reflects infants’ learning of which features are most 
diagnostic for discriminating faces from their own race. In addition, these dif-
ferences in face scanning may underlie developmental differences in infants’ 
ability to discriminate and remember other and own-race faces (Kelly et al., 
2009; Kelly, Quinn, et al., 2007).

We have observed similar differences for how infants with and without 
pets scan images of dogs and cats like those depicted in Figure 4.4 (Hurley & 
Oakes, 2015; Kovack-Lesh et al., 2014). In these studies, 4-month-old infants 
with pets at home had stronger biases to look at the heads and faces of dog and 
cat images than did 4-month-old infants without pets at home. This difference 
is particularly interesting given findings that infants can distinguish between 
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images of dogs and cats based only on information in the head and face region 
(Quinn & Eimas, 1996; Spencer, Quinn, Johnson, & Karmiloff- Smith, 1997). 
When infants are shown images of dogs and cats without head and face regions, 
in contrast, they are unable to discriminate between those images. Thus, the 
finding that infants with pets have a stronger bias to look at the head and face 
regions of images of dogs and cats (Hurley & Oakes, 2015; Kovack-Lesh et 
al., 2014) suggests that infants with pets attend more to the most informative 
regions of the images than do infants without pets. Infants’ everyday experi-
ence appears to contribute to the development of infants’ ability to orient to and 
select features of items when engaged in visual inspection.

Such everyday experiences also appear to influence infants’ ability to select 
among multiple available items and deal with competition for attention. Kovack-
Lesh et al. (2014) assessed 4-month-old infants’ attention when presented with 
pairs of cats and dogs, allowing us to understand more about the relation in a 
more challenging context. For example, we analyzed infants’ gaze transitions 
and found that infants with pets had more within- animal transitions (i.e., shift-
ing their gaze from one part of an animal to a different part of that same ani-
mal) than did infants without pets. This may indicate that infants with pets 
were better able in this context to maintain their attention to one item in the 
face of distraction (i.e., the presence of the other animal). In addition, infants 
with pets not only looked more at the heads than did infants without pets, but 
when shifting their glance from one animal to the other, infants with pets were 
more likely to shift to or from the head region. That is, their comparisons of the 
two animals were more likely to involve the head regions than were the com-
parisons by the infants without pets. These gaze-shift data may reveal that at 4 
months infants have better attentional control when viewing relatively familiar 
items than when viewing less familiar items.

Taken as a whole, the work described in this section illustrates the role of 
everyday interactions on infants’ developing attention. Infants learn about famil-
iar items, and their attentional behaviors differ when the targets of attention 

FiguRe 4.4. Examples of the type of stimuli used in studies comparing visual attention 
to images of cats and dogs by infants with and without pet experience. From Kovack-Lesh, 
Horst, and Oakes (2008). Copyright 2008 by the International Society on Infant Studies. 
Reprinted with permission from John Wiley & Sons, Inc.
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are more or less familiar. This suggests that changes in orienting, selection, 
control, and so on are not solely a function of neuroanatomical development or 
increasing cognitive capabilities, but that they are also a function of the ways in 
which infants have used those attentional behaviors in their interactions with 
the objects, people, animals, and so on in their environment.

Putting it all together:  
a Framework for understanding infants’ attention

The previous sections described the separate influences of biological, cognitive, 
and social factors on infants’ looking and visual attention. However, our view 
is that these factors together determine how infants’ visually attend, and how 
visual attention develops, and none of these factors actually operate in isolation. 
Looking behavior at any given moment reflects, at least in part, influences of 
one factor as mediated by another factor. Daily experience with animals, for 
example, makes images of animals easier to process. Thus, differences in look-
ing behavior toward images of cats and dogs between infants with and without 
pets likely reflects how daily experience contributes to infants’ learning and 
memory of such stimuli, and it is impossible to isolate the influence of either 
factor.

Our conceptual framework is depicted in Figure 4.5. (Note, in this frame-
work, we use the broad term attentional processes to refer to the processes 
subserved by the subcortical and cortical systems described earlier.) Several fea-
tures of this conceptual framework are important. First, multiple factors con-
tribute to infants’ looking behavior. As described in previous sections— and as 
depicted in Pathways 1, 2, and 3—we can conceptualize direct influences of 
daily experience, attentional processes, and other cognitive processes (such as 
memory, learning, etc.) on infants’ looking behavior. Solid lines in this figure 
represent such effects. The previous sections described the influences on looking 
and visual attention as depicted by these solid lines.

FiguRe 4.5. A conceptual model for how factors contribute to infants’ looking. Adapted 
from Kovack-Lesh, McMurray, and Oakes (2014). Copyright 2014 by the American Psycho-
logical Association. Adapted by permission.
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However, it is unlikely that any of these factors directly influences look-
ing without the contribution of the other factors. As described above, daily 
experience with some types of objects (animals, faces of particular races, etc.) 
may make those objects easier to process— infants may form memories and 
representations of relatively familiar objects more quickly than relatively novel 
objects, infants may have developed strategies for how to deploy their atten-
tion to the most meaningful parts of relatively familiar objects. Any observed 
effect of daily experience, therefore, actually reflects, at least in part, the effect 
of such experience on cognitive and attentional processes that contribute to 
visual attention. The dotted pathways in Figure 4.5 (Pathways 4, 5, and 6) rep-
resent the types of bidirectional relations we propose. Not only will infants’ 
daily experiences shape the attentional strategies infants use, their use of those 
attentional strategies will shape those interactions. For example, cultures (and 
parents) differ in whether during a mutual gaze one looks in the eyes of the 
other person (Anzures, Quinn, Pascalis, Slater, & Lee, 2013; Fu, Hu, Wang, 
Quinn, & Lee, 2012). Infants in different cultures may therefore learn from 
face-to-face interactions to focus more on the eye regions or the nose regions of 
faces during such interactions. Moreover, what infants learn about faces from 
visual inspection of faces will differ depending on the particular strategy they 
adopt— infants who come to look more at the eye region will learn more (in the 
future) about the eyes of faces than will infants who come to look more at the 
nose region. The point is that attention and learning are ultimately a function of 
how these two influences operate together and shape each other.

The existing literature demonstrates such bidirectional relations. Recall that 
4-month-old infants with pets show a stronger bias to look at the heads of dogs 
and cats than do infants without pets (Hurley & Oakes, 2015; Kovack-Lesh et 
al., 2014), showing that attentional control, selection, and so on are influenced 
by what infants have learned about how to look at images of animals. Even 4- 
and 6-month-old infants who do not have pets show a bias to look at the head 
regions of images of animals (Hurley & Oakes, 2015; Kovack-Lesh et al., 2014; 
Quinn, Doran, Reiss, & Hoffman, 2009), demonstrating that young infants can 
and do find the diagnostic regions of these images even when they do not have 
relevant experience. But infants show a stronger bias at 4 months if they had a 
pet at home. It is not simply that infants look longer or faster at relatively famil-
iar stimuli, but they deploy their attention differently depending on their past 
experience with similar items. Their past experience seems to help them learn 
how to attend to those stimuli.

Looking behavior also reflects bidirectional relations between attentional 
and other cognitive processes. In Figure 4.5, these two boxes overlap, illustrat-
ing the connection between these two factors. Attentional processes are cogni-
tive abilities, but we have also talked about them here as separate processes. Just 
as infants’ looking behavior is not a pure reflection of their everyday experi-
ences, looking behaviors that seem to reflect attention or other cognitive pro-
cesses (such as memory, comparison, or categorization) almost certainly reflect 
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this intersection between mulitple processes. Consider two looking behaviors 
described in earlier sections: disengagement in the gap- overlap procedure and 
long- versus short- looking. Earlier, attention switching and disengagement in 
the gap- overlap procedure was discussed in terms of neuroanatomical develop-
ment; once cortical structures involved in shifting attention, oculomotor con-
trol, and disengagement are developed, infants show adult-like responding in 
this task (by 6 months). Long- versus short looking, in contrast, was discussed 
in terms of speed of processing; infants who are long lookers are assumed to 
be slower or less efficient processors than infants who are short lookers. Thus, 
these two measures of attentions were discussed in terms of either attentional 
processes or other cognitive processes. However, these two aspects of looking 
behavior are likely influenced by attention and other cognitive processes.

Indeed, Frick and colleagues found that individual differences in looking 
behavior (long- vs. short- lookers) was related to disengagement in gap trials of 
the gap- overlap task (Frick, Colombo, & Saxon, 1999). They argue that some 
of the variability in the length of infants’ looking reflects development of the 
neural attentional systems involved in disengagement. That is, whether infants 
were short- or long lookers reflected disengagement processes, as well as other 
cognitive processes such as processing speed. Thus, looking behavior that is 
taken to reflect speed of processing actually reflects a combination of process-
ing speed and disengagement, as well as other factors and processes. Similarly, 
although looking behavior in the gap- overlap task can be taken as reflecting dis-
engagement, evidence shows that other processes are involved. Peltola and col-
leagues (2008) found that when the central stimulus in a gap- overlap task was 
a face, 7-month-old infants had more difficulty disengaging from fearful faces 
than from happy or neutral faces. Although this effect does not directly assess 
the role of cognitive processing on infants’ disengagement, it does suggest that 
how quickly infants shift their gaze from the central to the peripheral stimulus 
reflects not only attentional processes but also infants’ psychological processing 
of the central stimulus (in this case, the familiarity or emotional significance of 
the faces). Moreover, these processes may truly have bidirectional influences on 
looking behavior. Long lookers may have more difficulty disengaging because 
they are slower at processing the target of fixation— that is, disengagement may 
be determined, in part, by the processing of the target stimulus. It is also pos-
sible that disengagement processes operate differently when the fixation target 
is more familiar, more emotionally demanding, and so on. The networks in the 
brain are engaged in multiple tasks, and it is not surprising that behavior reflects 
bidirectional influences of these processes.

Finally, Pathway 6 suggests a different kind of interaction among these 
influences on infants’ looking behavior. Specifically, at any given moment 
infants may use attentional strategies that reflect cognitive influences on atten-
tion or basic attentional abilities (e.g., engaging and disengaging in competing 
stimuli in ways that allow comparison of those stimuli), but those attentional 
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strategies operate differently— and be more or less effective— depending on the 
interaction between infants’ past experience and the stimuli being attended to 
at that moment. For example, in two separate investigations we found that only 
4-month-old infants who had pets at home and who engaged in more compari-
son during testing learned about the series of cats presented during familiariza-
tion (Kovack-Lesh et al., 2008, 2012). Infants who did not have pets and infants 
who had pets but exhibited low levels of comparison did not show evidence of 
learning. This raises the possibility that when infants engage in a more sophisti-
cated learning strategy (in this case, looking back and forth between two simul-
taneously presented stimuli), they learn more when using this strategy with 
relatively familiar stimuli than when using it with less familiar stimuli. That is, 
attentional engagement, selection, orienting, and so on may be more effective 
when the to-be- learned stimuli are related to one’s past experience (and thus, 
one has learned how to learn about those items) than when the to-be- learned 
stimuli are more distant from one’s past experience.

The framework described here addresses the “Humpty Dumpty problem” 
(Oakes, 2009) in the study of infant visual attention. Rather than studying look-
ing as reflecting either attentional processes and networks or cognitive pro-
cesses or social factors and everyday interactions, this framework illustrates 
how looking behavior reflects the interaction of those factors. Importantly, this 
framework also provides a direction for future research. Although some under-
standing can be gained by studying biological, cognitive, and social factors on 
the development of visual attention, a full understanding can only be gained 
by studying how these factors interact. That is, by building on previous work 
examining isolated components of visual attention, we can begin to under-
stand how attention and looking behavior reflects how those components work 
together. For example, future work might ask how social interactions scaffold 
infants’ attention, facilitating development of infants’ ability to sustain atten-
tion. Or work may be conducted examining how disengagement processes are 
influenced by the psychological processes engaged by the central target. The 
goals of such work would be to understand how multiple factors together deter-
mine behavior, and how attention is the result of such interactions and relations 
among processes.

Summary

We take the perspective that infants’ looking and the direction and duration 
of infants’ looking at any given moment reflects the interaction among infants’ 
existing knowledge or history, their ability to learn about the stimuli, and their 
basic attentional skills. This is a biopsychosocial perspective in that it reflects 
the interaction among biological factors (i.e., neural pathways that control 
attention), psychological processes (i.e., basic cognitive development), and social 
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factors (i.e., the infants’ history with objects, events, and people). Development 
of infants’ looking behavior cannot be reduced to any one of these factors, but 
reflects, instead, developmental changes at multiple levels and changes in the 
interactions among these factors with development. Continued understanding 
of this development requires that future research focuses on these interactions. 
That is, it is important to understand attentional processes in the context of 
social interactions, considering the demands on cognitive resources, as well as 
what is known about developing cortical control of attentional processes. In 
addition, it must be recognized that there is no “pure” influence of maturing 
brain regions on attentional processes, and that such influences also reflect the 
infant’s history of social interactions and use of attentional processes in con-
junction with other cognitive processes. Addressing such questions requires 
thinking carefully about the stimuli used to assess attentional processes, as well 
as ways to examine these developing questions in methods other than presenting 
computer- generated stimuli to infants and measuring looking behavior. Tradi-
tional stimuli and methods will continue to yield insight into this development, 
but deeper understanding will be gained by adapting stimuli and methods in a 
way that allows us to consider the interactions among these multiple factors and 
how they work together to influence and determine the development of visual 
behaviors.
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Attention is a core concept in psychology, and a fundamental component in 
information- processing models for human cognition. For the most part, 

within the field of early cognitive development, attention was primarily used 
as a means to study other cognitive mechanisms or processes, such as recogni-
tion memory or the nature of representation. Beginning in the 1980s, however, 
attention became a topic of study in its own right, owing to the convergent 
use of behavioral and psychophysiological measures in the study of infants’ 
responses to stimuli (Richards, 1989), and to reports suggesting that measures 
of attention in infancy were modestly predictive of intellectual and language 
outcomes in later childhood (Bornstein & Colombo, 2012). In the field of edu-
cation, attention was rarely considered as a construct worthy of study in and of 
itself , except in cases when attentional deficits interfered with learning (Bark-
ley, 1997) or presented a marker for potential psychopathology (Walsh, Elsab-
bagh, Bolton, & Singh, 2011). However, in the last decade, attention (sometimes 
under the guise of even less well- specified constructs such as “engagement” or 
even “mindfulness”) has come to the fore in the field of education as measures 
of attention have been found to be predictive of various forms of achievement 
(Sarver et al., 2012). As we have noted elsewhere (Colombo, Kannass, Walker, 
& Brez, 2012), among the more salient reasons for this is confusion in profes-
sional and academic circles about what attention actually is, about its functions 
or products, or how to translate basic findings to more applied contexts.

C h a P t e r  5
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on the Development of Attention 

in Infancy
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In keeping with the theme of this volume, the purpose of this chapter is to 
examine the construct of attention in the context of its psychological, biological, 
and social attributes, with primary emphasis on its relevance for human infancy. 
We present an organizational framework for considering different varieties of 
attention (James, 1890), and then briefly review the concomitant variety of bio-
logical mechanisms that presumably contribute to these forms of attentional 
function. Finally, in consideration of the social context of attention, we turn to 
examine the nature and impact of an emergent literature on social attention in 
development, and review the nature of attention as employed in social contexts 
or with “social” stimuli, with an eye toward understanding whether this form of 
attention might represent an independent or dissociable form of the construct.

attention: Functions and Forms

More than a century ago, William James (1890) articulated selection as the cen-
tral concept of the construct of attention, and it is probably safe to characterize 
attention as the mechanism through which an organism (presumably besieged 
by innumerable environmental inputs) selects a stimulus or stimulus property 
for processing or action. Over the past century, the nature of that selection has 
been debated on two fronts. One concerns the question of whether selection 
of some inputs categorically excludes other inputs (Broadbent, 1958; Cherry, 
1953) or whether it merely emphasizes some inputs while still allowing others to 
enter the information- processing system (LaBerge, Carlson, Williams, & Bun-
ney, 1997; Treisman & Gelade, 1980). A second debate concerns whether there 
is a single attentional channel (Gladstones, Regan, & Lee, 1989; Welford, 1959) 
or whether attentional resources are distributed more widely or as discrete or 
modular channels (Wickens, 1991). While these issues have largely been pur-
sued within studies of adults and older children, they are relevant to infancy in 
that they bear on the proposed existence of specialized modules for processing 
in early infancy, such as for the processing of faces (Scherf & Scott, 2012) or 
other social stimuli as discussed later in this chapter.

As with most constructs in the behavioral sciences, attention may be mea-
sured at different levels of the organism. At the behavioral level, sensory recep-
tors are directed toward the stimulus that is being attended to; this level of 
measurement is reflected in many paradigms used in infancy, including habitua-
tion (Colombo & Mitchell, 2009), gap- overlap tasks (Blaga & Colombo, 2006; 
Frick, Colombo, & Saxon, 1999), and eye- tracking technologies (Oakes, 2012). 
Attention may also be measured in infancy through bodily responses such as 
heart rate (Colombo et al., 2010), respiration (Richards, 2010), or pupil dilation 
(Jackson & Sirois, 2009), or through brain measures such as electroencepha-
lography (Bell & Wolfe, 2007) or evoked potentials (Reynolds, Courage, & 
Richards, 2010).
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The Functions of Attention

At this point, we look to review the fundamental functions of attention; in 
other words, we attempt to address the question of what attention does for 
human cognitive activity. Simply stated, we posit that attention increases the 
probability of learning. As decades of work on implicit learning show (Perruchet 
& Pacton, 2006), learning can certainly occur in the absence of attention, even 
in human infants (Aslin & Newport, 2012). However, events learned in such 
ways may require extended exposures before being acquired; we would propose 
that attention accelerates or raises the probability that acquisition will occur 
quickly. The question remains, however, as to how this efficiency is realized. 
This question may be partially answered by considering the effects of attention 
on processing and representation of cognition at the neural level.

Attention Raises Stimulus Gain

Data from electrophysiology and neuroimaging have long suggested that the 
neural representation of an attended stimulus in the brain is enhanced, relative 
to an unattended stimulus (Hillyard, Vogel, & Luck, 1998). Such enhancement 
might be attributable to an amplification of the intensity or magnitude of the 
neural representation of the attended stimulus (Hernandez- Peon, 1966), or to 
the suppression of other irrelevant stimulus representations or random ambient 
noise (Neill & Westberry, 1987). In any case, attention appears to increase the 
gain of the stimulus for the organism (Borji & Itti, 2014; Eldar, Cohen, & Niv, 
2013). Indeed, much of infant attention research has capitalized on the widely 
cited orienting reflex (Sokolov, 1958, 1960), which involves the dampening of 
internal physiological mechanisms and autonomic output (Stekelenburg & Van 
Boxtel, 2001), including lowered heart rate (Graham & Clifton, 1966), slowed 
breathing (Denot- Ledunois, Vardon, Perruchet, & Gallego, 1998), increased 
motoric inhibition (Lawler, Obrist, & Lawler, 1975), and even slowed meta-
bolic activity (Vanduffel, Tootell, & Orban, 2000). The ultimate consequence 
of increases in stimulus gain would be enhanced probability for that stimulus or 
event to be learned or acted upon.

Attention Promotes Coordinated Neural Activity

A related consequence of attention appears to be that it increases the likeli-
hood of coordinated or synchronous neural activity within (Steinmetz, Roy, 
Fitzgerald, Hsiao, Johnson, et al., 2000) and across different (Albright, Jessell, 
Kandel, & Posner, 2000) areas of the brain. Such coordinated activity is likely 
fundamental to several critical functions in human behavior, ranging from the 
initiation of action (Rao et al., 1997) to the processes that underlie various 
forms of associative learning (Engel & Singer, 2001) and memory (Klimesch, 
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Freunberger, Sauseng, & Gruber, 2008). Indeed, several prominent authors 
have speculated that neural synchrony provides the basis for higher- order cog-
nitive abilities, including the formation of neurocognitive networks (Bressler & 
Tognoli, 2006; Fries, 2005) that underlie the development of semantic memory.

The Forms of Attention

Given the myriad functions and broad conceptualizations presented for the con-
struct of attention, there has been no shortage of proposals seeking to organize 
attentional processes into a working taxonomy. Such a taxonomy would have 
important implications for those of us who study attention in infants, and so we 
briefly review such efforts here.

One classic neuroscience- based model (Posner & Petersen, 1990) charac-
terized attention in terms of three processes: (1) orienting to sensory events, 
(2) detection of signals, and (3) maintenance of a vigilant state. This model has 
been recently updated (Petersen & Posner, 2012) to reflect more generalized 
functions that include (1) alerting, (2) orienting, and (3) executive processes, 
bringing it into line with an earlier, more developmentally focused proposal 
(Ruff & Rothbart, 1996) that characterized attention as being reducible to a (1) 
attentional state, (2) selectivity, and (3) higher- order control. Our own group 
(Colombo, 2001; Colombo et al., 2012) has posited a model of infant attention 
involving four distinct phenomena: (1) alertness, (2) visuospatial orienting, (3) 
object- centered attention, and (4) endogenous attention. In recent years, how-
ever, we have been working to simplify and reduce this framework further; this 
chapter provides an opportunity for us to explicate an integrative framework 
that may serve to capture the scope of the construct adequately for develop-
mental inquiry. The model (see Table 5.1) is based on the factorial crossing of 
two parameters that are described more fully in the following section: the form 
of attention (state vs. selection) and the path through which each form can be 
evoked (exogenous vs. endogenous). The cell contents provided in Table 5.1 are 
not meant to be exhaustive or comprehensive, but rather are meant to illustrate 
the potential utility of the framework.

Common to all of the models of attention discussed above are (1) a general 
state of readiness for external stimulation (e.g., alertness) and (2) a more tar-
geted process that selects a specific stimulus or stimulus feature for emphasis or 

taBLe 5.1. a Conceptual Framework for attentional Processes

Form

Path of activation

Exogenous Endogenous

Attentional state Stimulus-driven arousal Vigilance

Selective process Attentional capture Executive attention
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processing (e.g., orienting). We posit these as two dissociable forms of attention: 
an attentional state that encompasses phenomena such as alertness, arousal, or 
vigilance; and an attentional process that reflects processes such as attentional 
capture, spatial orienting, and object- based attention. Both types of attention 
have been studied extensively in human infants. In the following sections, we 
outline the neural systems underlying these processes and their developmental 
course in infancy.

The Attentional State

Two neural systems that project from the brain stem or midbrain to cortical 
target areas appear to be critical to the basic state of alertness or readiness 
(Hasselmo, 1995). The grounding of the attentional state to systems originat-
ing in the brain stem is consistent with historical connections drawn between 
attention and phenomena such as the sleep–wake continuum, autonomic func-
tion, and arousal; it is also consistent with the use of vital functions such as 
respiration, heart rate, and pupil dilation as convergent measures of attention 
or attentional load.

NeurAL BASiS

One of the brain stem systems is characterized predominantly by the neurotrans-
mitter norepinephrine (NE). This pathway originates in the locus coeruleus 
and projects to numerous targets in the cortex, limbic system, and cerebellum 
(Chamberlain, Muller, Blackwell, Robbins, & Sahakian, 2006) and appears 
to be fundamentally integral to the generation of the attentional state (Aston-
Jones, Rajkowski, & Cohen, 1999; Chamberlain & Robbins, 2013). A second 
system is characterized by the predominance of acetylcholine (ACh); this system 
projects from brain stem nuclei to target populations of neurons in the frontal 
lobe (Bloem, Poorthuis, & Mansvelder, 2014). Among the functions of this sys-
tem is the coordination or enhancement of coordinated (i.e., synchronous) firing 
across large populations of cells (Grossberg & Versace, 2008; Picciotto, Higley, 
& Mineur, 2012), which may provide the neural basis for many forms of asso-
ciative learning (see below).

DeveLOpMeNT

These ascending systems develop prenatally, but the attentional state appears to 
emerge late in the last trimester and develop quite rapidly during the early post-
natal months. The argument for this is based on three points. First, the appear-
ance of organized sleep–wake states in fetuses and very premature infants is 
fragile (Nijhuis, Prechtl, Martin, & Bots, 1982); for example, extremely pre-
mature infants tend to show nondifferentiated or indistinct behavioral states. 
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Second, the alert state is seen less than 10% of the time in newborns, with sleep 
states predominating during the perinatal period (Peirano, Algarin, & Uauy, 
2003). Finally, the alert state emerges fairly rapidly during the first month, and 
becomes more common between 8 and 12 weeks of age (Colombo & Horowitz, 
1987); this emergence of the alert state is coincident with an increase in visual 
attention seen between birth and 8–10 weeks of age on most laboratory tasks 
that employ visual fixation (Colombo, 2001, 2002).

Selective Processes

While the functions of the ascending NE and ACh pathways from the brain stem 
appear to map roughly onto the appearance of the attentional state, the selective 
processes that are manifest through fundamental components of visual atten-
tion are linked to two systems involving cortical- to- cortical pathways. These 
systems are identified in different ways by different authors (Colombo, 1995; 
Duncan, 1993; Petersen & Posner, 2012; Ruff & Rothbart, 1996), and systems 
are likely not as independent as initially proposed (Milner & Goodale, 2008). 
However, the descriptions of these systems and their functional characteristics 
generally converge, and so the consideration of selective processes in terms of 
the dorsal and ventral attentional streams remain a broadly used means for con-
ceptualizing selective attention for the field of cognitive neuroscience.

NeurAL BASiS

The anatomy of the dorsal and ventral streams has been described elsewhere 
(Breitmeyer, 2014), but is reviewed briefly here. The dorsal stream projects from 
the retinal ganglia to the lateral geniculate nucleus of the thalamus; at the lateral 
geniculate, the dorsal stream is associated with layers of large cells (magnocel-
lular layers) from which it projects to the visual cortex and then to the parietal 
lobe, where it receives input from a second pathway that runs from the retina 
to the superior colliculus of the brain stem. The advantage of this attentional 
system is that it does not require much light to function and that it responds very 
quickly, which makes it very sensitive to motion. However, the system is lim-
ited in that it can only process coarse visual input (e.g., large figures with high 
contrast). As such, the dorsal stream contributes to the perception of movement 
and analysis of the spatial (“where”) aspects of vision. Some models (Posner & 
Petersen, 1990) suggest that the parietal areas are involved in the engagement 
(i.e., “locking in”) and disengagement (i.e., “letting go”) of attention to specific 
spatial locations. Like the dorsal stream, the ventral stream projects from the 
retina to a layer of small cells (parvocellular layers) in the lateral geniculate 
pathway and then to the visual cortex and then ultimately to the temporal lobe. 
The ventral stream responds more slowly than the dorsal stream and requires 
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more light to function, but it is capable of processing the finer detailed features 
of objects within the visual field (“what”), and is adjacent to areas associated 
with memory and visual recognition.

DeveLOpMeNT

In previous reviews (Colombo, 1995, 2001), we have presented evidence that the 
functions associated with these selective streams emerge from approximately 3 
to 10 months of age; although the development of the selective processes con-
tinue well past infancy (Booth et al., 2003), the fundamental components allow-
ing for selective attention are clearly present by the end of the first postnatal 
year. We have posited, however, that the development of infant attention during 
that first year might be best characterized by an understanding of the interac-
tion among these somewhat distinct dorsal versus ventral streams and their 
relative immaturity during that time. Interestingly, although functions associ-
ated with the systems emerge by the end of the first year, they may have slightly 
different developmental courses; development of the ventral pathway may be 
sooner, given that pathways associated with the parvocellular visual system 
appear to develop earlier than those associated with the magnocellular visual 
system (Hickey, 1977; Hickey & Peduzzi, 1987). This pattern of development 
is consistent with observations that very early (or less mature) forms of infant 
attention would be focused on distinct object features/details (a parvocellular/
ventral function), and that the emergence of attentional disengagement (a mag-
nocellular/dorsal function) would be a later- developing phenomenon (Colombo, 
2001, 2002, 2004; Hunnius, Geuze, & van Geert, 2006).

Exogenous and Endogenous Attention

Along with a consideration of two basic forms of attention, the model we pres-
ent here also includes a factor that captures whether the forms are activated 
or evoked through events external to the organism (typically considered to be 
reflexive/involuntary and bottom- up in nature) or by endogenous demands 
(typically considered as voluntary and top-down in nature). Attention may be 
evoked by particular stimulus properties or bodily conditions (Hopfinger & 
Ries, 2005; Klein & Dick, 2002); among the terms used for this include atten-
tional capture (Bacon & Egeth, 1994; Yantis & Hillstrom, 1994) and exog-
enous attention (Fuller & Carrasco, 2006). Alternatively, the organism may 
bring itself to an attentional state or may engage selective processes for goal- 
related or other motivational purposes; this has been called executive attention 
(Kane & Engle, 2002; Posner & DiGirolamo, 1998) or endogenous attention 
(Chong, Tadin, & Blake, 2005; Colombo & Cheatham, 2006). Evidence exists 
to suggest that the same underlying neural structures are activated for both 
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reflexive and controlled or voluntary forms of attention (Corbetta et al., 1998); 
this is consistent with the notion that the two forms of attention are constants, 
regardless of the means by which they are evoked or activated.

Exogenous Attention

As noted above, exogenously driven forms of attention are conceptualized as 
being driven or evoked from the bottom- up, and so are likely to have their ori-
gin in sensory events (stimulus onsets and offsets, or other stimulus parameters) 
that activate attentional processes. In reality, the study of exogenous attention 
constitutes a large part of the early literature on human infant perception and 
cognition, which examined the effect of stimulus parameters such as luminance 
(Berlyne, 1958), contour (Spears, 1966), contour density (McCarvill & Karmel, 
1976), complexity (McCall & Kagan, 1967), spatial frequency (Banks & Gins-
burg, 1985), motion (Dannemiller, 1994), and various definitions of salience 
(Kaldy, Blaser, & Leslie, 2006) as determinants of visual behavior (i.e., orient-
ing). Presumably, such exogenous effects are driven by stimulation from sensory 
systems through which attentional state or selective processes are activated. 
Dannemiller conducted numerous studies of exogenous orienting in infants 
during the late 1990s and 2000s, and developed a series of formal models for 
the phenomenon primarily in 3- to 4-month-old infants (Dannemiller, 1998, 
2000). Most extant models of infant attention posit that exogenous attentional 
processes exist from birth and dominate attentional processes until about 4–6 
postnatal months (Colombo, 2001; Johnson, 1994).

Endogenous Attention

Explication of the top-down regulation that characterizes endogenous atten-
tion, however, has been a topic of particular interest in the last decade. It is 
widely accepted that endogenous functions are regulated through frontal lobe 
structures (Miller & Cohen, 2001; Reynolds & Chelazzi, 2004), and it is likely 
that endogenous attention is a product of the integration of lower-order atten-
tional components with working memory (Kane & Engle, 2002; Kane, Poole, 
Tuholski, & Engle, 2006). Indeed, endogenous control of the dorsal and ventral 
pathways is likely mediated through anatomical links to frontal areas (Colombo 
& Cheatham, 2006), which would allow for these attentional systems to be 
coordinated with other cognitive functions (Chica, Bartolomeo, & Lupianez, 
2013; Tallon- Baudry, 2012). This proposal for the emergence of endogenous 
attention is consistent with more generalized models of the neural bases for 
higher- order cognitive activity (e.g., executive function), in which frontal areas 
serve to integrate input from other areas that mediate more fundamental func-
tions (Banich, 2009; Miller & Cohen, 2001).
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DeveLOpMeNT

Although some accounts contend that attention is purposeful and voluntary even 
in newborns (Haith, 1980), more recent models find evidence for the emergence 
of voluntary attentional processes no earlier than 4 months (Colombo, 2001; 
Johnson, 1994) with robust emergence of coordination between memory and 
attention only after 6 months (Bell & Fox, 1992; Cuevas & Bell, 2011; Diamond, 
1998; Oakes, Kannass, & Shaddy, 2002; Wolfe & Bell, 2007). The development 
of integrative functions that presumably provide the basis for the higher- order 
cognitive abilities seen in executive function (Banich, 2009), the establishment 
of semantic networks (Colombo & Cheatham, 2006), and more endogenous 
regulatory functions (Kraybill & Bell, 2013; Posner & Rothbart, 2000; Rueda, 
Posner, & Rothbart, 2005) likely emerge with maturation of frontal function 
beginning late in the first year and predominate behavioral development into the 
second and third years. This scenario has clear implications for our understand-
ing of the emergence of attentional disorders, as well as for the search for early 
markers for such disorders.

attention in Social and nonsocial Contexts

Earlier in the chapter, we alluded to long- standing controversies over the pres-
ence of multiple channels for attention; in the developmental literatures, this 
debate has been largely manifest in discussions about the presence of separate 
channels for processing information that is social versus nonsocial in nature. 
This debate, particularly within a developmental context, has important impli-
cations for the architecture of cognition and translational efforts in understand-
ing and intervening in areas of developmental disabilities. In the following 
sections, we review the extant literature pertaining to the construct of social 
attention.

Contextual Effects in Early Cognition

The attention processes described above unfold within a multimodal context 
that is both dynamic and complex, with multiple streams of information com-
peting for attentional resources. Traditionally, infant research has almost exclu-
sively considered the nonsocial context in the measurement of various aspects 
of attention regulation, using standard laboratory tasks (e.g., habituation, 
visual preference) that involved static and well- controlled stimuli (e.g., geo-
metric patterns and objects). Within the infant social development literature, 
however, attention has been incorporated as a means through which infants 
process streams of information in dyadic interactions with an engaged partner 
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(e.g., joint attention, social referencing). Consequently, there has been grow-
ing interest in (and use of) the term social attention (e.g., Frank, Vul, & Saxe, 
2012; Freeth, Foulsham, & Kingstone, 2013; Laidlaw, Risko, & Kingstone, 
2012). The presence of this construct leads to the question of whether the social 
context differentially influences the activation of attention processes, and/or 
whether attentional forms may differ in the context of social and nonsocial 
streams of information.

Social Attention

Although the term social attention has appeared with increasing regularity 
in recent years, it is currently used as an umbrella term for a constellation of 
behaviors that involve some form of attention to other people. This ranges from 
attention in the form of social communication activity to more traditional mea-
sures of attention orienting to people. Social attention has primarily emerged 
as a nonspecific reference for social dysfunction in autism spectrum disorder 
(Chawarska, Macari, & Shic, 2012; Dawson et al., 2004), as well as a slightly 
more specific definition of, or synonym for, joint attention (Mundy et al., 2007). 
Though basic developmental research has long considered early attention prefer-
ences (e.g., early preference for viewing face stimuli), only recently has this been 
reframed as social attention (see, e.g., Perra & Gattis, 2010). Presently, there 
is no consensus on how the term social attention should be defined or mea-
sured (although, see Birmingham & Kingstone, 2009; Risko, Laidlaw, Freeth, 
Foulsham, & Kingstone, 2012, for related discussions).

Does the Social Context Really Matter?

Only a limited number of studies yield findings that examine the question of 
whether the (social or nonsocial) context matters for attention regulation— in 
terms of developmental course, individual differences, and/or developmental 
outcomes. Contextual variants of attention regulation are briefly highlighted 
next, as appearing within both the general developmental and clinical litera-
tures.

Attention to People

Early developmental observations have provided considerable evidence for the 
relevance of social information for infants, including the early preference for 
attending to faces and face-like configurations (Johnson, Dziurawiec, Ellis, & 
Morton, 1991), and early emerging skills for processing information from faces 
including sensitivity to eye contact, direction of gaze, and emotional expression 
(Cohn & Tronick, 1983; Farroni, Csibra, Simion, & Johnson, 2002; Farroni, 
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Massaccesi, Pividori, & Johnson, 2004). Studies that have directly considered 
attention in the context of both social and nonsocial information point to devel-
opmental changes in attention to social information during the first few months 
of life and underscore the importance of ecological paradigms.

Most often, infants have been presented with an array of images (usually 
photographs of people and objects displayed together on a single screen) in order 
to record their visual attention (e.g., first fixation, duration of looking, number 
of fixations). Generally speaking, young infants look equally to face and object 
displays early in the first year of life, whereas older infants and adults look more 
to faces, even when faces were not the most salient items in the display in terms 
of contrast and luminance (Di Giorgio, Turati, Altoe, & Simion, 2012; Gluck-
man & Johnson, 2013). This developmental pattern of increased attention to 
social information has been demonstrated for dynamic (i.e., movie) events as 
well (Frank, Vul, & Johnson, 2009).

Another avenue for characterizing contextual influences on attention is 
through the use of habituation paradigms, which reflect attention- processing 
efficiency. Almost without exception, early and recent studies of infant visual 
habituation have used either a nonsocial class of stimuli, such as geometric 
forms or checkerboards (e.g., Shaddy & Colombo, 2004) and objects/non-
social scenes (e.g., Miller, 1972) or a social class of stimuli, such as photo-
graphs of faces (Gaither, Pauker, & Johnson, 2012); studies that have pre-
sented both classes of stimuli are limited by methodological limitations for 
this specific question (Pecheux & Lecuyer, 1983). Thus, while it is possible 
that some babies might differentially acquire information in contexts that may 
be primarily characterized as social or nonsocial (e.g., infants might attend 
more or less efficiently in one context versus another, perhaps because one 
type of information is more reinforcing or salient), this has not been directly 
examined.

Some developmentalists have argued that the majority of behavioral and 
neuroimaging studies to date have examined social attention in the lab by pre-
senting faces in isolation, and thus may have promoted the overestimation of the 
degree to which we look at others’ eyes and the degree to which we look where 
others are looking (Birmingham & Kingstone, 2009; Kingstone, 2009; Risko 
et al., 2012). Indeed, when attention is measured in various real-world settings, 
looking behavior is not straightforward, and likely varies as a function of the 
particulars of the social context. For example, in a live context, adults looked 
less often to another person while sitting in a waiting room, but looked more 
often to another person during a question- and- answer situation; the opposite 
pattern was observed during a videotaped condition (Freeth et al., 2013). Such 
differences are intriguing and further underscore the importance of exploring 
the nuances of individual differences in attention regulation in a real-world con-
text.
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Attention to Social Cues

Beyond looking at people, one particularly important component of adaptive 
social exchange involves attending to the cues of another person (e.g., head 
turns, gaze shifts, points). Early in the first months of life infants begin to share 
eye-to-eye gaze with a parent and within the first year also begin to follow 
a parent’s gaze direction to look toward an object or event. A distinct body 
of research has been devoted to understanding the gaze- following processes, 
including the variety of social cues and combinations of cues that shift attention 
and their developmental course (see Frischen, Bayliss, & Tipper, 2007, for a 
review). It has been well established that adults and children both shift attention 
in response to cues with social relevance (e.g., eyes) and cues that do not have 
obvious inherent social valence, such as arrows (e.g., Senju, Tojo, Dairoku, & 
Hasegawa, 2004). Though it appears reasonable that social cues are unique in 
their attention- directing salience, the extent to which attention is differentially 
cued by socially relevant stimuli remains a matter of debate.

Ultimately, these early gaze- following skills support the emergence of more 
sophisticated attention coordination (joint attention) behavior. Infants begin to 
direct the attention of others for purely social purposes, a behavior that theoret-
ically involves foundational attentional regulation processes (e.g., orienting, dis-
engagement, and shifting in the context of people and objects; Mundy, Sullivan, 
& Mastergeorge, 2009). This triadic coordination of attention with another 
person and another object/event is considered critical for social cognitive and 
language development (see Meindl & Cannella- Malone, 2011, for a review).

The SOCiAL pArTNer

As the critical component of the social context, we contend that the social 
partner may provide unique information that influences the development of 
basic attention skills (i.e., attentional state, orienting, endogenous attention). 
In comparison to nonsocial sources of information, other social agents provide 
access to relevant cues in an interactive context that is contingent and dynamic, 
which in turn may serve to recruit and organize attention. For example, par-
ents provide critical word- learning opportunities by labeling objects that their 
child is attending to during joint attention episodes; and mothers who follow 
their children’s focus of attention have children with larger vocabularies, com-
pared with mothers who redirect their children’s focus of attention (Tomasello 
& Todd, 1983). Other variations in the social context, such as rates of contin-
gent responses between caregivers and infants have been linked to linguistic 
measures (Goldstein & Schwade, 2008). Furthermore, evidence from behavioral 
and neurobiological studies indicates that social experiences during infancy 
have an important and lasting impact on how social– perceptual information 
is processed and may be important for the development of brain networks that 
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are involved in processing social stimuli and language development (Mills & 
Conboy, 2009).

Social Attention in Atypical Development

Thus far we have discussed attention patterns for typically developing individu-
als, but studies of atypical development provide critical insight for understand-
ing contextual influences on attention regulation. Populations with differences 
in attentional processes related to the social context discussed here include 
individuals with autism spectrum disorder (ASD), Williams syndrome (WS), 
attention- deficit/hyperactivity disorder (ADHD), and premature infants.

AuTiSM SpeCTruM DiSOrDer

ASD is diagnosed based on the presence of deficits in social communication and 
the presence of restricted interests/repetitive behaviors. Differences in attention 
to social aspects of the environment include deficits in joint attention, both 
in following the attention cues of others and directing the attention of others 
(Meindl & Cannella- Malone, 2011). The latter, deficits in initiating joint atten-
tion (sometimes used interchangeably with “social attention”) are considered a 
hallmark characteristic of core ASD manifestations in social communication. 
Evidence suggests that early disruption in basic attention regulation may be 
a key contribution to later deficits in joint attention. Notable differences have 
been observed in basic attentional networks (i.e., alerting, orienting, and execu-
tive control networks), including dysregulation in arousal systems, impaired 
novelty processing, slowed attention disengagement and shifting, and deficits 
in executive control on complex tasks (see Keehn, Muller, & Townsend, 2013, 
for a recent review). Differences in visual attention and orienting are perhaps 
the earliest and most consistent symptoms of ASD (Zwaigenbaum et al., 2005). 
These include deficits in orienting to and processing social information, such 
as reduced preference for human speech (Kuhl, Coffey- Corina, Padden, & 
Dawson, 2005), preference for dynamic geometric images over dynamic social 
images (Pierce, Conant, Hazin, Stoner, & Desmond, 2011), atypical face scan-
ning, recognition and attention to faces and eyes in laboratory settings (Cha-
warska & Shic, 2009; Chawarska & Volkmar, 2007; Jones & Klin, 2013), and 
decreased attention toward people versus objects in naturally occurring settings 
(Maestro et al., 2005).

Differences in shifting and disengaging attention are also evident among 
individuals with ASD. For example, infants with ASD most often shift attention 
between an object and another object, in comparison to typically developing and 
developmentally delayed infants who most often shift between an object and a 
person (Swettenham et al., 1998). Furthermore, infants at risk for autism, young 
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children diagnosed with autism, and low- functioning adults with ASD take lon-
ger to disengage from a central target to orient toward a peripheral event (i.e., 
a visual orienting task designed to examine automatic attention shifting), when 
compared with controls (Elsabbagh et al., 2009; Kawakubo, Maekawa, Itoh, 
Hashimoto, & Iwanami, 2004; Landry & Bryson, 2004). Generally speaking, 
such differences in shifting and disengaging attention suggest impairments in 
the development of brain areas involved in the orienting network. In particu-
lar, activities that require the dynamic, reflexive modulation of attention (e.g., 
rapid alerting, orienting, disengaging, and shifting attention; in contrast to 
more effortful sustained attention processes) appear to be more impaired, while 
more effortful attention processes may be more intact (Townsend, Keehn, & 
Westerfield, 2012). In sum, these results provide convincing evidence for core 
differences in attention regulation among individuals with autism.

WiLLiAMS SyNDrOMe

In contrast to ASD, individuals with WS display exaggerated bias toward social 
information. WS is a rare genetic disorder that involves the striking combina-
tion of mild to moderate learning disability alongside relative proficiency in 
language and hypersocial behavior. Individuals with WS display more frequent 
and prolonged fixation to faces (i.e., atypical visual orienting and disengage-
ment) when viewing photographs and movies of social scenes (Riby & Han-
cock, 2008, 2009). During social interaction, individuals with WS are highly 
focused on the other person, often to the exclusion of any coordinated attention 
sharing with respect to objects or events (Laing et al., 2002). In other words, 
although WS may represent the opposite side of the continuum of social interest 
in comparison to ASD, the profile of attention engagement and regulation skill 
nonetheless results in significant functional social impairment.

ATTeNTiON‑DefiCiT/hyperACTiviTy DiSOrDer

ADHD involves deficits in sustained attention and other executive function 
impairments (e.g., deficits in response inhibition, working memory, temporal 
processing). ADHD is diagnosed based on behavioral symptoms of inattention, 
hyperactivity, and impulsivity, but individuals often present with corresponding 
social skill impairments, which may in fact be among the more debilitating con-
sequences when present. Although the majority of spatial cueing studies do not 
indicate orienting deficits in ADHD (Huang- Pollock & Nigg, 2003), one recent 
study has found evidence suggesting the possibility of an attentional impairment 
in responding to socially relevant information. When compared with typically 
developing counterparts who shifted attention in response to both social (eyes) 
and nonsocial (arrows) cues, children and adolescents with ADHD displayed 
orienting responses only to nonsocial stimuli (Marotta et al., 2013).
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preTerM iNfANTS

Similar to other groups with differences in basic attention skills, preterm infants 
also display difficulties in the context of social interaction, as these infants 
are at risk for compromised visual processing and tend to have less optimal 
visual attention abilities (e.g., orienting and sustained attention; van de Weijer- 
Bergsma, Wijnroks, & Jongmans, 2008). During mother– infant interactions 
preterm infants avert gaze more often and for longer periods and make fewer 
social bids to regain attention during a still-face procedure (De Schuymer, De 
Groote, Striano, Stahl, & Roeyers, 2011; Harel, Gordon, Geva, & Feldman, 
2011). Preterm infants who more often averted gaze during a social context 
also displayed less mature attention skills in a nonsocial context, in that they 
were slower to disengage and shift attention in a competition paradigm (De 
Schuymer, De Groote, Desoete, & Roeyers, 2012). Similar to other clinical 
populations, early differences in attention regulation in preterm infants may 
have a downstream impact on the dynamic regulation of attention during social 
exchange with others.

The Social Brain

Within social neuroscience, there has been a growing interest in the specific 
network of brain areas referred to as the “social brain” that may be preferen-
tially involved in processing social information. The social brain is generally 
considered to include the superior temporal sulcus (STS), the fusiform gyrus, the 
amygdala, the prefrontal cortex (PFC), and the mirror neuron system (Johnson, 
2010). This is relevant for atypically developing populations, who may have dis-
ruptions to the social brain network (through combined interactions of experi-
ence and neural development) that result in failures or delays in specialization of 
cortical structures, which in turn produce downstream functional impairments 
in social communication. For example, individuals with autism are hypothe-
sized to have early brain abnormalities (e.g., decreased activity in the fusiform 
face area, underactivity in the STS and amygdala) that disrupt early social atten-
tion and do not allow them to accrue necessary social experiences for real-world 
functional social communication (Shultz, Chawarska, & Volkmar, 2006).

Summary

Overall, there is considerable evidence indicating that social cues may engage 
behavioral and neural mechanisms in a way that is at least distinct from non-
social cues. Although a handful of basic attention studies have considered this 
question, the methodologies used were not intended to tease apart the nature of 
social and nonsocial contextual influences on attention regulation. The major-
ity of behavioral evidence comes from studies of atypical attention in clinical 
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populations. Identifying differences in attentional processes under these contex-
tual variations has the potential to offer a rich source of evidence that is relevant 
for both typical and atypical developmental pathways.

Overall Summary and Future Directions

Our objective in writing this chapter was to summarize the topic of attentional 
development from the viewpoint of behavioral, neural, and social perspectives. 
We have proposed a simplified framework for considering the many varieties 
of attention that may be found in the literature and the probable functions of 
attention within the general scope of cognitive development and learning. We 
briefly reviewed the major neural systems that contribute to attention and its 
development, with references to the emergence of the developmental state, selec-
tive processes, and the coordination of attention with other functions that serve 
higher- order cognitive development in toddlerhood and early childhood. A com-
prehensive understanding of the interplay of these attentional systems will be 
necessary for successful translational efforts in early identification, early inter-
vention, and for the creation of conditions that contribute to optimal develop-
ment. This survey of the development of attention suggests a number of impor-
tant areas for work in the next decade. Clearly, there is more work to be done 
in the basic understanding of the neural bases of attention in human infants; 
as evidenced by even this brief review, the extant models are subject to revi-
sion and correction and can only be regarded as speculative. Certain specific 
topics for inquiry, however, appear to have potential for significant impact in 
the developmental sciences and beyond. The emergence of endogenous function 
late in the first year is seemingly well documented, but a question remains as 
to whether exogenous forms of attention seen earlier in the first year contribute 
to more executive forms of attention. Evidence from older predictive studies 
(Colombo, Shaddy, Richman, Maikranz, & Blaga, 2004) has been suggestive 
of this, but recent data (Cuevas & Bell, 2014) present stronger evidence for this 
case. Another potential avenue for inquiry is whether environmental manipula-
tions of attention (e.g., attention training, exogenous induction of attention) 
that have proven to be fruitful with older children (Tang & Posner, 2009) might 
be relevant to infants, as some data suggest (Wass, Porayska- Pomsta, & John-
son, 2011); such an avenue would have implications for typically developing 
infants and clinical populations (Whalen, Schreibman, & Ingersoll, 2006).

Finally, we addressed the emergent debate over the existence of a specific 
form of social attention; while the definitive critical studies for establishing 
attentional processes that are qualitatively directed toward or affected by social 
targets and contexts are yet to be conducted, the extant evidence suggests that 
this may be a productive path for the future. To advance this line of research, 
it is necessary to shift toward a more precise use of the term social attention, 
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a move that will be possible with systematic examination of the equivalence 
of social stimuli utilized within and across studies, as well as comparison of 
their approximation to real social interaction (Risko et al., 2012). Continued 
work focused on understanding brain areas and neural circuits that are pref-
erentially active while negotiating aspects of the social environment will also 
be a critical area of inquiry, alongside examination of the specific motivational 
value of social stimuli. Articulating the nature of attention to social events has 
the potential to inform early identification and intervention efforts for young 
children with delayed and disordered development.
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Infants are social beings from early on. Soon after birth newborns attend spe-
cifically to other people and start communicating with them through the imi-

tation of facial gestures (Johnson, Dziurawiec, Ellis, & Morton, 1991; Meltzoff 
& Moore, 1977). Within the first weeks, infants develop expectations about 
others’ behavior in turn- taking conversations and become upset when their 
caregiver does not respond to their communicative bids (Tronick, Als, Adam-
son, Wise, & Brazelton, 1978). Abilities relating to perceiving, understanding, 
and interacting with other people are all aspects of social cognition (Striano 
& Reid, 2006). Social cognition allows predicting others’ actions, learning 
from them, and collaborating with them. Thus, it underlies the development of 
human culture, which is inconceivable without cooperation and social learning 
(Csibra & Gergely, 2011; Tomasello, Carpenter, Call, Behne, & Moll, 2005).

One important aspect of social cognition is joint attention. Joint attention 
is the ability to focus attention at something in the environment together with 
someone else while at the same time being aware of sharing attention (Schilbach 
et al., 2010; Striano, Reid, & Hoehl, 2006). As such, it involves monitoring an 
interactive partner’s attention in relation to the self, an external event or object, 
and the interactive partner’s attention toward the same event or object (Striano 
& Stahl, 2005). Joint attention can be achieved either by following another per-
son’s attention focus to something in the environment (i.e., responding to joint 
attention) or by actively directing others’ attention (i.e., initiating joint atten-
tion), though in a natural interaction both partners may take turns in directing 
the other’s attention.

C h a P t e r  6

The Development and Brain 
Mechanisms of Joint Attention

Stefanie hoehl and Tricia Striano



98 PART II. PERCEPTUAL AND COGNITIVE PROCESSES 

Infants’ ability to engage in triadic (person– object– person) joint attention 
interactions is related to later language development (Baldwin, 1995; Brooks & 
Meltzoff, 2005), intention- based imitation, and use of mental state language 
(Kristen, Sodian, Thoermer, & Perst, 2011). Therefore, some researchers have 
suggested that joint attention is one of the building blocks of social cognition 
upon which other complex skills, like understanding others’ mental states, are 
developed (Baron-Cohen, 1994; Barresi & Moore, 1993).

In this chapter we provide an overview on the development of joint atten-
tion in infancy. Starting with a sensitivity for direct eye contact and rudimentary 
gaze cueing in newborns (Farroni, Csibra, Simion, & Johnson, 2002; Farroni, 
Massaccesi, Pividori, & Johnson, 2004), infants become able to use others’ gaze 
direction to cue their own attention toward relevant stimuli in the environment 
within the first few months after birth (Reid & Striano, 2005). By the end of the 
first year, infants also direct others’ attention toward objects and events, thus 
actively initiating episodes of joint attention with others (Tomasello, Carpen-
ter, & Liszkowski, 2007). In addition to outlining joint attention development 
on the behavioral level (see Table 6.1 for an overview), we discuss the neu-
ral correlates of joint attention that are currently studied using neuroimaging 
and electrophysiological techniques. Furthermore, the early functions of joint 
attention during infancy are considered. It becomes evident that a biopsychoso-
cial perspective, incorporating different data sources and levels of analysis, has 

taBLe 6.1. Developmental Onsets of important Joint attention Behaviors

Age Observed joint attention behavior

Neonate •• Detection of eye contact (Farroni, Csibra, Simion, & Johnson, 2002)
•• Rudimentary gaze cueing (Farroni, Massaccesi, Pividori, & Johnson, 2004)

3–4 months •• Gaze following to objects within the infant’s immediate visual field 
(D’Entremont, Hains, & Muir, 1997)

•• Effects of others’ eye gaze and head direction on infants’ object processing 
(Hoehl, Wahl, & Pauen, 2014; Wahl, Michel, Pauen, & Hoehl, 2012)

6 months •• Following of another person’s gaze direction up to the first object in the scan 
path (Butterworth & Jarrett, 1991)

8–9 months •• Following of a person’s head turns even when the person’s eyes are closed 
(Brooks & Meltzoff, 2002)

•• Expectation that eye gaze has a target, that is, it is not directed toward an 
empty location (Csibra & Volein, 2008)

12 months •• Gaze following behind barriers (Moll & Tomasello, 2004)
•• Infants follow a person’s gaze to relatively precise locations within a room 

(Butterworth & Jarrett, 1991) and toward locations behind themselves (Deak, 
Flom, & Pick, 2000)

•• The status of the eyes gains importance for infants’ gaze following (Meltzoff 
& Brooks, 2007; Tomasello, Hare, Lehmann, & Call, 2007)

•• Use of communicative gestures (Carpenter, Nagell, & Tomasello, 1998)
•• Declarative pointing in order to initiate joint attention (Liszkowski, 

Carpenter, Henning, Striano, & Tomasello, 2004)
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deepened our understanding of joint attention development and its functions in 
infancy. Based on recent advances in our understanding of the mechanisms and 
neural correlates of joint attention across development, we point out open ques-
tions and conclude with suggestions for future directions in research.

Detecting another Person’s attention toward Oneself

A basic prerequisite for engaging in joint attention interactions is detecting that 
another person’s attention is focused on oneself. Several behavioral cues can 
indicate this, such as eye contact, calling someone’s name, and acting contin-
gently to the other person’s behavior. Infants are sensitive to all of these cues 
from very early on in development.

Newborn infants look longer at a picture of a woman with open eyes than 
at a picture of the same woman with closed eyes (Batki, Baron-Cohen, Wheel-
wright, Connellan, & Ahluwalia, 2000). This finding was taken as initial evi-
dence that newborns possess an innate neural module that allows them to detect 
the presence of eyes in a stimulus. In a preferential looking experiment with 
pictures presented side by side, 2- to 5-day-old infants preferred to look at a 
woman who directed her eye gaze toward them, thus establishing eye contact, as 
compared with the same woman averting her eyes to the side (Farroni, Csibra, 
Simion, & Johnson, 2002). This shows that newborns detect whether or not eyes 
are present. In addition, it shows that newborns are sensitive to the presence of 
eye contact. Although this early sensitivity is likely based on subcortical brain 
mechanisms and thus not consciously controlled (Johnson, 2005), it may affect 
how infants perceive faces on the cortical level. Gliga and Csibra (2007) sug-
gested that eyes, a very salient high- contrast visual stimulus, may attract new-
borns’ attention to faces, thus feeding information to cortical regions devoted 
to the processing and discrimination of faces leading to increased functional 
specialization of these regions across early development.

Neurophysiological studies with slightly older infants support this view. 
Using event- related potentials (ERPs), Farroni et al. (2002) found that 4-month-
olds respond with an increased amplitude of the occipital N290 component 
to faces with eye contact as compared to faces with side- averted gaze. This 
effect is not simply due to the greater symmetry in faces with eye contact, as 
it is only found when upright faces are presented but not when inverted faces 
are shown (Farroni, Johnson, & Csibra, 2004). The N290 is thought to be a 
developmental precursor of the adult N170, which is involved in structural face 
processing (Hoehl & Peykarjou, 2012). In 3-month-olds the N290 is increased 
for faces compared with matched visual noise stimuli (Halit, Csibra, Volein, & 
Johnson, 2004). It is also greater in amplitude for human as compared with ape 
faces (Halit, de Haan, & Johnson, 2003), and is sensitive to the orientation of 
human faces but not cars (Peykarjou & Hoehl, 2013). Thus, direct eye contact 
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leads to increased cortical face processing by 4 months of age. This fits well 
with the behavioral observation that eye contact during familiarization sup-
ports later face recognition in 4-month-olds (Farroni, Massaccesi, Menon, & 
Johnson, 2007).

Eye contact also modulates infants’ oscillatory brain activity. The electro-
encephalogram (EEG) contains information about how the power or amplitude 
of oscillatory activity at different frequencies varies across time, which can be 
assessed using wavelet analysis (Csibra & Johnson, 2007). For instance, high- 
frequency gamma-band activity (i.e., neuronal activity oscillating at a frequency 
above 20 hertz) has been related to perceptual binding, attentional processes, 
and the matching of sensory signals with memory contents (Saby & Marshall, 
2012). In adults, induced gamma-band activity correlates with hemodynamic 
brain activity as measured by functional magnetic resonance imaging (fMRI; 
Fiebach, Gruber, & Supp, 2005). Therefore, infants’ oscillatory brain activity 
has been related to neuroimaging findings in adults in order to explore whether 
regions of the “social brain” (Adolphs, 2009) are already involved in infants’ 
processing of social signals. A more direct way to do this is to use functional 
near- infrared imaging (fNIRS), which also delivers a measure of the hemody-
namic response but is less costly and easier to apply with infants than fMRI.

Four-month-olds respond with bursts of gamma-band EEG activity over 
right frontal channel sites when viewing static faces with eye contact as com-
pared to the same faces with eye gaze averted to the side (Grossmann, John-
son, Farroni, & Csibra, 2007). Functional neuroimaging work with adults has 
shown that the right medial prefrontal cortex (PFC) is activated when adults 
perceive static faces with eye contact (Kampe, Frith, & Frith, 2003). Grossmann 
et al. (2007) therefore suggest that similar brain regions may be involved in eye 
contact detection in adults and young infants. The medial PFC is particularly 
interesting in this context as it is generally involved in the detection of commu-
nicative signals directed toward the self, independent of sensory modality: This 
brain region is also activated when adult participants hear someone else calling 
their name as compared with hearing another name (Kampe et al., 2003).

Further similarities between infants’ and adults’ brain activations were 
found using dynamic stimuli. Grossmann et al. (2008) observed increased fron-
tal gamma activity in 4-month-olds when perceiving a person who raised his 
eyebrows and smiled while maintaining eye contact, but not when the person 
averted his gaze to the side. Thus, infants were sensitive to the self- relevance 
of communicative signals and did not simply respond to the physical change 
in the stimulus when the person raised his eyebrows and smiled. In the same 
study, fNIRS was applied to assess infants’ hemodynamic responses to the same 
stimuli. Increased brain activation during eye contact as compared with averted 
gaze and baseline was observed in the right frontopolar cortex and right supe-
rior posterior temporal cortex. Correspondingly, dynamic gaze shifts toward 
the observer induced increased activation in posterior superior temporal sulcus 
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in adults (Ethofer, Gschwind, & Vuilleumier, 2011). In addition, Schilbach et 
al. (2006) found that a ventral portion of the medial PFC is involved in adults’ 
analysis of dynamic facial gestures as communicative in contrast to arbitrary 
face movements, whereas a more dorsal region of the medial PFC was sensitive 
to eye contact in the same study.

In adults, the medial PFC responds to multimodal social cues signaling that 
a person addresses the perceiver. In infants, multimodal social signals indicat-
ing communicative intent also elicit analogous brain responses, especially in 
the frontal cortex. For instance, newborns respond with increased frontal brain 
activity as measured with fNIRS to infant- directed speech as compared with 
adult- directed speech (Saito et al., 2007). In 5-month-olds, both seeing faces 
with eye contact as compared with averted gaze and hearing someone call their 
own name as compared with another name elicits hemodynamic responses in 
the frontal cortex (Grossmann, Parise, & Friederici, 2010).

Parise and Csibra (2013) assessed prefrontal gamma-band EEG activity 
and ERPs in response to infant- directed speech and eye contact in 5-month-
old infants. In the first experiment both kinds of communicative signals were 
presented independently from each other. Infants showed increased prefrontal 
gamma activity for self- relevant signals in both modalities, that is, during eye 
contact and infant- directed speech. ERPs revealed increased amplitude of a posi-
tive peak around 300 milliseconds after stimulus onset over central channels for 
self- relevant as compared with non-self- relevant stimuli. In the second experi-
ment of this study multimodal stimuli were presented. The same positive peak 
over central channels was sensitive to the presence or absence of self- relevance in 
these stimuli. Amplitude was smaller for averted gaze paired with adult- directed 
speech as compared with stimuli featuring eye contact or infant- directed speech 
either presented in combination or combined with nonostensive cues from the 
other modality. Interestingly, the effects of self- relevant ostensive signals from 
both modalities were nonadditive. The authors conclude that the presence of an 
ostensive communicative cue triggers obligatory brain processes, which are nei-
ther heightened nor diminished by congruent or incongruent cues from another 
modality. This finding speaks for qualitative instead of quantitative differences 
in processing ostensive versus nonostensive communicative signals indicating 
another person’s attention toward the self. The functional significance of the 
positive ERP component and its specificity for ostensive signals remains to be 
tested in further research. Nonetheless, this study is informative as it demon-
strates that infants are very sensitive to the presence of ostensive signals directed 
at them.

All of the studies reviewed thus far tested infants’ sensitivity to being 
addressed by another person in a dyadic person– person context. As joint 
attention involves two persons sharing attention toward an external entity, an 
interesting question is whether infants are also sensitive to being addressed by 
another person in a triadic person– object– person interaction. In a study by 
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Striano and Stahl (2005) 3-, 6-, and 9-month-olds smiled and gazed more at 
an adult who broke a dyadic interaction to alternate gaze between the infant 
and an object (establishing a triadic interaction) as compared with the adult 
only looking away from the infant toward the object and never back at the 
infant. The experimenter spoke in a positive tone of voice and smiled equally in 
both conditions, so results suggest that infants were sensitive to the presence or 
absence of eye contact in a triadic interaction. In a second experiment, infants 
of the same age groups also detected more subtle manipulations in the adult’s 
interactive behavior. Infants gazed and smiled at the experimenter significantly 
less when she broke eye contact for 1 second each time before turning toward 
an object compared with an uninterrupted triadic interaction. This suggests that 
infants are sensitive to the referential nature of another person’s eye-gaze shifts 
by 3 months of age. The same effect was not observed in 6-week-old infants, 
suggesting that infants’ sensitivity to eye contact in triadic interactions develops 
between 6 weeks and 3 months of age (Striano, Stahl, Cleveland, & Hoehl, 
2007).

Thus far, we conclude that infants are remarkably sensitive to being 
addressed by an interactive partner, both in dyadic and triadic interactions. 
Similar brain activations, particularly in the frontal cortex, are found when 
infants perceive self- relevant communicative cues in different modalities (visual/
auditory) and these activations are similar to brain responses observed in adults 
who are addressed by another person. Monitoring another person’s attention in 
relation to the self is an essential aspect of engaging in joint attention interac-
tions. It is therefore not surprising that this ability develops early in life and that 
certain brain regions are consistently involved in the related mechanisms across 
development. A second important skill is being able to follow someone’s atten-
tion toward an external object or event. This is often accomplished by following 
others’ gaze direction. The next section therefore focuses on infants’ ability to 
follow others’ gaze and the neural correlates of this behavior.

Shifting attention in the Direction of Others’ gaze

Following others’ direction of regard enables us to determine another person’s 
attention focus. Gaze following is useful because it guides our own attention 
toward relevant objects and events in the environment and supports social 
learning and joint attention (see also the next section).

Very young infants’ attention is cued in the direction of others’ eye gaze. 
Farroni, Massaccesi, Pividori, and Johnson (2004) presented 2- to 5-day-old 
infants with schematic faces whose pupils moved from the middle to the left 
or right side of the eye. The centrally presented face then disappeared and an 
object was shown on the left or right side of the screen, its position being either 
congruous with the direction of the previous eye-gaze shift or not. Newborn 
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infants were faster in making saccades toward the peripheral object when the 
eyes of the schematic face had moved in the congruous direction before. Hood, 
Willen, and Driver (1998) reported a similar gaze- cueing effect using realistic 
photographs in infants by 3 months of age.

Farroni, Mansfield, Lai, and Johnson (2003) carried out further experi-
ments with 4-month-olds to test the specificity of this effect. Interestingly, gaze 
cueing was only observed when upright faces were presented. Thus, it is not 
simply the motion of the pupils alone that triggers the effect. Furthermore, a 
period of mutual gaze had to precede the motion of the eyes for gaze- cueing 
effects to occur and the pupil motion had to be visible. This suggests that even 
if gaze cueing in very young infants may rely on rather low-level or automatic 
mechanisms, some prerequisites have to be met that enable gaze cueing in the 
context of a social interaction including eye contact but not otherwise.

The effects reported thus far were observed in artificial experimental setups 
with a face appearing on the screen and disappearing before the target of the 
gaze shift was presented. This is usually done because young infants tend to 
maintain their gaze fixated on the centrally presented face when a peripheral 
target appears (Hood et al., 1998). The target is also presented very close to the 
face, such that rather small saccades are sufficient for infants to turn their focus 
on them. One important question is therefore how overt gaze following in more 
natural social interactions develops.

The first experimental demonstration of infant gaze following was pub-
lished by Scaife and Bruner (1975). The authors found that infants followed an 
adult’s line of regard indicated by eye gaze and head orientation by 2–4 months 
of age and that gaze following occurred more frequently with increasing age 
across the first year. D’Entremont, Hains, and Muir (1997) reported gaze fol-
lowing in infants from 3 months of age when the object was presented within 
the visual field of the infant. At 6 months infants follow others’ line of regard, 
but they may end up looking at the first object appearing in their scan path 
(Butterworth & Jarrett, 1991). Their ability to detect the exact focus of others’ 
attention becomes more precise by 12 months of age (Butterworth & Jarrett, 
1991). At this age infants also follow others’ gaze to locations outside of their 
current field of view. For instance, 12-month-olds turn around if they see some-
one looking at a location behind them (Deak, Flom, & Pick, 2000). At 8 and 12 
months of age infants expect a person’s eye gaze to have a target even if it is not 
visible to them: They look longer when an occluder is removed from the loca-
tion a person had previously gazed at revealing an empty location as opposed 
to an object (Csibra & Volein, 2008). By 12 months they also locomote to look 
behind a barrier after observing an adult looking behind it (Moll & Tomasello, 
2004).

Thus, infants’ gaze following becomes more precise and more flexible 
across the first year. During this time changes also occur with respect to whose 
gaze infants preferably follow. A longitudinal study using eye tracking showed 
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that a “stranger preference” in terms of following gaze shifts to objects occurs 
between 4 and 6 months of age (Gredebäck, Fikke, & Melinder, 2010). The 
authors found that infants more frequently followed their mother’s than a 
stranger’s gaze toward an object at 2 months of age. Older infants, however, 
increasingly followed a stranger’s gaze direction. Consistent with this finding, 
infants at 7 and 9 months of age coordinate attention toward a toy more fre-
quently with a stranger compared with their mother in a free-play situation 
(Striano & Bertin, 2005). It is currently unclear why infants become more inter-
ested in what strangers look at than their caregivers by 4–6 months of age. It is 
possible that they are more wary of strangers and therefore track more carefully 
what they are looking at.

Though infants readily and frequently follow others’ line of regard by the 
end of the first year, it has been a matter of debate to what extent, if at all, 
infants at this age rely on information from the eyes instead of head orientation 
alone in these studies. For instance, Corkum and Moore (1995) reported that 
12-month-olds follow someone’s head turn to the side even if the person main-
tains eye contact with them. In a later experiment the authors found that only 
18-month-olds, but not younger infants, followed an experimenter’s isolated 
eye movements (Moore & Corkum, 1998). A more recent study showed that 
eye gaze influences 12-month-olds’ attention allocation to the ceiling more than 
head orientation (Tomasello, Hare, Lehmann, & Call, 2007). Correspondingly, 
Meltzoff and Brooks (2007) reported that 10- to 11-month-olds follow some-
one’s head turn to the side when the person’s eyes are open, but refrain from 
doing so when his or her eyes are closed, indicating an understanding of “look-
ing” as involving open eyes. However, younger infants in these experiments 
followed head turns even when the experimenter’s eyes were closed (Meltzoff & 
Brooks, 2007). Thus, although the age at which the status of the eyes becomes 
relevant for infants’ following of others’ attention focus varies in different stud-
ies between 10 and 18 months, it is quite unequivocal that younger infants are 
more affected by head direction and hardly seem to take into account the eyes 
at all.

These findings from live gaze following studies seem to contradict the 
above- mentioned effects of eye-gaze cues on spatial attention allocation very 
early in development. Moore and Corkum (1998) have therefore argued that 
early attention cueing through eye gaze may not depend on awareness of the 
other person’s attention focus and should be distinguished from more deliber-
ate gaze following and joint attention in older infants. If these processes can be 
distinguished developmentally, different neural structures may be involved in 
reflexive gaze cueing and more controlled joint attention processes.

In adults the perception of averted eye gaze activates the intraparietal sulcus 
(IPS; Hoffman & Haxby, 2000). The IPS is also involved in visual- orienting 
tasks and is part of the frontoparietal spatial attention network (Corbetta, 
1998). Fitting the notion that gaze cues recruit more general spatial attention 
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mechanisms, reflexive gaze shifts induced by task- irrelevant eye-gaze cues have 
been associated with activation in this frontoparietal network, in particular the 
frontal eye field, IPS, and posterior parietal cortex (Cazzato, Macaluso, Cro-
stella, & Aglioti, 2012). In infants the neural correlates of reflexive gaze shifts 
are less well researched. However, Grossmann et al. (2007) reported bursts of 
oscillatory gamma EEG activity over the right parietal regions in response to 
averted eye gaze in 4-month-olds, suggesting that similar attention mechanisms 
may be involved in young infants’ gaze perception. Involvement of IPS during 
reflexive gaze cueing does not imply that it is insensitive to the social context 
of gaze shifts, though. In adults, this region, along with the superior tempo-
ral sulus, is also sensitive to whether a perceived gaze shift to the side is goal 
directed or not (Mosconi, Mack, McCarthy, & Pelphrey, 2005; Pelphrey, Sing-
erman, Allison, & McCarthy, 2003).

Neural correlates of deliberate joint attention interactions have been inves-
tigated in adults using virtual characters who contingently responded to par-
ticipants’ gaze behavior (Schilbach et al., 2010). Consciously following another 
person’s eye gaze recruits the anterior portion of the medial PFC (Schilbach et 
al., 2010), which is also implicated in the detection of communicative signals 
directed toward the self (Schilbach et al., 2006).

Using fNIRS and videos of virtual characters, Grossmann and Johnson 
(2010) observed activation in the left dorsal PFC when 5-month-old infants 
observed a character turn his head to look at an object following a period of 
mutual gaze as opposed to the character looking toward empty space or turning 
toward the object without establishing eye contact first. The same region was 
active when 5-month-olds saw a virtual character looking toward an object they 
had turned their own gaze toward before (Grossmann, Lloyd-Fox, & Johnson, 
2013). These findings suggest that young infants recruit similar brain areas in 
the PFC in joint attention interactions as those observed in adults.

Overall, neuroimaging findings suggest that different brain regions underlie 
reflexive gaze cueing and deliberate gaze following and joint attention. Whereas 
gaze cueing relies on the frontoparietal attention network including IPS, con-
scious gaze following and joint attention induce activation in the medial PFC 
in adults. Since both cortical regions are implicated in eye-gaze processing and 
joint attention already from early on in infancy, their involvement in the devel-
opmental trajectory from early attention cueing to a later emerging understand-
ing of “looking” as involving the eyes is not yet clear. Mundy, Card, and Fox 
(2000) suggested that infants’ early gaze- cueing and gaze- following skills (i.e., 
their ability to respond to joint attention) rely on a posterior orienting atten-
tion system including the parietal cortex as postulated by Posner and Petersen 
(1990). According to Mundy et al. (2000), infants’ somewhat later- developing 
ability to initiate joint attention (see section below) is associated with the later- 
maturing anterior attention regulation network, whose functions include the 
capacity to share attention across tasks or foci and the regulation of voluntary 
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orienting (Posner & Petersen, 1990). Further research on the neural correlates 
of early gaze- cueing effects— as well as more studies on brain mechanisms 
involved in joint attention and the processing of eye gaze and head orientation 
in older infants— are warranted in order to specify the roles these brain regions 
and networks play in the development of different aspects of joint attention 
across infancy.

Another important question is whether infants are able to encode the rela-
tionship between a person and the target of his or her gaze. ERP research has 
shown that infants discriminate object- directed from object- averted gaze by 4 
months of age (Hoehl, Reid, Mooney, & Striano, 2008; Senju, Johnson, & Csi-
bra, 2006). However, infants associate a person with the particular target of his 
or her gaze only later in development. In a study by Woodward (2003) 7-, 9-, 
and 12-month-olds readily followed an actor’s gaze toward one of two objects. 
Infants were habituated to the actor always directing her gaze at the same 
object. In the test trials the object locations were switched and the adult looked 
either at the same location now featuring the other object or turned toward the 
other location where the old object was now located. Only 12-month-olds, but 
not younger infants, looked longer in test trials in which the adult looked at the 
new object compared with the new location, suggesting that they detected that 
the target of the actor’s gaze had changed. Younger infants only detected this 
change when the actor’s gaze was accompanied by a grasp. However, as shown 
by Johnson, Ok, and Luo (2007), 9-month-olds are also able to encode the 
relationship between a looker and the particular target of her gaze when given 
multiple cues emphasizing that the model is looking at the object from several 
angles.

The finding by Johnson et al. (2007) demonstrates that infants’ performance 
in live gaze- following tasks depends on the richness of social cues provided to 
them. Furthermore, infants’ responding to social cues depends on whether they 
are directly addressed by the other person. As outlined in the previous section 
of this chapter, infants are sensitive to ostensive cues signaling communicative 
intent directed at them from early on in development. The presence of these cues 
increases their responding to joint attention bids as shown by Senju and Csibra 
(2008). In this study an actor was presented turning his gaze toward one of two 
objects on a table in front of him. Six-month-olds’ gaze following toward the 
cued object was increased when the person had established eye contact before 
shifting attention toward the object. In another condition without eye contact 
a similar effect was found for infant- directed speech as compared with adult- 
directed speech.

Interestingly, the presence of certain ostensive social cues seems to induce 
“gaze” following even in the absence of an actual human person. Johnson, 
Slaughter, and Carey (1998) presented 12-month-olds with a soft, brown, amor-
phously shaped, asymmetrical object shifting its orientation toward one of two 
targets. Infants followed the object’s orientation with their gaze if it had facial 
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features and/or if it had acted contingently to their own behavior previously. 
Using eye tracking, Deligianni, Senju, Gergely, and Csibra (2011) also found 
that 8-month-olds follow the orientation of teapot- shaped objects after these 
had responded contingently to the infants’ looking behavior, supporting the role 
of temporal contingency in inducing gaze following in infants.

Very early in development infants detect temporal contingencies between 
their own actions and events in the environment (Gergely, 2000). Gergely 
(2000) suggested that the preference of (imperfect) contingencies by 3 months of 
age may attune infants to increasingly explore the “social world” and to detect 
social agents. Around the same age infants smile more in a contingent interac-
tion with their mother as compared with a noncontingent or imitative interac-
tion (Striano, Henning, & Stahl, 2005). Contingent behavior may indicate the 
presence of a social agent with attentional and perceptual abilities and commu-
nicative intentions, leading infants to follow the orientation of a contingently 
behaving object even in the absence of facial features and eyes (Deligianni et al., 
2011; Johnson et al., 1998).

In sum, eye-gaze cues bias infants’ attention toward peripheral targets from 
birth on. This ability does not, however, imply a conscious understanding of 
eyes as being necessary for seeing. Infants at 8 and 12 months readily follow 
a communicative agent’s orientation in the absence of eyes and they follow an 
adult’s head orientation even when his or her eyes are closed until 10–11 months 
of age. Although these early gaze- cueing and “gaze”-following effects could 
rely on rather automatic mechanisms involving the frontoparietal attention net-
work, they require the presence of an agent addressing the infant directly, either 
by making eye contact with the infant, speaking in infant- directed speech, 
or responding contingently to the infant’s behavior. Thus, they do not occur 
irrespective of the social context and may already have a function in guiding 
infants’ attention toward socially relevant information in the environment. In 
the following section we therefore focus on the early functions of gaze cueing 
and gaze following.

early Functions of gaze Following:  
effects on infants’ Object Processing

A newborn infant encounters a tremendous amount of visual input and is faced 
with the task of making sense and structuring these novel perceptual experi-
ences. One of the most frequently encountered visual stimuli for infants is the 
human face. Newborns prefer to look at faces compared with other similarly 
complex visual patterns (Johnson et al., 1991) and they are influenced in their 
attention allocation to stimuli in the environment by facial cues such as eye gaze 
(Farroni, Massaccesi, et al., 2004). These findings led to the suggestion that eye 
gaze may help infants to discern socially relevant visual input from early on in 
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development, thus helping them to structure their visual environment (Hoehl et 
al., 2009; Reid & Striano, 2007). Thereby, the perceptual input is parsed into 
manageable components and social information is highlighted.

Supporting this view, a number of studies have demonstrated that social 
cues, especially eye gaze, affect the processing of unfamiliar objects in early 
infancy. Reid and Striano (2005) presented 4-month-olds with a central face 
shifting eye gaze to the left or right. Two objects were shown next to either 
side of the face. Then the face disappeared and both objects were presented 
again in a visual preference task either at the same location as previously or 
with switched locations. Infants looked significantly longer at objects that had 
not been cued by the adult’s eye gaze before, irrespective of location. This sug-
gests that the cued objects were more thoroughly encoded and therefore more 
familiar to the infants. Noncued objects presumably appeared more novel and 
therefore more interesting to the infants. Infants’ ERPs revealed increased neu-
ral processing of noncued objects in the same age group, thus also suggest-
ing facilitated processing of cued objects (Reid, Striano, Kaufman, & Johnson, 
2004). In an eye- tracking study with 12-month-olds a similar effect was found, 
although restricted to the first of two test trials indicating that older infants are 
able to quickly catch up on processing the previously neglected noncued object 
resulting in only a brief visual preference effect (Theuring, Gredebäck, & Hauf, 
2007).

A series of experiments has investigated this effect further using the same 
general paradigm with 4-month-old infants. One study found that the effect is 
modulated by familiarity of the face (Hoehl, Wahl, Michel, & Striano, 2012). In 
this ERP study only the caregiver’s face, and not a stranger’s, elicited increased 
neural responses for noncued as compared with cued objects in 4-month-olds. 
Consistent with the finding that very young infants more often follow their 
mother’s gaze than a stranger’s (Gredebäck et al., 2010), these results suggest 
that 4-month-olds’ object processing is more affected by their caregiver’s gaze 
cues as compared with an unfamiliar person’s. An open question is whether this 
is due to the perceptual familiarity of the caregiver’s face or the relationship the 
infant has already formed with this person.

Wahl, Michel, Pauen, and Hoehl (2012) reported longer looking times and 
increased ERP responses for noncued as compared with cued objects when the 
actor’s gaze shift was accompanied by a congruous head turn. Importantly, no 
effect on the behavioral level and only a marginally significant effect on the neu-
ral level were found when a car turned toward the left or right side, thus cueing 
one of the objects with a similar motion as the head turn. This finding demon-
strates that the effect of social cues on infants’ processing of novel objects is not 
simply due to attention biases caused by movement cues in general. As in the 
above- reviewed gaze- cueing studies with infants at the same age, a social agent 
and ostensive cues signaling communicative intent (in this case, eye contact) 
seem to be required. In addition, just as the effects of eye-gaze cues on infants’ 
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spatial attention, the effects of social cues on object processing in early infancy 
do not rely on a conscious understanding of eyes as being necessary for see-
ing. Hoehl, Wahl, and Pauen (2014) found longer looking times and increased 
ERP responses for noncued versus cued objects both when isolated eye-gaze 
cues were used and when only the actor’s head turned to the side with the eyes 
looking straight ahead toward the infant. Given the similarity of experimental 
setups and stimuli used in gaze- cueing studies and studies on object processing, 
the parallels regarding the results are not surprising. However, social cues affect 
infants’ object processing also in more ecologically valid live social interaction 
paradigms.

In a series of studies, Cleveland and colleagues (Cleveland, Schug, & Stri-
ano, 2007; Cleveland & Striano, 2007) had an adult engage with infants of 
different age groups in a live triadic interaction involving a toy object. In a joint 
attention condition the adult engaged with the infants by establishing eye con-
tact, smiling, and talking in infant- directed speech. Then she turned her head 
and gaze toward an object on a table in front of her and continued talking in a 
positive tone of voice. During familiarization the adult alternated gaze between 
the infant and the toy. In a nonjoint attention condition the adult alternated gaze 
between the object on the table and a spot at the ceiling but never looked at the 
infant while also talking in a positive voice. After this familiarization with the 
object, a visual preference task was conducted using the familiarized object and 
a novel object that the infants had not previously seen. Seven- and 9-month-olds 
showed a clear novelty preference only when they were familiarized with the 
“old” objects in a joint attention interaction. A nonsignificant tendency in the 
same direction was found in 5-month-olds but not in 4-month-olds. This sug-
gests that the above- reviewed eye- tracking and ERP paradigms may be some-
what more sensitive in detecting effects of social cues on young infants’ object 
processing than live studies. This may be due to the fact that live social inter-
actions are much more complex. However, by 7 months of age infants show a 
clear advantage in encoding information about a novel object in a joint attention 
interaction as compared with a situation where an adult does not engage with 
them directly.

A promising methodological approach is combining live social interactions 
with neurophysiological measures that can inform us about cognitive processes 
above and beyond looking times. Several studies have used ERPs to measure 
the effects of live joint attention interactions on infants’ object processing and 
learning. Striano et al. (2006) showed that 9-month-olds’ attention toward a 
novel object is increased by an adult looking at the object together with the 
infant following a period of eye contact, thus establishing joint attention. When 
the adult only looked at the object without engaging with the participant first, 
infants’ brain response indicating the amount of attention directed at the object 
(the negative central [Nc] component) was significantly smaller (see Parise, Reid, 
Stets, & Striano, 2008, for a similar effect in 5-month-olds). This suggests that 
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9-month-olds’ processing of objects is affected by eye contact in a live joint 
attention interaction. This may account for better subsequent memory perfor-
mance for objects encountered within a triadic joint attention interaction as 
demonstrated by Cleveland and Striano (2007). This notion is supported by the 
finding that joint attention during a learning episode affects 9-month-olds’ sub-
sequent ERP responses to objects in immediate and delayed recognition tasks 
(Kopp & Lindenberger, 2011). Furthermore, facilitating effects of joint atten-
tion on word learning were found in 18- to 21-month-old infants (Hirotani, 
Stets, Striano, & Friederici, 2009).

As demonstrated by the above- reviewed studies, ERPs are useful for study-
ing effects of social interactions on information processing in infants. However, 
ERPs provide only limited information on brain processes that are not phase 
locked to the temporal onset of a stimulus. Therefore, induced oscillations are 
used in addition to ERPs to study object processing (Csibra, Davis, Spratling, & 
Johnson, 2000; Saby & Marshall, 2012; Southgate, Csibra, Kaufman, & John-
son, 2008). One frequency band that is especially relevant in the context of joint 
attention interactions is the alpha range. Desynchronization or suppression of 
oscillatory brain activity in the alpha frequency range (8–13 hertz in adults, 6–9 
hertz in infants) has typically been interpreted as reflecting cortical excitation 
(Pfurtscheller, 2003). In contrast, high- amplitude alpha-band power—that is, 
synchronization— is considered to reflect an idling state (Pfurtscheller, Stancak, 
& Neuper, 1996; Scheeringa, Petersson, Kleinschmidt, Jensen, & Bastiaansen, 
2012), or inhibition of activity in areas not involved in the present task (Neuper 
& Pfurtscheller, 2001).

In an EEG study on joint attention in adults, desynchronization of signal 
power in the alpha range was found when two participants looked at the same 
object simultaneously following a short period of eye contact compared with 
both participants looking at different objects (Lachat, Hugueville, Lemarechal, 
Conty, & George, 2012). On posterior electrodes this effect was interpreted as 
indicating higher arousal during joint attention resulting from mutual awareness 
of a common attention focus. The effect extended to central channels where it 
was interpreted as a mu response originating from the motor system. The mu 
rhythm is an alpha range response typically recorded over central electrodes, 
which is suppressed during performing an action as well as during observa-
tion of another person’s actions in adults and in infants (Marshall & Meltzoff, 
2011). It is therefore often interpreted as a neural correlate of the link between 
action perception and action production in the brain (Muthukumaraswamy & 
Johnson, 2004). Mu suppression during action observation is thought to reflect 
motor resonance, which supports the coordination of two persons’ actions 
(Sebanz, Bekkering, & Knoblich, 2006) and imitation (Meltzoff & Decety, 
2003). Lachat and colleagues (2012) reasoned that mu desynchronization dur-
ing joint attention may reflect an attention “mirroring” process during which 
one’s own and another person’s attention focus are coordinated.
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A similar alpha suppression effect as in adults was recently observed in 
9-month-olds (Hoehl, Michel, Reid, Parise, & Striano, 2014). Analyses were 
conducted on infants’ brain responses when looking at an object together with 
an adult during a live interaction. Infants responded with desynchronization of 
alpha-band activity only when the adult had engaged in eye contact with them 
prior to turning to the object, but not when the adult only looked at the object 
without engaging with the infant first. This result is in line with the previous 
finding of an increased Nc ERP response for objects perceived together with an 
adult following a period of eye contact (Striano et al., 2006). Amplitude of the 
Nc is thought to reflect the amount of attention directed at a visual stimulus 
and is related to autonomic arousal (Reynolds & Richards, 2005). In contrast 
to the Nc, however, event- related desynchronization of alpha-band activity is 
not considered an obligatory response to a stimulus (Klimesch, 2012). No alpha 
synchronization or desynchronization effect was observed in the no eye con-
tact condition, whereas an Nc deflection was found in both conditions in the 
ERP analyses. Alpha desynchronization may thus more specifically tap into the 
neural processes underlying triadic social interaction and mutual awareness of 
a joint attention focus. Further studies are required, however, to examine the 
exact functional role of this response in encoding information during a joint 
attention interaction.

initiating Joint attention as a Rewarding experience

Thus far this chapter has focused on infants’ responding to joint attention bids 
from others. By the end of the first year infants are also able to initiate triadic 
joint attention interactions. Important indicators of this ability are pointing ges-
tures that can be observed by 11 to 12 months of age (Carpenter, Nagell, & 
Tomasello, 1998).

An important distinction has been made between imperative pointing and 
declarative pointing (Liszkowski, Carpenter, Henning, Striano, & Tomasello, 
2004; Tomasello, Carpenter, & Liszkowski, 2007). One example for imperative 
pointing is gesturing at an object as a request for an adult to hand the object to 
the infant. This requires a basic understanding that others are causal agents who 
can be “used” by the infant to achieve some desired goal. Declarative point-
ing is, in contrast to imperative pointing, not observed in nonhuman primates 
(Call & Tomasello, 1996). Declarative pointing is motivated by a desire to share 
attention toward an external object or event with another person. This requires 
the ability to understand others as social interactive partners with attentional 
and perceptual abilities and with whom experiences can be shared. It has been 
questioned, though, whether 12-month-olds’ pointing stems from a motivation 
to share an experience with another person or merely from a desire to elicit an 
emotional reaction from the adult toward themselves (Moore & Corkum, 1994).
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Liszkowski et al. (2004) therefore examined the motivations behind 
12-month-olds’ pointing gestures experimentally. Infants in this study inter-
acted with an adult experimenter. During test trials an interesting event occurred 
somewhere in the room (a stuffed toy animal appeared from behind a curtain), 
prompting infants to point toward it. The adult reacted to infants’ pointing 
either by sharing attention and interest by alternating gaze between the infant 
and the event while speaking in a positive tone of voice, or by attending only to 
the event, only to the infant, or by ignoring both the infant and the event. When 
the adult reacted to the infant’s pointing by sharing attention, infants pointed 
in a greater proportion of test trials and tended to point for longer periods of 
time than in the other conditions, suggesting that they enjoyed the experience. 
When the adult attended only to the infant or to the event, infants pointed 
more frequently within each test trial, presumably in an attempt to engage the 
adult in a joint attention interaction involving attention toward both the infant 
and the event. Furthermore, when an adult misinterprets infants’ pointing by 
attending to a different nearby referent, 12-month-olds repeat their pointing in 
order to redirect the adult’s attention focus and establish joint attention even 
if the adult responded enthusiastically to the first wrong referent (Liszkowski, 
Carpenter, & Tomasello, 2007). In contrast, when the adult attended to the cor-
rect referent, but expressed indifference, infants pointed significantly less within 
and across trials. This pattern of results speaks against the notion that infants’ 
pointing is primarily motivated by a desire to induce an emotional reaction 
toward themselves and supports the idea that infants point to share an experi-
ence with another person.

The idea that sharing attention with someone is inherently rewarding is 
supported by neuroimaging work with adults. Schilbach et al. (2010) had par-
ticipants interact with virtual characters that responded contingently to the par-
ticipants’ gaze behavior. When participants perceived a virtual character fol-
lowing their own gaze toward a target after a period of eye contact, activations 
were observed in the striatum, which is part of the reward network in the brain.

It is currently unclear to what extent the neural reward system is involved in 
infants’ initiation of joint attention. This is because electrophysiological (EEG) 
and neuroimaging (fNIRS) methods that are most commonly used with infant 
participants do not inform us about activations of subcortical structures, such 
as the brain structures involved in representing rewards (Schilbach et al., 2010). 
However, distinct neural correlates of responding to joint attention bids by oth-
ers and actively initiating joint attention have been identified in infants using 
EEG. Mundy et al. (2000) found that a pattern of left parietal activation and 
right parietal deactivation at 14 months correlates with the ability to respond to 
joint attention at 14 and 18 months. In the same study, left frontal and central 
baseline EEG activity at 14 months predicted infants’ initiating of joint atten-
tion in a live social interaction at 18 months of age. Since left frontal activation 
has been associated with approach behavior, sensitivity to rewards, and social 
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orientation in infancy (Davidson & Fox, 1982; Fox, 1991), this observation 
fits with the notion that brain areas implicated in motivational processes and 
sensitivity to rewards are also involved in infants’ initiating of joint attention.

Conclusions and Future Directions

In the present chapter we have reviewed joint attention development from a 
biopsychosocial perspective considering behavioral, electrophysiological, and 
brain- imaging research. We have distinguished separate aspects of joint atten-
tion beginning with the ability to detect when another person’s attention is 
directed at the self through ostensive, communicative signals. Infants’ early sen-
sitivity to these signals is well documented. For instance, newborns prefer to 
look at a face with eye contact as compared to a face with averted gaze (Farroni 
et al., 2002). By 3 months of age infants are sensitive to interruptions of eye con-
tact in triadic interactions involving another person and an object (Striano & 
Stahl, 2005). Furthermore, young infants are sensitive to infant- directed speech 
(Saito et al., 2007), being called by their name (Mandel, Jusczyk, & Pisoni, 
1995), and they detect when an interactive partner acts contingently to their 
own behavior (Striano et al., 2005). Interestingly, the self- relevance of different 
communicative signals seems to be processed in the medial PFC, independent of 
sensory modality (i.e., visual or auditory), as suggested by neuroimaging work 
in adults (e.g., Kampe et al., 2003) and in infants (Grossmann et al., 2010; 
Parise & Csibra, 2013).

The ability to detect communicative signals directed toward the self may 
thus be the foundation upon which other joint attention skills, such as follow-
ing and actively directing others’ attention, are developed. In fact, the presence 
of self- relevant communicative signals prompts infants to follow an agent’s eye 
gaze or body orientation with their own gaze. This enhancing effect on infants’ 
gaze following was demonstrated for eye contact and infant- directed speech 
when a human model was shown (Senju & Csibra, 2008), as well as for contin-
gent behavior with nonhuman agents lacking visual features and eyes (Deligi-
anni et al., 2011; Johnson et al., 1998).

In addition, eye contact during a triadic live interaction affects infants’ neu-
ral processing of novel objects (Hoehl, Michel, Reid, Parise, & Striano, 2014; 
Striano et al., 2006), as well as their later object recognition (Cleveland et al., 
2007; Cleveland & Striano, 2007; Kopp & Lindenberger, 2011) and word learn-
ing (Hirotani et al., 2009). Although infants are sensitive to different kinds of 
communicative signals from early on, the effects of signals other than eye contact 
on infant learning have been less thoroughly studied to this point. Since simi-
lar brain responses are elicited when infants are addressed directly by another 
person through different modalities, it is conceivable that communicative cues 
like infant- directed speech, contingent behavior, and calling the infant’s name 
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affect infants’ object processing and learning as well. Preliminary evidence that 
this may be the case comes from an ERP study that found that 5-month-olds 
respond with increased attention to objects when at the same time hearing their 
own name as compared with another name (Parise, Friederici, & Striano, 2010). 
One important direction of future research will thus be to determine whether 
learning about objects is similarly affected by different kinds of communicative 
signals. Furthermore, infants’ and children’s learning of other, more complex 
kinds of information depending on joint attention and communicative signals 
directed at the self will be an issue for further research. For instance, on the 
behavioral level it was shown that 18-month-old infants learn differently about 
the valence of an unfamiliar object when someone expresses an emotion toward 
the object in a communicative context in which they are directly addressed as 
compared with a noncommunicative context (Egyed, Király, & Gergely, 2013). 
In addition, 14-month-olds tend to imitate relatively inefficient arbitrary means 
actions more when these are demonstrated by a communicative model as com-
pared with a model who does not address them directly (Gergely, Bekkering, & 
Király, 2002; Király, Csibra, & Gergely, 2013). It will be an interesting topic 
for future research to determine whether similar brain processes are involved 
in social learning of these kinds of information in joint attention interactions as 
opposed to incidental observations of another person’s actions.

One avenue for future research will also be to investigate the roles of distinct 
neural substrates involved in aspects of joint attention: detecting self- relevant 
communicative signals that indicate another person’s attention has been asso-
ciated with activation of the medial PFC (Kampe et al., 2003). The ability to 
respond to joint attention by following others’ attention focus should be further 
divided into relatively automatic or reflexive gaze cueing on the one hand, and 
deliberate gaze following depending on the status of another person’s eyes on 
the other hand. Reflexive gaze cueing seems to rely on the frontoparietal spatial 
attention network including IPS in adults (Cazzato et al., 2012) and possibly 
also in infants (Grossmann et al., 2007), whereas deliberate gaze following in 
joint attention interactions induces activation in the medial PFC (Schilbach et 
al., 2010). In the same study activations in a structure belonging to the reward 
system in the brain, the striatum, were observed when participants perceived 
someone else following their own gaze (Schilbach et al., 2010). Although exist-
ing evidence suggests that infants experience initiating joint attention interac-
tions as rewarding (Liszkowski et al., 2004; Mundy et al., 2000), research on 
the involvement of the reward and motivation network of the brain during joint 
attention interactions in infants is still lacking.

Finally, researchers may consider examining the role of joint attention in 
sensory modalities other than the visual domain. Joint attention interactions are 
rich multimodal experiences that may, for instance, involve listening to some-
thing or someone together. What are the effects of self- relevant communicative 
signals such as eye contact in these contexts? How is attending jointly to a 
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sound, a taste, or a somatosensory sensation initiated? Is learning in the audi-
tory or somatosensory domain affected by sharing attention to an auditory or 
tactile percept? All of these questions bear relevance for a deeper understanding 
of joint attention in infants’ day-to-day social interactions and learning experi-
ences but have yet received very little attention by researchers.

In recent years joint attention has become a hot topic in cognitive neuro-
science and development research. As evidenced by the vast body of research 
reviewed in this chapter, we have learned much about the early development 
and functions, as well as the neural correlates of joint attention. Still, there are 
many open questions, especially when considering joint attention as a multi-
modal experience taking place in complex environments full of rich and mul-
tifaceted sensory experiences. In future studies researchers should continue to 
combine the advantages of ecologically valid live interactions with controlled 
experimental procedures and neurobehavioral measures as a challenging but 
promising approach to study the impact of joint attention on infants’ social 
cognitive development and learning.
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The ability to recall the past is fundamental to mental life. It allows us to 
remember discrete events and experiences, both the mundane (e.g., where 

the car is parked at the grocery store) and the significant (e.g., graduations, 
weddings, and births). The capacity also contributes to developments outside of 
memory, including those that support social interaction and learning from oth-
ers. To state the obvious, for infants, memory is crucial to tasks as fundamental 
as recognizing the faces of one’s caregivers and learning to interpret the vocal-
izations they make in the course of interactions (otherwise known as language). 
Perhaps less obvious is the role of memory in learning about the world from 
others. It is by watching others and remembering how they behave that infants 
learn—and remember— what to approach in the world around them and con-
versely, what to avoid. Memory is thus crucial not only for keeping track of the 
location of the car but also for understanding how to navigate a world inhabited 
by others of the same species.

Historically, assessing the emergence and early development of the foun-
dational ability to recall the past posed significant challenges because of the 
response limitations of infants— they are unable to engage in the memory para-
digm of choice, namely, verbal report. In part for this reason, until the mid-
dle 1980s, it was widely believed that the ability to recall the past was late to 
emerge. Development in the middle 1980s of a nonverbal test of recall, coupled 
with an expanding body of information about the development of the neural 
substrate responsible for recall, led to revision of the assumption of a mne-
monically incompetent infant. In this chapter we review the neural foundations 
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of memory and its development, and illustrate links between neural develop-
ments and changes in memory behavior throughout infancy. We then discuss 
the implications of changes in memory ability for learning from others in social 
situations. We begin with the important “social” task of ensuring shared ref-
erence regarding the particular type of memory under consideration, namely, 
declarative memory.

“Memory”: a Singular noun but a Plural Construct

To fully understand how memory develops in infancy— and thus how it might 
relate to social learning and memory— one must first determine what type of 
memory is being discussed. This determination is essential because, although 
the noun—memory—is singular, memory is not a unitary construct. There is 
a widely recognized distinction between two dissociable mnemonic constructs, 
namely, declarative (explicit) and nondeclarative (implicit) memory (e.g., Squire, 
Knowlton, & Musen, 1993). Declarative memory permits conscious recall of 
past events, whereas nondeclarative memory supports acquisition of motor skills, 
habits, classical conditioning, and perceptual priming. In contrast to declarative 
memories, these forms of behavior do not depend on conscious access or aware-
ness and thus are not available to verbal report.

In the context of development, the distinction between memory systems is 
important because the different types of memory depend on different neural 
substrates with different developmental courses. The formation and mainte-
nance of nondeclarative memories relies on a number of different neural circuits. 
For example, classical conditioning largely depends on the cerebellum, whereas 
habit learning relies on the integrity of the striatum. In general, the neural sub-
strates that support nondeclarative forms of memory develop early and perhaps 
as a consequence, behavioral changes are not especially pronounced (see Lloyd 
& Newcombe, 2009). In contrast, as described in the next section, declarative 
memory depends on a network involving the cortex and structures in the medial 
temporal lobe. Some components of the system have a protracted developmental 
course, which has implications for declarative memory behavior.

the neural Substrate underlying Declarative Memory

The capacity for declarative memory of past events and experiences is multi-
faceted. There are multiple stages in the life of a memory, each of which is a 
potential source of developmental change. Moreover, the processes of encoding 
information present in the environment, consolidating and storing that infor-
mation as a memory trace, and retrieving the trace when necessary involve a 
complex neural network that includes structures in the temporal lobe (including 
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hippocampus and entorhinal, parahippocampal, and perirhinal cortices) and 
cortical areas (including prefrontal cortex and association areas; e.g., Dicker-
son & Eichenbaum, 2010; Eichenbaum & Cohen, 2001; Markowitsch, 2000; 
Milner, 2005; Zola & Squire, 2000). The structures themselves and the con-
nectivity among them undergo substantial postnatal development. Each of these 
aspects of declarative memory are elaborated below.

The Life of a Memory: Trace Formation, Consolidation, 
and Retrieval

Memories begin their lives as experiences. Consider the rich experience of a 
mother holding a toy in front of an infant, shaking it to draw her or his atten-
tion, and gently cooing “What a nice toy.” The perceptual information gener-
ated by this experience initially is registered in primary sensory areas, such as in 
the visual cortex (for the visual stimulus of the mother and the toy) and auditory 
cortex (for the auditory stimulus of the verbalization). Inputs from these areas 
are sent (projected) to unimodal association areas, where the information is 
integrated into modality- specific perceptions (i.e., information is not yet inte-
grated across modalities). These association areas then project to polymodal 
association cortices in the prefrontal, posterior, and limbic areas where infor-
mation from the various sensory modalities begins to be combined. In addition, 
the information from these various modalities is maintained over delays of sec-
onds in these association areas (Petrides, 1995). As such, prefrontal areas are 
involved in processing and encoding initial perceptual experiences.

For information about the “nice toy” to be maintained over time, aspects of 
the experience must undergo a process of stabilization into a memory trace and 
integration of the trace into long-term memory. This process— known as con-
solidation—results from the associated actions of structures in the medial tem-
poral lobe and cortical association areas (McGaugh, 2000). Information from 
the polymodal association areas travels to the perirhinal and parahippocampal 
cortices in the medial temporal lobe before being projected into the entorhinal 
cortex and the hippocampus proper, where the various components of an event 
are bound into a single representation— mother’s behavior toward this particu-
lar toy. Simultaneously, association areas are active in integrating information 
about mother and the new toy with representations of her and toys already in 
long-term storage (e.g., McKenzie & Eichenbaum, 2011). Consolidated memory 
traces are ultimately stored in the neocortex.

Finally, recall or retrieval of a memory trace critically relies on the pre-
frontal cortex (Cabeza, McIntosh, Tulving, Nyberg, & Grady, 1997; Cabeza et 
al., 2004; Maguire, 2001). Damage to this area of the brain results in retrieval 
deficits that have been observed for the free recall of information relative to rec-
ognition, memory for temporal order relative to memory for individual items, 
memory for the specific features of events, and memory for the source of the 
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presented information. Imaging data indicate that the prefrontal cortex is active 
when retrieving episodic memories from long-term stores (reviewed in Gilboa, 
2004).

Developments in the Neural Substrate Underlying 
Declarative Memory

As reflected in the previous section, the process of creating, storing, and later 
retrieving declarative memories involves a number of neural “moving parts.” 
Critically, aspects of the neural structures themselves, as well as the connections 
between and among them, undergo a protracted course of postnatal develop-
ment. The development of the neural substrate underlying the formation and 
later recall of declarative memories has been the subject of numerous previous 
reviews (Bauer, 2006, 2007, 2009, 2014; Lukowski & Bauer, 2014; Nelson, 
2000; Nelson, de Haan, & Thomas, 2006; Richmond & Nelson, 2008) and 
so we summarize it only briefly here. Components of the medial temporal lobe 
develop prenatally or during the early postnatal period. For example, Seress 
and Abraham (2008) indicate that hippocampal cells are generated during the 
first half of prenatal development and have migrated to their final destinations 
by birth. Synapses are apparent by about 15-weeks gestation. The number of 
hippocampal synapses and synaptic density increases until about 6 months of 
age, at which time adult levels are reached. At this same time, glucose utiliza-
tion (an indicator of energy use) also reaches adult levels, likely in relation to the 
increased number of synapses (Chugani, 1994; Chugani & Phelps, 1986).

Other components of the neural circuitry are later to mature. For example, 
the development of the dentate gyrus of the hippocampus is protracted (Seress 
& Abraham, 2008). This area of the brain includes about 70% of the adult 
complement of cells at birth; the remaining cells are produced postnatally. Neu-
rogenesis in this region has been confirmed in childhood and beyond (Tanapat, 
Hastings, & Gould, 2001). Morphologically the structure is adult-like around 
12 to 15 months after birth. Increases in synaptic density are also protracted rel-
ative to what is observed in other regions of the hippocampus: synaptic density 
in this region increases starting around 8 to 12 months after birth and peaks 
around 18 to 20 months. Adult levels of synapses are reached during the early 
school years (Eckenhoff & Rakic, 1991).

The implications of the later- maturing dentate gyrus on formation and 
recall of declarative memories have yet to be identified. However, there is rea-
son to believe that this late- developing structure may be a rate- limiting variable 
in the development of recall in infancy (Bauer, 2007, 2009; Nelson, 1995, 1997, 
2000). As previously described, information integrated in polymodal association 
areas is projected to the entorhinal cortex for processing by the hippocampus 
proper. This projection into the hippocampus can occur either through a “long 
route” or through a “short route.” The long route includes projections from 
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the entorhinal cortex through the dentate gyrus into the hippocampus proper; 
in the short route, the dentate gyrus is bypassed completely. Processing via the 
short route seems to support some aspects of memory (Nelson, 1995, 1997), 
although rodent data suggest that adult- typical memories require transmission 
through the dentate gyrus (Czurkó, Czéh, Seress, Nadel, & Bures, 1997; Nadel 
& Willner, 1989).

The development of association areas is also protracted (Bachevalier, 2001). 
All six layers of the prefrontal cortex are not found until the seventh month of 
gestation. Synaptic density in this region increases until 8 months after birth 
and reaches its peak between 15 and 24 months. Maximum synaptic density 
may be apparent as early as 15 months after birth, and synapses appear adult-
like in their morphology at 24 months (Huttenlocher, 1979). Throughout the 
infancy period, changes in blood flow and glucose utilization are also apparent, 
such that these measurements exceed adult levels by 8 to 12 months and 13 to 
14 months, respectively (Chugani, Phelps, & Mazziotta, 1987).

Consequences of Developments in the Underlying 
Neural Substrate

As is apparent from this brief review, the neural network that supports memory 
trace formation and later recall includes various regions that develop at different 
times. As such, the substrate can function as an integrated unit only once the 
components have reached functional maturity. “Functional maturity” has been 
identified as occurring when the peak number of synapses has been realized, 
whereas “full maturity” occurs when the synapses have been pruned to adult 
levels (Goldman- Rakic, 1987). This analysis suggests that the ability to form 
memories that later can be recalled should become apparent or emerge near the 
end of the first year of life, with continued developments over the second year 
and beyond (see Barbas, 2000; Fuster, 2002, for discussion). This proposed 
time line is based on the apparent increases in synaptic density in the dentate 
gyrus between 8 and 20 months of age (Eckenhoff & Rakic, 1991) and in the 
prefrontal cortex between 8 and 24 months (Huttenlocher, 1979; Huttenlocher 
& Dabholkar, 1997). Developments in these areas continue throughout child-
hood (for the dentate gyrus, see Eckenhoff & Rakic, 1991) and beyond (for the 
prefrontal cortex, see Huttenlocher & Dabholkar, 1997). The fit between this 
time line and the available data is the subject of the next section.

assessing Long‑term Declarative Memory in infancy

As noted above, before the 1980s, it was widely believed that infants lacked 
the capacity to form declarative memories of past events. The perspective was 
consistent with the dominant theoretical perspective at the time. A central tenet 
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of Jean Piaget’s genetic epistemology (see Flavell, 1963, for an introduction to 
the perspective) was that for the first 18 to 24 months of life, infants lacked 
symbolic capacity and thus, the ability to mentally re- present (and thus recall) 
objects and events (e.g., Piaget, 1952). Instead, they were thought to live in a 
“here-and-now” world that included physically present entities, yet the entities 
had no past and no future.

The perspective on infants’ mnemonic abilities began to change in the mid-
dle 1980s in part as a result of the development of a nonverbal analogue to ver-
bal report, namely, elicited and deferred imitation (see Bauer, 2013; Lukowski 
& Bauer, 2014, for other sources of change in perspective). Elicited and deferred 
imitation entail use of objects to demonstrate an action or sequence of actions 
that either immediately (elicited imitation), after some delay (deferred imita-
tion), or both, infants are invited to imitate. For example, an adult uses two 
nesting cups and a block to “make a rattle,” by putting the block inside one cup, 
inverting it into the other cup, and shaking the cups to make a rattling sound. 
Piaget (1952) himself had identified deferred imitation as one of the hallmarks 
of the development of symbolic thought. Meltzoff (1985) and Bauer and col-
leagues (Bauer & Mandler, 1989; Bauer & Shore, 1987) brought the technique 
under experimental control. In a common version of the procedure (see Bauer, 
2004), the infant is given the props for a sequence prior to any modeling or 
instruction. Using the above example, infants would be given the two cups and 
the block with the invitation to “Look at this stuff. What can you do with this 
stuff?” Infants’ production of the target actions (a measure of item memory) 
and sequences of action (a measure of memory organization) during this unin-
structed baseline is compared with their performance after production of the 
sequence by the adult (either immediately or after some delay). Differences in 
behavior are attributed to memory for the adult’s actions. Over long delays (i.e., 
on the order of weeks or months), performance after exposure to the model is 
also compared with baseline performance on novel sequences, to control for 
developmental increases in problem solving.

Early research using imitation- based tasks demonstrated that infants as 
young as 9 months of age were able to defer imitation of an action for 24 hours 
(Meltzoff, 1988b). Bauer and Shore (1987) demonstrated that over a 6-week 
delay, infants 17 to 23 months of age remembered not only individual actions 
but temporally ordered sequences of action. These and other findings reviewed 
below strongly suggested that even infants are able to recall past events, and 
have led to acceptance of imitation- based tasks as a nonverbal measure of 
declarative memory, and more specifically, as a nonverbal analogue of verbal 
report. Because the significant similarities between imitation and verbal report 
paradigms have been discussed elsewhere (e.g., Bauer, 2002, 2004, 2007; Bauer, 
DeBoer, & Lukowski, 2007; Mandler, 1990; Meltzoff, 1990), we present only 
a brief review of three primary points. First, under some circumstances, once 
they acquire language, children are able to talk about events experienced in 
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imitation tasks (e.g., Bauer, Wenner, & Kroupina, 2002; Cheatham & Bauer, 
2005; see Bauer, 2007, for discussion of the constraints on this ability). For 
example, when presented with the cups and block she had used to make a rattle 
as a 20-month-old, a 3-year-old might remark “It’s a rattle!” The ability to 
verbally label and discuss memories formed in the context of imitation suggests 
that the representations are declarative, mnemonic formats that are amenable 
to later verbal recall (nondeclarative memories are not linguistically accessible).

Second, adults with medial temporal lobe amnesia, in whom declarative 
memory processes are compromised, are also impaired on an adult version of 
the imitation task (McDonough, Mandler, McKee, & Squire, 1995). Adoles-
cents who have experienced hippocampal damage early in life are also impaired 
(Adlam, Vargha- Khadem, Mishkin, & de Haan, 2005). The common pattern of 
impairment suggests that the tasks depend on the same neural substrate. Third, 
performance on imitation- based tasks at 20 months is related to scores on stan-
dardized tests of memory at age 6 years (Riggins, Cheatham, Stark, & Bauer, 
2013), suggesting continuity in the processes over long periods of developmental 
time. As a result of these features, imitation- based tasks are well accepted as 
a nonverbal test of recall (e.g., Bauer, 2002; Nelson & Fivush, 2000; Rovee- 
Collier & Hayne, 2000; Schneider & Bjorklund, 1998; Squire et al., 1993). 
Below we summarize what has been learned about the development of declara-
tive memory in infancy using imitation- based tasks, followed by discussion of 
the implications of changes in memory behavior for learning through social 
interaction. Because the strongest evidence of declarative memory comes from 
recall (rather than recognition), we focus the review on measures of recall.

Characteristics of Recall in infancy

Use of the elicited imitation paradigm has indicated that the ability to recall 
information over the long term undergoes significant development during 
infancy. In particular, developments are apparent in terms of the duration of 
time over which infants recall and the robustness of their memories. Major 
developments in each of these areas are discussed below (see also Bauer, 2007, 
2014).

Duration of Time over Which Memory Is Apparent

The length of time over which memory is apparent increases significantly over 
the first months of life. Importantly, because like any complex behavior, the 
length of time an experience is remembered is multiply determined, there is no 
“growth chart” function that specifies the length of time over which infants of 
a given age should remember. Nonetheless, across numerous studies there is evi-
dence that with age, infants tolerate lengthier retention intervals. For example, 
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at 6 months of age, infants remember the individual actions involved in events 
over a 24-hour delay (Barr, Dowden, & Hayne, 1996; Collie & Hayne, 1999). 
Thus 1 day after seeing the rattle modeled, they may put the block into one of 
the cups, or invert one cup into the other. This suggests that a fledgling capacity 
for long-term recall has emerged by at least the second half of the first year of 
life.

As infants near their first birthdays, they remember information over 
increasingly long delays. Nine-month-olds remember the individual target 
actions that comprise two-step event sequences for up to 1 month (Carver & 
Bauer, 1999, 2001). Ten- and 11-month-olds remember this information for up 
to 3 months (Carver & Bauer, 2001). By the time children are 13 to 14 months 
old, they remember individual target actions over delays ranging from 4 to 6 
months (Bauer, Wenner, Dropik, & Wewerka, 2000; Meltzoff, 1995). Twenty-
month-olds remember individual target actions for up to and potentially exceed-
ing 12 months (see Bauer et al., 2000, for the longest duration that has been 
tested to date, to our knowledge).

Developments in the duration of time over which information is retained 
are also apparent in memory for temporal order information. Memory for 
order information is particularly challenging for infants as is indicated by pro-
tracted development of the ability and substantial amounts of within- group 
variability. Only approximately one- quarter of 6-month-olds remember actions 
in correct temporal order (Barr et al., 1996; though in Collie & Hayne, 1999, 
none of the infants recalled temporal order information). That is, 1 day after 
seeing the rattle modeled, only 25% of 6-month-olds will first put the block 
into one of the cups and then go on to invert the cup into another. Memory for 
temporal order at 9 months exceeds that which is apparent at 6 months, but is 
by no means robust. Approximately half of tested infants remember the tempo-
ral order of multistep event sequences after delays of 5 weeks; this finding has 
been replicated in three independent samples (Bauer, Wiebe, Carver, Waters, 
& Nelson, 2003; Bauer, Wiebe, Waters, & Bangston, 2001; Carver & Bauer, 
1999). By 13 months of age the substantial individual variability in ordered 
recall has resolved: 78% of 13-month-olds exhibit ordered recall after 1 month 
(Bauer et al., 2000).

Another development in ordered recall is the ability to accurately reproduce 
arbitrarily ordered sequences. Arbitrarily ordered sequences are those for which 
there are no inherent constraints on the order in which the actions occur. In the 
morning routine, it does not matter whether one brushes one’s teeth before or 
after taking a shower. In contrast, other sequences have inherent constraints 
such that in order to reach a particular end state or goal, actions must be per-
formed in a particular order. With the goal of clean teeth in mind, one must 
apply toothpaste to the brush before— not after— brushing. Similarly, with the 
goal of making a rattle in mind, one must put the block inside the cup before— 
not after— shaking the cup.
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In the first 2 years of life, temporal constraints on the order in which actions 
occur (commonly referred to as enabling relations) facilitate ordered recall at 
immediate imitation (e.g., Bauer & Mandler, 1992; Bauer & Thal, 1990) and 
after a delay (e.g., Bauer & Dow, 1994; Bauer & Hertsgaard, 1993; Bauer & 
Mandler, 1989). The effect is apparent even among 9-month-old infants (Carver 
& Bauer, 1999, 2001). In contrast, accurate ordered recall of sequences that are 
arbitrarily ordered is a later development. Consider the sequence of “making a 
picture” drawing on paper, attaching a decorative sticker to the paper, and trac-
ing a shape. It is not until approximately 20 months of age that infants perform 
this type of sequence in other than chance temporal order (e.g., Bauer, Herts-
gaard, Dropik, & Daly, 1998). Even at this age, infants show reliable recall of 
arbitrarily ordered sequences that are few but not many steps in length (three 
steps vs. five steps). Recall of arbitrarily ordered sequences is also influenced by 
the duration of time over which children are tested: recall is reliable immediately 
after the presentation of the sequences, but not after 2 weeks. Nevertheless, by 
the time infants are 28 months of age, they recall arbitrarily ordered sequences 
well even after a delay (Bauer et al., 1998).

The Robustness of Memory

Age- related developments in recall abilities are also apparent in terms of the 
robustness of memory. One index of robustness is the number of experiences 
required to support long-term recall (e.g., Bauer & Leventon, 2013). Younger 
infants generally require a greater number of exposures to to-be- remembered 
information to evidence long-term retention. For example, at 6 months of 
age, infants who witnessed a sequence demonstrated six times remembered it, 
whereas same-age infants who saw a sequence demonstrated only three times 
did not (Barr et al., 1996). By 9 months, however, infants require only two 
(Bauer et al., 2001) or three (Meltzoff, 1988b) exposures to remember indi-
vidual actions over delays of 24 hours and more.

The number of experiences required to support ordered recall typically is 
greater than the number required to support recall of individual actions. For 
example, although 9-month-olds required only two exposures to remember the 
target actions of sequences for 1 week, they required three exposures to remem-
ber the actions in temporal order (Bauer et al., 2001). Similarly, over a 1-month 
delay, whereas a single experience of an event is sufficient to support 16-month-
olds’ recall of the individual target actions of sequences, only with the aid of 
verbal reminders do they also recall the temporal order of the sequences. Over 
the same delay, 20-month-olds remember both the actions and order of events 
experienced only one time (Bauer & Leventon, 2013). These findings speak to 
the gradual emergence of the ability to preserve memories of one-time experi-
ences over long periods of time.
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A second index of the robustness of memory is the extent to which the same 
cues must be present at encoding and retrieval in order for infants to recall. This 
question is often addressed by changing the props or other cues presented at 
encoding versus at the time of the test. An example is Hayne, MacDonald, and 
Barr (1997), in which a puppet sequence could be enacted with either a cow or a 
duck puppet. The sequence involved removing a mitten from the puppet’s hand, 
shaking the mitten (which contained a bell), and then putting the mitten back on 
the puppet’s hand. Eighteen- and 21-month-olds presented with the same pup-
pet at encoding and at a 24-hour delayed recall test (cow–cow) remembered the 
sequence. In contrast, when the infants experienced one puppet at encoding and 
a different puppet at test (cow–duck), only the older infants showed evidence of 
recall (see also Hayne, Boniface, & Barr, 2000; Herbert & Hayne, 2000).

Other findings suggest that infants’ memories are more robust, surviving 
changes in props, testing context, models, and medium of experience. In Bauer 
and Dow (1994), infants 16 and 20 months of age showed evidence of recall 
over a week delay when tested with perceptually distinct yet functionally simi-
lar props. For instance, at encoding, they saw the rattle made with round nest-
ing cups and a block. One week later, they showed evidence of recall by mak-
ing the rattle using square stacking cups and a rubber ball (see also Bauer & 
Lukowski, 2010; Lechuga, Marcos-Ruiz, & Bauer, 2001; Lukowski, Wiebe, & 
Bauer, 2009). Infants also evidence recall when changes are made to the context 
in which testing occurs so that they are dissimilar at encoding and test (e.g., 
Barnat, Klein, & Meltzoff, 1996; Hanna & Meltzoff, 1993; Klein & Meltzoff, 
1999), when different individuals perform the modeled actions and conduct the 
recall test (e.g., Hanna & Meltzoff, 1993), and when event sequences are ini-
tially presented on television and recall memory later is assessed behaviorally 
using three- dimensional props (Meltzoff, 1988a; although, see Barr & Hayne, 
1999).

One possible source of flexibility in recall may be forgetting of specific fea-
tures of the original encoding context. In other words, flexibility may be born 
of forgetting. This possibility is contraindicated by findings that infants flexibly 
use their memory representations even in the face of accurate memory for the 
original events. In Bauer and Dow (1994), 16- and 20-month-old infants used 
novel, functionally equivalent props to produce event sequences, and also per-
formed reliably in a forced- choice procedure in which they selected the original 
props from an array of distracters. Moreover, Bauer and Lukowski (2010) found 
that memory for the specific features of event sequences is positively correlated 
with later memory for them. Together, these findings indicate that although 
flexibility in memory may develop over time (e.g., Herbert & Hayne, 2000), 
there is substantial flexibility in memory at least by late in the first year of life. 
We now turn to discussion of possible reasons for the developmental changes 
just summarized, in terms of developments in the basic processes of memory.
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Developments in the Basic Processes of Memory

Each of the phases in the life of a memory— trace formation (or encoding), 
consolidation and storage, and retrieval— is a possible source of the age- related 
changes in memory performance just described. Though the different processes 
are difficult to cleanly separate from one another (e.g., when encoding ends and 
consolidation begins is a challenging question to address), they clearly build on 
one another. Much like the enabling relations described earlier, the processes 
occur in a temporal order such that a memory must be encoded before it can be 
consolidated and stored, and it must be consolidated and stored before it can 
be retrieved. For this reason, we describe the processing in the nominal order in 
which they occur: encoding, consolidation and storage, and retrieval.

Encoding

As described previously, unimodal and polymodal association areas are respon-
sible for the initial registration and short-term maintenance of information reg-
istered by sensory organs. The prefrontal cortex in particular undergoes sig-
nificant postnatal development. As such, developments in this brain region may 
be related to changes in the rapidity and efficiency with which information is 
initially registered and passed on for additional processing. Consistent with this 
suggestion, in a longitudinal study, Bauer and colleagues (Bauer et al., 2006) 
found differences in the patterns of event- related potential (ERP) responses to 
familiar stimuli between 9 and 10 months of age that correlated with age- related 
improvements in recall after a 1-month delay. ERPs are scalp recordings of the 
electrical activity of postsynaptic potentials that propagate to the surface of the 
scalp via the volume- conducting properties of the brain. Because the recordings 
are time locked to the presentation of visual or auditory stimuli, they provide a 
snapshot of cognition in action. In Bauer et al. (2006) infants were exposed to 
event sequences at each of ages 9 and 10 months. At each age, to assess whether 
the infants had encoded the sequences, immediately after seeing the events mod-
eled, infants were presented with photographs of props from familiar and novel 
sequences on a computer screen; their brain activity was recorded using ERPs. 
Beginning as early as 260 milliseconds after stimulus onset and continuing to 
1,500 milliseconds, at 9 months, the infants showed larger neural responses 
(greater amplitude) to novel stimuli than to familiar stimuli. In contrast, at 10 
months, the infants showed larger neural responses to familiar stimuli than to 
novel stimuli. These different patterns indicate age- related changes in the effi-
cacy of encoding of the stimuli. The developmental change was associated with 
increased recall: infants remembered more of the events to which they had been 
exposed at 10 months, relative to events to which they had been exposed at 9 
months.
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Behavioral data also suggest that encoding improves with age. One way 
of assessing variability in encoding is to determine the rapidity with which 
infants learn event sequences to criterion, a procedure that ensures full encod-
ing. Fifteen- month-olds are faster to learn to criterion relative to 12-month-olds; 
18-month-olds are faster to learn to criterion relative to 15-month-olds (Howe 
& Courage, 1997). These findings, among others, indicate that older infants 
learn information more quickly relative to those who are younger. Indeed, 
across development, older children learn more rapidly than younger children 
(Howe & Brainerd, 1989).

Consolidation and Storage

As indicated earlier, medial temporal lobe structures are responsible for the sta-
bilizing and integration of information for long-term retention. In adults, cel-
lular changes related to synaptic connectivity and memory consolidation are 
apparent from hours to months after the occurrence of to-be- remembered events. 
Importantly, memory traces are vulnerable to disruption and forgetting through-
out this consolidation period: lesions to the hippocampus during the period of 
consolidation result in deficits in memory, whereas lesions imposed after the 
consolidation period has ended do not (e.g., Kim & Fanselow, 1992; Takehara, 
Kawahara, & Kirino, 2003). Given that some of the neural structures respon-
sible for successful consolidation undergo protracted development, achieving a 
consolidated memory trace may be more challenging for a less mature organism 
relative to an adult. As a result, the memories of infants and younger children 
may be especially susceptible to forgetting (e.g., Bauer, 2004, 2005, 2006).

The possible implications of consolidation and storage processes have been 
evaluated both behaviorally, using elicited imitation, and neurally, with ERPs. To 
assess mnemonic abilities in 9-month-old infants, Bauer and colleagues (2003) 
presented infants with two-step event sequences. As in Bauer et al. (2006), 
described above, to assess whether the infants had encoded the sequences, we 
administered an immediate recognition test using ERPs. One week later, how 
well memories had been consolidated and stored was assessed with a second 
ERP test. One month later, delayed recall was assessed behaviorally. After the 
monthlong delay, approximately half of the infants demonstrated ordered recall 
of one or more of the original sequences, whereas the other half of the infants 
did not. Although both groups of infants showed evidence of having encoded 
the sequences (based on the first ERP test—they had differential responses to 
familiar and novel stimuli), only the infants who recalled the sequences after 
the delay also showed evidence of successful consolidation and storage (based 
on the second ERP test). These findings indicate that individual differences in 
consolidation and storage processes are related to variability in long-term recall 
memory (see also Carver, Bauer, & Nelson, 2000, for similar findings).
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The finding that variability in consolidation and storage processes contrib-
utes to long-term recall performance has also been established in infants tested 
during the second year of life. Bauer, Cheatham, Cary, and Van Abbema (2002) 
presented 16- and 20-month-old infants with multistep event sequences and 
tested their memory for them immediately after presentation to assess encoding 
and after a delay of 24 hours. The younger infants forgot a significant amount 
of the information they had learned before the delay, such that they performed 
65% of the target actions and 57% of the pairs of actions they had learned the 
previous day. The 20-month-olds did not show significant forgetting over the 
same delay. In other research, infants 20 months of age evidence significant for-
getting 48 hours after the experience of to-be- remembered events (Bauer, Van 
Abbema, & de Haan, 1999).

Just as in the first year, in the second year of life, the vulnerability of mem-
ory traces during the initial period of consolidation is related to the robustness 
of recall after 1 month. This is apparent from another of the experiments in 
Bauer, Cheatham, et al. (2002), this one involving 20-month-olds only. The 
infants were exposed to multistep events and then tested for memory for some 
of the events immediately, some of the events after 48 hours (a delay after which, 
based on Bauer et al., 1999, some forgetting was expected), and some of the 
events after 1 month. Although the infants exhibited high levels of initial encod-
ing (as measured by immediate recall), they nevertheless exhibited significant 
forgetting after both 48 hours and 1 month. How well they remembered the 
events after 48 hours predicted 25% of the variance in recall 1 month later; 
variability in level of encoding did not predict significant variance (see also 
Pathman & Bauer, 2013). This effect is a conceptual replication of that observed 
with 9-month-olds in Bauer et al. (2003; see Bauer, 2005; Bauer, Güler, Starr, 
& Pathman, 2011; Howe & Courage, 1997, for additional evidence of a role for 
postencoding processes in long-term recall).

Retrieval

As described, memory retrieval is dependent on the prefrontal cortex, a brain 
structure that undergoes significant postnatal development. As such, changes in 
this structure are likely implicated in behavioral advances in recall. Though this 
logical possibility is often noted (e.g., Liston & Kagan, 2002), most studies of 
memory in infancy do not permit empirical test of it because few studies feature 
procedures that permit assessment of age- related differences in encoding and in 
consolidation and storage. Without these assessments, it is difficult to determine 
whether memories are inaccessible after a delay due to consolidation and stor-
age failure or whether the memory remains but cannot be accessed using the 
provided cues (retrieval failure).

One of the studies that permits assessment of the contributions of consoli-
dation and/or storage relative to retrieval processes is Bauer et al. (2000; see also 
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Bauer et al., 2003, described earlier). The study provided data on infants of mul-
tiple ages (13, 16, and 20 months) tested over a range of delays (1 to 12 months). 
Because immediate recall of half of the events was tested, measures of encoding 
are available. Because the infants were given what amounted to multiple test 
trials, without intervening study trials, there were multiple opportunities for 
retrieval. Third, immediately after the recall tests, relearning was tested. That 
is, after the second test trial the experimenter demonstrated each event once, 
and allowed the infants to imitate. Since Ebbinghaus (1885), relearning has been 
used to distinguish between an intact but inaccessible memory trace and a trace 
that has disintegrated. Specifically, if the number of trials required to relearn a 
stimulus was smaller than the number required to learn it initially, savings in 
relearning was said to have occurred. Savings presumably accrue because the 
products of relearning are integrated with an existing (though not necessarily 
accessible) memory trace. Conversely, the absence of savings is attributed to 
storage failure: there is no residual trace on which to build. In developmen-
tal studies, age- related differences in relearning would suggest that the residual 
memory traces available to infants of different ages are differentially intact.

To eliminate encoding processes as a potential source of developmental dif-
ferences in long-term recall, in a reanalysis of the data from Bauer et al. (2000), 
subsets of 13- and 16-month-olds and subsets of 16- and 20-month-olds were 
matched for levels of encoding (as measured by immediate recall; Bauer, 2005). 
The amount of information the infants forgot over the delays then was exam-
ined. For both comparisons, even though they were matched for levels of encod-
ing, younger infants exhibited more forgetting relative to older infants. The 
age effect was apparent on both test trials. Moreover, in both cases, for older 
infants, levels of performance after the single relearning trial were as high as 
those at initial learning. In contrast, for younger infants, performance after the 
relearning trial was lower than at initial learning. Together, the findings sug-
gest that infants of different ages lose mnemonic information differentially over 
time. These data also suggest that difficulties with consolidation and storage, 
as opposed to retrieval processes, are a prime source of variability in long-term 
recall abilities across ages.

Summary

Developmental changes in the basic process of memory formation and later 
recall are largely consistent both with the characteristics of memory behavior 
outlined above, and with what is known about developmental changes in the 
neural substrate that supports declarative memory in general and recall in par-
ticular. First, changes in encoding- related processes are consistent with devel-
opmental changes in the prefrontal cortex. One consequence of more efficient 
encoding is that infants require fewer experiences of events in order to remem-
ber them over a delay. Second, changes in consolidation and storage processes 
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are consistent with developmental changes in medial– temporal structures, and 
in the dentate gyrus of the hippocampus in particular. Consequences of more 
efficient and more effective consolidation and storage are that memories are 
retained over longer periods of time, and memory representations are better 
structured and organized (as reflected in improved memory for the temporal 
order in which events occurred). Third, changes in retrieval processes likely are 
linked with changes in the prefrontal cortex, rendering memory traces more 
accessible to retrieval even over long periods of time. In the next section, we 
explore the implications of these neural and behavioral developments for learn-
ing from others in social situations.

using Memory in Social Contexts:  
the Case of Social Referencing

Infants learn a great many things over the first months and years of life. Many of 
their learning experiences come from their own exploration of the world—from 
banging, mouthing, and visually inspecting objects, for example. As described 
above, they also learn a great deal from others, simply by watching. Indeed, 
the fact that infants watch and then use what they observe to guide their own 
action is the basis for the imitation- based means of testing memory in infancy. 
The success of the task rests squarely on a skill known as social referencing, an 
ability that infants exploit well beyond the elicited and deferred imitation task.

Social referencing is a complex skill that is readily apparent by the end of 
the first year of life. Broadly defined, social referencing is the search for and use 
of another’s emotional expression or reaction to inform an ambiguous situa-
tion and guide behavior. For example, when encountering a strange new object, 
such as a cow or duck puppet (Hayne et al., 1997), a 12-month-old may look 
to her or his caregiver (or the experimenter) to inform approach or avoidance of 
the object. Positive emotional information (typically present in imitation- based 
tasks), may lead to approach behavior; negative emotional information often 
supports avoidance. The skills involved in social referencing depend critically on 
advances in memory development. That is, the capacity to encode and remem-
ber emotional information toward a specific referent allows the infant to call on 
this experience and respond appropriately in future occurrences.

Social referencing has been primarily examined in three behavioral para-
digms: visual cliff, stranger, and novel object. In the visual cliff paradigm, the 
infant is placed on the “safe” side of a covered, but transparent cliff (thus, visual 
cliff). When infants reach the drop off, they typically reference their caregiv-
ers to guide behavior (e.g., Sorce, Emde, Campos, & Klinnert, 1985). In the 
stranger paradigm, social referencing behavior is elicited when a novel person 
(stranger) approaches the infant (e.g., Feinman, 1982). And in the novel object 
paradigm, one or more novel objects are presented to the infant, prompting 
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social referencing behavior (e.g., Hornik, Reisenhoover, & Gunner, 1987). 
Across these three paradigms, a key feature is that an ambiguous situation 
prompts social referencing and regulated behavior based on the emotional 
expression from the referee.

Component Structure of Social Referencing

Social referencing can be separated into three components: seeking informa-
tion (joint attention), association of information with referent, and regulation of 
behavior (Feinman, 1982). As will become clear, memory processes play a criti-
cal role, especially at the final stage of social referencing: regulation of behavior.

Joint Attention

Joint attention is the shared gaze between two or more individuals toward an 
object of visual reference. In short, the simple act of looking at an object to 
which another is also looking is an act of joint attention. Joint attention emerges 
throughout the first year of life and is supported by the developments in auto-
matic and intentional attention networks (Mundy & Newell, 2007). Informa-
tion seeking associated with social referencing (i.e., in ambiguous situations) 
has been observed in infants as young as 7 months (Striano & Rochat, 2000). 
Joint attention is tied to the present moment, involving a combination of atten-
tion and working memory processes. Though it is certainly in operation during 
encoding, because joint attention is not directly tied to long-term memory pro-
cesses, we do not discuss it further.

Association of Information with Referent

The association of emotional information with its referent comprises linking 
the new information with a specific element of the emotional event. It involves 
joint attention if the infant first needs to solicit the attention of the caregiver 
to provide information about the event. However, considerable evidence indi-
cates that infants can link emotional information with specific referents without 
explicitly seeking information, in an incidental learning paradigm. For example, 
12-month-olds who received a negative message (e.g., disgust) about a novel 
object interacted less with that object among a group of neutral distractors (and 
less than infants who received a positive message about the object; Hornik et al., 
1987). Further, interaction with the neutral distractors did not differ between 
infants in the “disgust” and “joy” conditions. Such findings demonstrate that 
infants link the emotional information with a specific referent as opposed to the 
event and context as a whole. Encoding and subsequent memory for the spe-
cific features of an event (as in Bauer & Dow, 1994; Bauer & Lukowski, 2010, 
discussed above), may support association of emotional information with its 
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referent. That is, similar processes may be engaged when encoding the specific 
features of an event and when associating emotional information with a specific 
referent in the event.

Regulation of Behavior

Perhaps the most obvious connection between memory and social referencing is 
to the third component, namely, regulation of behavior. Although many inves-
tigations of social referencing examine behavior immediately after the provi-
sion of emotional information, some feature delays ranging from minutes to 
days to weeks. In studies featuring delays, social referencing has been examined 
in behavior, visual attention (looking time studies), and neural attention (ERP 
studies). As described earlier, 12-month-olds interacted less with an object of 
negative reference (disgust) than with neutral distractors, or when the object 
was positively referenced (joy; Hornik et al., 1987). Notably, the effect was still 
present after an 8-minute delay, when the caregiver was no longer providing the 
emotional information. Thus, the emotional information in association with its 
referent must have been encoded into long-term memory since there was noth-
ing inherent in the objects or context to inform behavior at the delay. Further, 
there is evidence for retention of both negative (disgust) and positive (joy) emo-
tional information in 14-month-olds following a delay of 1 hour (Hertenstein 
& Campos, 2004). Infants participated in either the negative or positive condi-
tions, and emotional messages were provided by an experimenter, unsolicited by 
the infant. Fourteen- month-olds interacted less with the object of negative refer-
ence and more with the object of positive reference than a neutral comparison 
object after a 1-hour delay. Eleven-month-olds showed the same effects after a 
3-minute delay but not after a 1-hour delay. Thus, similar to the developmental 
trajectories observed in the literature on recall of event sequences reviewed ear-
lier, older infants seemingly retain (and use) emotion information over longer 
delays, relative to younger infants.

It is important to note that social referencing behavior as a measure of reten-
tion of learned emotional information is a strict measure of memory, and may 
underestimate infants’ memory and social referencing capacities since it relies 
on an explicit, overt behavior. Less action- based methodological approaches 
can inform infants’ acquisition and retention of emotional information, such as 
looking time and ERP designs, which inform visual and neural behavior, respec-
tively. In one such study, 12-month-olds demonstrated memory for emotional 
information and regulation of visual attention after a 24-hour delay (Flom & 
Johnson, 2011). First, infants were habituated to an experimenter expressing 
disgust toward one of two objects, and joy toward the other. After delays of 5 
minutes, 24 hours, and 1 month, infants’ preference between the objects was 
examined in a visual paired- comparison design. Infants looked significantly 
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longer toward the positively referenced object at the 5-minute and 24-hour 
delays, and showed no preference at the 1-month delay. Because the nature of 
the paradigm pits the responses toward each object against each other, it does 
not permit conclusions on whether the preference indicates memory for one or 
both of the emotional pairings (as each would predict the same behavior: less 
time at the negative object vs. more time at the positive object). However, at 
least one of the pairings must have been retained in order for infants to dem-
onstrate a preference (or avoidance). Thus, memory for an emotional event is 
retained for at least 1 day.

ERP paradigms have the power to clarify the patterns of attention, since neu-
ral responses are measured to discrete stimuli (as opposed to a mixed response 
between two stimuli, as in Flom & Johnson, 2011). Further, ERP paradigms 
may be more sensitive than looking time designs in that they do not depend 
on an explicit visual behavior. ERP components that represent attentional 
responses are robust and have indicated sensitivity to emotional information in 
infants as young as 3 months of age (e.g., Hoehl & Striano, 2008). To date, two 
studies have capitalized on ERP methodologies to examine the response to novel 
objects associated with emotional information. In each study, the emotional 
information was paired with objects in a traditional behavioral social referenc-
ing paradigm, and ERPs were collected at a different point in time. Because the 
emotional information was no longer present during the collection of ERPs, the 
responses are a robust test of memory for the emotional event.

Following a behavioral social referencing paradigm in which one of each of 
three objects was associated with a negative (disgust), positive (joy), or neutral 
message, 12-month-olds’ ERPs showed a larger response to the negative object 
after a 20-minute delay (Carver & Vaccaro, 2007). That is, 12-month-olds 
showed enhanced neural attention toward the negative object in contrast to the 
positive and neutral objects. Further research clarifies the difference in atten-
tion among the three objects. Similar to the traditional behavioral paradigm of 
examining the change in behavior to emotionally referenced objects, Leventon 
and Bauer (2013) examined the change in neural response to emotionally refer-
enced objects. ERPs were collected before and after one of each of three objects 
were paired with a negative (fear), positive (joy), or neutral message. The post- 
emotion responses alone were similar to the previous study, indicating larger 
responses to the negatively referenced object (after a 5-minute delay). Yet the 
change in response clarifies the finding: Neural responses decreased to the neu-
tral object specifically, and were sustained to the negative and positive object. 
Further, infants who attended more to the objects during the emotional events 
showed an increased neural response to the negative object and a decreased 
response to the positive object. The findings indicate that neural attention is 
regulated in accordance with learned emotional information (both negative and 
positive), and that retention is maintained for at least 20 minutes.
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In summary, limited— but consistent— evidence in behavior, visual atten-
tion, and neural response indicates that infants encode and remember emo-
tional information associated with specific referents over delays that necessitate 
long-term memory processes. Together, joint attention and memory skills sup-
port social referencing behavior. Further, social referencing is dependent on the 
development of a complex network of neural responses involved in memory, 
emotion processing, joint attention, and regulation of behavior. It is to this net-
work that we now turn.

Neural Substrate Supporting Social Referencing

As reviewed earlier, medial– temporal lobe areas including the hippocampal for-
mation as well as association areas in the prefrontal cortex are necessary to 
form and retrieve long-term memories. It is not until late in the first year of 
life that these areas reach functional maturity, and further development is pro-
tracted across childhood and into early adulthood. Emotion processing is tied 
to an equally broad network, with subcortical structures such as the amygdala 
implicated in emotional reactivity, and prefrontal areas such as the orbitofron-
tal cortex and anterior cingulate involved in emotional regulation (Davidson, 
Jackson, & Kalin, 2000). Attentional biases to fearful faces in infants as young 
as 3 months of age suggest early functionality of the amygdala (e.g., Hoehl & 
Striano, 2008). Regulation of emotion emerges later in infancy and continues 
into the school- age years and adolescence (Posner & Rothbart, 1998). Joint 
attention involves a distributed network of posterior (automatic) and anterior 
(intentional) attention processes (Mundy & Newell, 2007). The functional 
maturity of all of these networks working in concert supports the sophisticated 
skill we call social referencing.

Memory and emotion: Contextual Factors

As the work summarized in this chapter makes clear, infants form and retain 
memories of specific past events, and they pair information about emotional 
valence with specific referents, even over a delay. Interestingly, the retention 
intervals in social referencing paradigms fall short of what infants of the same 
age demonstrate in elicited and deferred imitation paradigms. In 12-month-olds, 
the maximum delay over which social referencing behavior has been observed 
is 24 hours, yet by this age, infants demonstrate memory for the actions of 
event sequences over a 3-month delay. What might explain the difference? One 
possible explanation is the context of remembering in the two paradigms. In 
both imitation- based and social referencing tasks, infants must encode infor-
mation about objects. Yet in the case of social referencing, infants must use 
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information from the wider social context of the event as well. Specifically, in 
order for infants to change their behavior or attention (outcome measures of 
social referencing paradigms), in addition to information about objects, they 
must also encode information about the emotion of another person, remember 
the emotional information, apply it to the current event, and then modify their 
behavior accordingly. Infants may remember the emotional information, but if 
they fail to apply it to the current event or modify their behavior, their memory 
would not be detected.

The different contexts of remembering in imitation- based and social refer-
encing paradigms may help to explain more than differences in retention inter-
vals. They may also contribute to differences in the impact of environmental 
variation on behavior. Social referencing is impacted by context as early as the 
first stage of information seeking. Most notably, it is in ambiguous situations 
where social referencing behaviors are best elicited (e.g., Gunnar & Stone, 1984; 
Sorce et al., 1985). Thus, the information seeking in social referencing is more 
likely in the specific context where it is unclear if the infant should approach or 
avoid. The setting in which social referencing is tested may also impact expres-
sion of the behavior. For example, Walden and Baxter (1989) examined social 
referencing behavior in a familiar child care setting versus an unfamiliar labo-
ratory setting. They found that infants regulated their behavior to both posi-
tive and negative information in both settings. Interestingly, infants referenced 
their caregivers sooner and more frequently in the familiar setting relative to 
the unfamiliar setting. In contrast, in imitation- based tasks in which emotion 
is not used to suggest approach or avoidance, changes in context have little— if 
any— impact on behavior. That is, infants evidence memory in imitation- based 
tasks whether tested in the laboratory, their homes, or their day care centers 
(Hanna & Meltzoff, 1993). As noted earlier, they evidence memory even when 
the context changes between the time of encoding and the time of test (Hanna 
& Meltzoff, 1993). Thus, whereas contextual variation seemly impacts the seek-
ing, associating, and regulatory use of emotion information, it does not impact 
the underlying ability that supports the inferential chain, namely, memory.

Summary and Directions for Future Research

The capacity to form, retain, and later retrieve memory representations of the 
experiences of our daily lives is one that most adults take for granted. Yet the 
ability is far from simple. It involves a number of neural structures that function 
as a network to transform ongoing perceptual experiences into enduring mem-
ory traces. The structures themselves and the network in which they partici-
pate undergo protracted courses of development. As they develop over the first 
months of life, changes in memory- related behavior are apparent. As early as the 
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second half of the first year, infants show evidence of recall of past events and 
experiences. Yet their memories are temporally restricted, lasting only hours, 
and they are not especially robust, seemingly requiring multiple trials to estab-
lish an enduring trace. By the end of the second year of life, memory is both 
temporally extended and robust. The timing of changes in memory behavior 
corresponds with the timing of developmental changes in the neural substrate 
known to support recall.

The changes also have consequences for the uses to which memory is put. 
One especially salient example is that of social referencing. As outlined here, 
the ability to use the cues that others emit during social interactions requires 
that the information be associated with the referent and that the association be 
used to regulate behavior. To be maximally effective, the information must be 
retained over time, to regulate behavior not only in the moment but over the 
long term.

Research on developmental changes in infant memory enjoyed a heyday in 
the latter part of the 20th century, heralded in large part by the methodologi-
cal innovation of imitation- based paradigms that permitted tests of recall in 
preverbal infants. Researchers employed elicited and deferred imitation in tests 
of memory in the first and second years of life and found unqualified evidence 
that even at these young ages, infants remember past events. The work brought 
into stark relief the need for modification of the dominant theoretical perspec-
tive that infants lived exclusively in a “here-and-now” world without a past or 
a future. Yet as discussed in Bauer and Leventon (2013), the fact that infants 
remember past events does not require the conclusion that their memories are 
functionally equivalent to those of older children and adults. On the contrary, 
there are substantial changes in memory both within the infancy period (as 
reviewed above) and well beyond. Especially salient changes beyond infancy, 
in childhood, are apparent in the specificity of memory (e.g., memory for the 
source of experience; e.g., Drummey & Newcombe, 2002), in its accessibility 
(i.e., older children are less dependent on external cues and reminders; e.g., 
Pillemer, Picariello, & Pruett, 1994), and in its deliberate and strategic use (as 
reviewed in Bjorklund, Dukes, & Brown, 2009). How the early memory abili-
ties described here relate to these later abilities is only beginning to be explored 
(see Riggins et al., 2013) and certainly merits additional empirical attention.

Future research also will be required to more fully understand relations 
between the different processes involved in memory trace construction, main-
tenance, and subsequent retrieval. Behavioral research (e.g., Bauer et al., 2011; 
Pathman & Bauer, 2013) and investigations using ERP (e.g., Bauer et al., 2003, 
2006) indicate that not all—or even the majority— of variance in long-term 
recall is explained by measures of encoding into memory or by age- related 
differences in retrieval success. Instead, measures of the integrity of memory 
traces in the period in between— the period associated with the consolidation 
of memory traces— account for substantial variance. They continue to explain 
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significant unique variance well into the preschool years (Bauer, Larkina, & 
Doydum, 2012). A full account of the development of the ability to recall the 
past seemingly will require more complete explication of the relative variance 
explained by each phase in the life of a memory.

Another potentially highly productive avenue for future research is direct 
examination of relations between developmental changes in long-term mem-
ory and changes in social referencing. As noted above, social referencing inti-
mately relies on memory, in order that information associated with a specific 
referent be retained and later used to regulate behavior. Though the association 
between these behavioral domains is obvious on the face of it, there have not 
been direct empirical tests of the degree of shared variance across these tasks. 
The amount of shared variance may or may not be large. As discussed above, 
the “injection”of emotion into the memory context— as in the case of social 
referencing— seemingly alters the infants’ sensitivity to the larger context of the 
learning experience. Given that both memory and social referencing are ame-
nable to investigation by behavioral measures and ERP tests, the possibilities for 
co- investigation seem especially rich.

Finally, in the case of both memory for events and social referencing, we 
emphasized the implications for behavior of developmental changes in the neu-
ral substrates supporting the abilities. The adult literatures are rich with insights 
into relations between neural structure and function and behavior in both the 
cognitive and affective domains. By comparison, the developmental literature 
is in its infancy, and the literature on structure– function– behavior relations 
in the period of infancy could appropriately be described as “embryonic.” Yet 
even in infancy, approaches are being developed to allow investigators to peer 
into the brain as it engages in cognition and emotion processing tasks. In addi-
tion to ERPs, as described here, the literature features reports of use of mag-
netoencephalography (MEG; e.g., Roberts et al., 2014), near- infrared spectro-
scopy (NIRS; e.g., Aslin & Mehler, 2005), and functional magnetic resonance 
imaging (fMRI; e.g., Dehaene- Lambertz, Dehaene, & Hertz- Pannier, 2002). 
These techniques permit assessment of the time course and neural generators of 
behavior and hold great promise for elucidation of structure– function– behavior 
relations in infancy. For example, MEG may can be used to better localize 
responses in the brain, while also providing impressive temporal resolution. 
Because it does not require that the subject remain perfectly still, it is especially 
attractive for developmental research. NIRS also shows substantial promise as 
a tool for developmental cognitive neuroscience. Like fMRI, it detects changes 
in blood flow concentration associated with neural activity. Like MEG, it can 
be used with squirmy research participants, such as infants (though the fact that 
it can be used to scan cortical tissue only represents a limitation). These and 
future such techniques still on the drawing board promise substantial advance 
in our understanding of memory in infancy (and beyond) and its implications 
for social learning.
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In his book Word and Object, the philosopher Willard Quine (1960) proposed 
a hypothetical scenario in which an English speaker hears someone of an 

unfamiliar language exclaim “Gavagai!” just as a rabbit hops past. The English 
speaker might reasonably infer that gavagai means rabbit, yet countless other 
possibilities exist: gavagai might refer to the rabbit’s color, a part of the rabbit, 
the rabbit’s movement or direction, the ground beneath the rabbit, and so forth. 
Researchers of language development often cite Quine’s scenario to illustrate 
the enormous challenge that infants face in learning language. How do infants 
crack the language code? How do they transition from communicative novices 
to relatively competent users of conventional words and sentences in a brief span 
of 2 to 3 years?

This question has inspired vigorous theoretical debate and countless empir-
ical studies on the human capacities and social proclivities that underlie the 
remarkable skill of language. Research on this topic is inspired by the distinct 
theoretical traditions that characterize the study of learning and development 
more broadly. For example, theories of language learning vary in the mecha-
nisms of acquisition they emphasize. Some researchers have interpreted lan-
guage learning to result from innate core capacities of infants, following the tra-
dition of Chomsky’s (1965) writings on the language acquisition device. Others 
highlight powerful learning processes, such as attention and statistical learning 
that enable infants to extract meaning from visual and auditory streams (Bald-
win, Markham, Bill, Desjardins, & Irwin, 1996; Saffran, Aslin, & Newport, 
1996; Smith & Yu, 2008). Relatedly, theories of language learning also differ 
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in the extent to which they align with Piaget’s (1952) characterization of infants 
as “little scientists” or alternatively with the view that infants are serendipitous 
beneficiaries of supportive social interactions (Vygotsky, 1978; Bruner, 1984).

As is true of the scientific endeavor more broadly, these varying theoretical 
traditions are imbued in researchers’ questions, procedures, and measures. For 
example, the little scientist metaphor is reflected in laboratory- based observa-
tions of infant responses to computer- generated stimuli; such studies character-
ize infants as “probability detectors” who are sensitive to statistical regularities 
in sensory input. In contrast, research on the social context of language devel-
opment is typically based on naturalistic observations of infants’ interactions 
with others, and describes the ways that social input scaffolds infant language 
learning.

However, neither of these perspectives offers a complete answer to how 
infants transition to the world of language. Word learning is a dynamic, emer-
gent system that is multiply determined, complex, and self- organizing (Thelen, 
1993). Accordingly, we present a unified, multilevel biopsychosocial perspective 
of infant word learning that characterizes infants as “little scientists in social 
worlds.” We describe the biological and social capacities of infants that facili-
tate word learning, while simultaneously demonstrating how social input from 
parents and other caregivers supports the word- learning task by capitalizing on 
infant capacities.

the infant’s Contribution

Infant biology contributes to the language- learning process at several levels. 
Structural features of the infant brain function to support an early emerging 
left- hemisphere advantage for the channeling of speech. Infants’ sensory and 
motor capacities enable them to perceive and engage with the objects and people 
of their world, including hearing and producing the sounds of the language(s) 
around them. Infants’ abilities to detect environmental contingencies and sta-
tistical regularities allow them to make sense out of the otherwise chaotic over-
load of sensory input that surrounds them.

The Infant Brain

The mature human brain has specialized regions in the left cerebral hemisphere 
for the understanding and production of language (Dronkers, Plaisant, Iba-
Zizen, & Cabanis, 2007). Wernicke’s area is commonly acknowledged to be 
involved in understanding spoken and written language (Démonet et al., 1992); 
lesions to this area result in “Wernicke’s aphasia,” a condition that entails 
impairments in language comprehension, word- finding deficits, and substitu-
tion errors even while speech retains natural- sounding rhythms and relatively 
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normal syntax (Harpaz, Levkovitz, & Lavidor, 2009). By contrast, Broca’s area 
is linked to speech production (Cabeza & Nyberg, 2000; Cantalupo & Hopkins, 
2001), and “Broca’s aphasia” is associated with deficits in language produc-
tion such that individuals typically understand what is being said to them, but 
experience problems with fluency, articulation, repetition, and the production 
of complex grammatical structures both orally and in writing (Amici, Gorno- 
Tempini, Ogar, Dronkers, & Miller, 2006; Benson & Ardila, 1996; Goodglass, 
1993).

However, the functional specialization of the mature brain does not yet 
exist in the infant brain. Infants who experience damage to Wernicke’s and 
Broca’s areas do not display the language aphasias seen in adults with corre-
sponding brain damage, because other areas of the young, developing brain 
take over the language functions that would otherwise fall under the purview of 
these areas (Johnson, 1998). How then, does the human infant brain, a mass of 
gray and white matter, develop into a mature brain characterized by anatomical 
and functional specialization for language processing? What particular organi-
zation of the infant brain provides the springboard for language learning in the 
human species?

There is growing evidence that early structural asymmetry of the brain cre-
ates a left- hemisphere advantage for the channeling of speech. Indeed, humans 
possess the most asymmetrical brain of mammals, even those of primate lineage 
(Glasel et al., 2011), and interhemispheric structural asymmetry is evident in 
the first weeks of postnatal life. Brain asymmetry means that certain regions 
of the brain— located in the left hemisphere— are especially suited (compared 
with other regions) for processing rapid, temporal transitions, such as those 
that characterize speech (Boemio, Fromm, Braun, & Poeppel, 2005; Zatorre & 
Belin, 2001). When 2-month-olds listen to the speech of either the mother or a 
stranger, the left planum temporale is activated. In contrast, when they listen 
to music, which is not characterized by the same rapid sound transitions as 
speech, there is symmetrical brain activation in the two hemispheres (Dehaene- 
Lambertz et al., 2010).

There is also evidence that the left temporal and frontal areas of the brain 
govern infant sensitivity to speech sounds that occur with high probability; 
newborns respond differently to repetitive syllabic sequences (like /gamama/) 
compared with nonrepetitive ones (like /gamada/; Gervain, Macagno, Cogoi, 
Peña, & Mehler, 2008). And, infants between 3 and 7 months show preferential 
activation in left- hemispheric locations that are similar to those described in the 
adult brain when listening to voices (Blasi et al., 2011; Grossmann, Oberecker, 
Koch, & Friederici, 2010). Event- related potential (ERP) studies confirm that 
the bias toward left- hemisphere processing for language is present in infancy 
(Cheour- Luhtanen et al., 1995; Kuhl, 1998; Molfese, Burger- Judisch, & Hans, 
1991). A few months later—12 to 18 months of age— infants begin to under-
stand words and demonstrate brain activation in the left frontal temporal areas 
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when exposed to familiar words; this activation occurs about 400 milliseconds 
after word onset (Travis et al., 2011), which aligns with activation patterns 
documented in adults. The relatively late timing of the activation reflects higher- 
order cognitive processes rather than lower-level perceptual ones, indicating 
that infants are processing the familiar words.

Perception

Infants’ capacities to perceive and engage with the objects and people of their 
world are the human building blocks to word learning. Infants are able to see, 
smell, touch, and taste “apples” and to hear the word apple spoken. By the close 
of the first year, before beginning formal production, infants’ skills in vision 
and audition rival adult levels (Bornstein, Arterberry, & Lamb, 2013). In fact, 
the auditory system is well developed before birth: fetuses exposed to select 
passages read to them by their mothers suck more on a pacifer postnatally to 
hear those passages than do infants who had not been so exposed (DeCasper & 
Spence, 1986).

Moreover, infants are able to connect experiences across sensory modali-
ties, thereby experiencing different perceptual inputs as a whole. For example, 
infants attend more to visual displays of objects that they have touched in the 
dark than to those they have not touched (Rose, 1994). They look more to video 
displays of events that match versus do not match the sounds they are hearing, 
such as watching a hopping animal whose movements coincide with the sounds 
of impact (Spelke, 1976, 1979), or attending to a face whose expression matches 
the emotional tone of the voice (Kahana- Kalman & Walker- Andrews, 2001). 
These cross-modal connections are fundamental to word learning, because 
learning words requires infants to link meanings across multiple sense moda-
lites.

Finally, infants display perceptual biases that increase the odds that they 
will selectively attend to certain types of visual and auditory inputs over oth-
ers. For example, infants prefer faces (particularly dynamic faces) over other 
complex stimuli (Johnson & Morton, 1991). Moreover, these preferences exist 
in newborns, who have not yet had experiences interacting with others. In a 
study conducted over three decades ago, newborn infants (averaging 9 min-
utes of age) displayed head and eye movements that indicated their preference 
to track a moving schematic face to moving scrambled faces and blank head 
outlines (Goren, Sarty, & Wu, 1975). The preference for faces is thought to be 
subserved by primitive, possibly subcortical circuits of the brain that function 
to bias the newborn’s visual attention (Johnson & Morton, 1991), much like the 
hemispheric biases for language processing described earlier. These attentional 
biases, and subsequent experiences with faces, lead to the eventual emergence 
of specialized circuits for face processing as found in adults (de Haan, Johnson, 
& Halit, 2003).
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Although there has been controversy around the age(s) at which infant face 
preference is reliably observed, early biases in visual attention mean that the 
word- learning infant will be especially motivated to look at people who are 
moving, talking, and motioning about something interesting in the world. In 
turn, infants benefit from the social information available in others’ affective 
expressions, direction of gaze, mouth movements, and the gestures that accom-
pany their spoken language, as we elaborate on later in this chapter. It is there-
fore unsurprising that infants attend more to live tutors than they do to video 
or audio presentations of the same speech information, and that they learn from 
their observations of live tutors only (Kuhl, Tsao, & Liu, 2003).

Contingency Detection

The ability to connect information across sensory modalities, as described 
above, depends on the detection of environmental contingencies. Infants will 
only connect the sight, touch, smell, and taste of apple with the spoken word 
apple if the word and its referent are temporally bound. Tight temporal connec-
tion among stimuli is critical for infant learning because the likelihood that two 
events will come to be associated depends on their co- occurrence within a brief 
time window. Information encountered after a time window has closed is not 
associated with the initial event (Rovee- Collier, 1995).

Contingency detection may be present from birth (Gewirtz & Palàez- 
Nogueras, 1992) or, at minimum, well before the emergence of language. Two-
month-olds modified the amplitudes of sucking a pacifier when auditory input 
was contingent on sucking, suggesting that they were aware of the consequences 
of their actions (Rochat & Striano, 1999). They also derive pleasure from the 
experience of contingency; one group of 2-month-olds heard music in response 
to their pulling an arm string, and a control group heard the same music played 
randomly with no connection to their string pulling (Lewis, Alessandri, & Sulli-
van, 1990). The infants in the contingent music condition showed more interest 
and smiling than did infants in the control condition.

Contingency detection is especially salient during social interactions 
(Rovee- Collier, 1987; Stern, 1985; Tarabulsy, Tessier, & Kappas, 1996), as evi-
denced by infants’ distress when social contingencies are disrupted. The clas-
sic illustration of infants’ reactions to social contingency disruption is seen 
in the “still-face paradigm” (SFP), where mothers are instructed to maintain 
unresponsive and expressionless faces, speak in a flat tone, and minimize body 
movement and contact with their infants who sit across from them (e.g., Cohn 
& Tronick, 1983; Tronick, Brazelton, & Als, 1978). Three-month-old infants 
who interacted with their mothers in an SFP condition displayed higher levels 
of distress and gaze aversion and lower positive affect (e.g., smiling) than did 
infants engaged in normal interactions (Cohn & Tronick, 1987). Others have 
also shown infants to be especially sensitive to the lack of contingency in normal 



 8. Infant Word Learning 157

social interactions with their parents as evidenced by their vivid (and unhappy) 
response when mothers become still-faced (Goldstein, Schwade, & Bornstein, 
2009; Tronick, Brazelton, & Als, 1978) or when synchronous interactions with 
mothers are replaced via video with noncontingent actions (Bigelow, MacLean, 
& MacDonald, 1996). In neither case are adults attempting to elicit negative 
affect; they are merely not responding as they normally would. The finding that 
even young infants react negatively to noncontingent maternal behavior attests 
to the importance of contingency rules by which infants and mothers normally 
interact (Moore et al., 2009).

Moreover, infants’ negative behavioral responses in the SFP are accompa-
nied by physiological reactions mediated by the parasympathetic nervous sys-
tem, including increased heart rate and decreased vagal tone (Moore & Calkins, 
2004). Infants with high physiological reactions in the SFP maintain those reac-
tions longer (i.e., even after their mothers reengaged them) than infants who 
were less physiologically aroused.

Infants’ adverse reactions to the SFP, as well as general abilities to discrimi-
nate between adult behaviors that occur contingently and behaviors that take 
place randomly, have been documented across numerous studies with infants 
of different ages (e.g., Bigelow, 1998; Bigelow & Rochat, 2006; Bloom, 1988; 
Bloom, Russell, & Wassenberg, 1987; Field, 1987; Murray & Trevarthen, 1985; 
Rochat, 2001; Watson, 1985), leading to the suggestion that infants are born 
with a “contingency detection module” that analyzes temporal conditional 
probabilities and enables infants to detect contingent relations in the environ-
ment (Gergely, 2003; Gergely & Watson, 1996, 1999). Alternatively, the con-
tingent structure of social interactions might be something that is a bottom- up 
process that is built up out of everyday experiences. Infants normally develop in 
a responsive, social environment (described below) and may therefore be quick 
to pick up on recurring temporal structures in social interactions. Natural envi-
ronmental contingencies, therefore, support infants’ ability to perceive contin-
gent regularities in others’ behavior (Baldwin, Baird, Saylor, & Clark, 2001; 
Feldman, 2003).

Statistical Learning

Before learning the meaning of words, infants must be able to discover which 
elements of the continuous speech stream constitute “words.” To do this, they 
must figure out which sounds belong together as a unit, and which are unre-
lated. This process is referred to as phonotactic learning or statistical learn-
ing more generally. Word learning would not proceed if infants were unable to 
solve this segmenting problem. Analyses of speech sounds show that people tend 
to run words together when talking without pausing between words or other-
wise indicating word boundaries. This is true even when adults talk directly to 
infants. Consequently, the number of ways to divide or segment a sentence into 
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possible words is very large, and infants must solve this daunting word expedi-
tion problem.

For example, in English, the sounds /n/ and /k/ can occur together in a 
syllable, but only at the end (sink) and only in that order (sikn, nkis, and knis 
are not possible words in English). Although there are similarities in these rules 
across languages, there are also clear differences. For example, in Dutch, /kn/ 
is a possible word onset—the Dutch word for knee (knie) is pronounced like 
the English, except that the Dutch pronounce the initial /k/. Infants must be 
able to spontaneously group together syllables that have this kind of statistical 
consistency to find words in the streams of auditory input (Estes, 2009; Lany 
& Saffran, 2011).

Research indicates that infants are able to detect these statistical regularities 
as early as 8 months of age. In a seminal study of statistical learning (Saffran, 
Aslin, & Newport, 1996), 8-month-old infants were familiarized with 2 min-
utes of a synthesized continuous speech stream of strings of syllables— such as 
bidakupadotigolabubidaku—that contained no pauses or other cues (e.g., into-
national patterns) to word boundaries. The transitional probabilities between 
pairs of syllables were manipulated to be 1.0 (always occurring adjacent to each 
other, thereby signaling a “word”) or .33 (rarely occurring together, thereby 
signaling word boundaries). After the 2-minute exposure, infants were tested 
with familiar “words” (e.g., syllable pairs that always co- occurred such as bida) 
versus “nonwords” (syllables heard during the 2-minute learning phase, but in 
different orders). Infants dishabituated to the novel syllable pairings, indicating 
that they had extracted the serial order information from the auditory input.

By 8 months of age, infants’ statistical learning skills enable them to seg-
ment “words” in artificial and natural languages (Pelucchi, Hay, & Saffran, 
2009). Moreover, infants are able to detect neighboring sounds in both their 
primary language(s) and foreign language(s), and are able to draw on this ability 
to detect the breaking points in continuous streams of visual events (Roseberry, 
Richie, Hirsh-Pasek, Golinkoff, & Shipley, 2011). In one study, American (Eng-
lish speaking) and Dutch babies were presented with lists of words that were 
allowable in Dutch but not English (such as knoest), or allowable in English but 
not Dutch (such as stewed, whose final d is not permitted in Dutch). Infants 
preferred to listen to lists consistent with their own language’s phonotactics 
(Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, 1993).

Statistical learning is vital to language acquisition because it accounts not 
only for how infants parse speech streams but also how they come to construct 
word-to-world mappings, for example, by recognizing that the likelihood of 
hearing the word apple in the presence of an apple is greater than hearing the 
word orange, knife, plate, and so forth. Learning how to map words to objects 
and events requires infants to track co- occurrences across two streams of events 
(words and referents) simultaneously (Smith & Yu, 2008). To test infants’ capac-
ities in word- referent mapping, 12- and 14-month-old infants were presented 
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with slides that contained two objects and two words, thereby creating ambi-
guity within trials as to which word referred to which object. However, across 
trials, the investigators manipulated the probabilities of word and object pair-
ings, and found that infants deciphered which words mapped to which objects 
reliably based on the likelihoods of word– object co- occurence. Both groups 
of infants looked reliably longer to the target (i.e., word– object pairings that 
occurred with high likelihood) than to the distracter (words that did not co-
occur with objects), indicating that they were able to accumulate and use infor-
mation across trials to figure out word meanings (Smith & Yu, 2008).

Summary

Infants’ enter the world poised to learn language. The asymmetrical structure 
of the infant brain leads to a left- hemispheric advantage for the processing of 
rapid, temporal transitions such as those that characterize speech. This bio-
logical bias interacts with environmental inputs (i.e., exposure to language) in 
the early emergence of an efficient cortical network for language processing. 
Infants’ sensory capacities enable them to perceive and integrate information 
across sensory modalities, and early perceptual biases toward animate, dynamic 
faces provide fertile ground for engaging in social interactions that support word 
learning. Infants are sensitive to environmental contingencies, including the 
contingency structures of social interactions, enabling them to learn about and 
anticipate regularities in the temporal structures of social interactions. Finally, 
studies of statistical learning suggest that infants are “probability detectors” 
who continuously update the likelihoods that speech sounds (phonemes) will 
co-occur as “words,” and that words co-occur with and thus refer to objects 
and events in the world.

experiential Correlates

As reviewed above, biological building blocks for learning words include left- 
hemisphere biases for processing speech; capacities to perceive and connect 
auditory, visual, and other inputs; and abilities to detect environmental contin-
gencies and statistical regularities in sensory input. However, biological expla-
nations are limited in their explanatory scope because language unfolds in a 
social context and primary caregivers provide the ingredients for infant word 
learning. Moreover, the process of learning language in the real world is quite 
different from and messier than the process of learning artificial words or syl-
lable configurations in controlled laboratory settings. In laboratory settings, 
infants have little to do but attend to the visual and auditory information pre-
sented to them. In naturalistic settings, in contrast, there is an abundance of 
information available. Infants are faced with competing demands as to where 
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to look, what to listen to, and with whom to engage. The words they hear from 
other people can refer to countless objects and events around them. Yet, some-
how, infants are able to sift through the clutter to disambiguate meaning. They 
are able to do so because social interactions contain valuable cues that scaffold 
word learning.

The importance of social interactions for infant word learning is illustrated 
by research contrasting learning under live versus artificial conditions. In one 
study, 9-month-old English- speaking infants who were presented with televised 
or audio recordings of Mandarin speakers did not learn the phonetic contrasts 
of Mandarin, whereas infants exposed to live social interactions showed impres-
sive learning. Learning was assessed both by infant head turns to changes to 
Mandarin contrasts (Kuhl et al., 2003) as well as ERPs (Kuhl, 2007). Similarly, 
toddlers (ages 15 months to 2 years) were more successful at learning object 
labels from live tutors than from television (Krcmar, Grela, & Lin, 2007), and 
only children over 3 years of age learned verbs from television (Roseberry, Hirsh 
Pasek, Parish- Morris, & Golinkoff, 2009). In another study, the importance 
of live interactions for word learning was demonstrated by manipulating adult 
presence during word presentations. Infants who were focused on exploring 
a novel toy heard an adult say, “A toma! It’s a toma.” For some infants, the 
speaker was in view and talking to the infant. For other infants, the speaker 
was hidden behind a screen and had previously been seen talking on the tele-
phone. Infants in the former condition learned that the object was a “toma.” By 
contrast, infants in the latter condition did not learn the word (Baldwin et al., 
1996).

Collectively, the above results are striking because based on simple associa-
tive views of word learning (or phonetic learning as in Kuhl’s research), hearing 
a new word and attending to a new toy should be sufficient for word learning, 
but this is not the case. Simple co- occurrence of a word and infants’ attention 
to an object are not sufficient for word learning if social aspects of the situation 
do not support linking the word and object. Indeed, the “social brain ‘gates’ the 
computational mechanisms involved in human language learning” (Kuhl, 2007, 
p. 110).

What then might explain the essentialism of social interaction for word 
learning? In the sections below, we highlight features of parent input to infants 
that support the task of learning new words. Specifically, we describe the prop-
erties of child- directed speech and action, which function to elicit infant atten-
tion; the temporal features of parental contingent responsiveness, which aids 
infants’ linking of words to objects in the world; the didactic content of parental 
speech, which promotes infant word growth; the physical cues parents use to 
mark the referents of speech; and the ways that parents developmentally scaf-
fold word learning by providing language to infants that is attuned to infants’ 
changing skills.
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Child‑Directed Speech and Action

Parents package the language they direct to infants to facilitate word learning. 
Mothers and fathers (as well as infant caregivers and even adults who are not 
parents) adjust their speech in many ways when addressing infants. This special 
dialect is variously called baby talk, motherese, parentese, or more neutrally 
child- directed speech. The characteristics of child- directed speech cross mul-
tiple levels from prosody (higher pitch, greater range of frequencies, more var-
ied and exaggerated intonation) to simplicity (shorter utterances, slower tempo, 
longer pauses between phrases, fewer embedded clauses, fewer auxiliaries) to 
redundancy (more repetition over shorter amounts of time, more immediate 
repetition) to vocabulary (special forms like mama) to content (restriction of 
topics to the infant’s world; e.g., Snow, 1977; see Ma, Golinkoff, Houston, & 
Hirsh-Pasek, 2011, for a review).

Adults in many cultures tend to use a different register of speech when 
addressing infants and young children compared with their normal speech to 
other adults. This special register is characterized by a slower rate, a higher 
pitch, exaggerated prosodic contours, and longer vowels and pauses. In one 
study, the fundamental frequency as well as utterance duration and pause 
duration of French, Italian, German, Japanese, British English, and American 
English mothers’ and fathers’ naturalistic speech to preverbal infants was ana-
lyzed (Fernald, Taeschner, Dunn, Papousek, de Boysson- Bardies, et al., 1989). 
Regardless of language, mothers and fathers alike used higher mean, minimum, 
and maximum pitch (fundamental frequency) and a greater variability in pitch. 
They also used shorter utterances and longer pauses in child- directed speech 
than in adult- directed speech.

Further, when mothers talk with infants and young children, they almost 
always focus on the here and now, referring to objects and people that are pres-
ent (e.g., Snow et al., 1976). In addition, words that adults use when addressing 
infants tend to be concrete (Phillips, 1973), phonologically simple (Ferguson, 
1964), and contain a remarkably high rate of simple labels, descriptors, and 
questions (Tamis-LeMonda, Baumwell, & Cristofaro, 2012).

Sometimes, mothers even highlight specific words for infants by speaking 
to them in a louder voice. One investigator measured the relative loudness of 
labels and nonlabels in mothers’ speech while mothers showed toys to their 
1-year-olds. Labels had nearly a .50 probability of being the loudest word 
(Messer, 1981). Thus, relative loudness (like pitch) could cue infants to map 
new words onto referent objects. Others have pointed to links between the pros-
ody of maternal speech and infants’ object focus. For example, mothers’ speech 
to infants consistently positions words at points of perceptual prominence in 
the speech stream— notably on exaggerated fundamental frequency peaks in 
utterance- initial or -final position— whereas in speech to adults the use of a 
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prosodic emphasis is more variable (Golinkoff & Alioto, 1995; Seidl & John-
son, 2006).

Finally, parents tailor the grammatical complexity of their language in line 
with infant language skill. Child- directed speech contains shorter and simpler 
sentences as reflected in shorter mean length of utterance, fewer subordinate 
clauses (Longhurst & Stepanich 1975; Phillips, 1973), and a higher redundancy 
as reflected in type-token ratios (Phillips, 1973).

Although most work on child- directed speech is based on mothers, findings 
generalize to father– infant communicative interactions. In one study, mother– 
child and father– child dyads were video recorded on separate occasions while 
playing with their 2-year-olds. Fathers and mothers alike modified their lan-
guage complexity to align with the language complexity of their toddlers’ lan-
guage. Both mothers and fathers used fewer words, and less grammatically com-
plex and less diverse language with less linguistically competent infants than did 
parents of more linguistically advanced infants (Tamis-LeMonda, Baumwell, & 
Cristofaro, 2012).

Child- directed speech may be intuitive and nonconscious, and cross- 
cultural developmental research has confirmed its presence in many cultural 
communities around the globe (Kitamura, Thanavishuth, Burnham, & Luvsa-
neeyanawin, 2002). Studies of a number of European, U.S., and Asian lin-
guistic communities have documented similar features of adult speech directed 
to young children (e.g., Blount & Padgug, 1976; Ferguson, 1964; Grieser & 
Kuhl, 1988; Kelkar, 1964), although there is also evidence for a lack of child- 
directed speech in certain communities (e.g., Ochs, 1982; Ochs & Schieffe-
lin, 1984; Schieffelin, 1979; Pye, 1986). Notably, the signing of caregivers to 
infants involves slow and highly repetitive and exaggerated movements (Masa-
taka, 1992), suggesting that child- directed speech is not restricted to the hear-
ing population. When communicating with their infants, even deaf mothers 
modify their sign language in very much the way hearing mothers use child- 
directed speech (Erting, Thumann- Prezioso, & Benedict, 2000). Children as 
young as 4 years of age also engage in the same systematic language adjust-
ments when speaking to an infant (Weppelman, Bostow, Schiffer, Elbert-Perez, 
& Newman, 2003).

In addition to speech modifications, adults modify their actions when 
interacting with infants versus with other adults. When communicating with 
infants, adults exaggerate their movements, which is referred to as “motionese” 
or infant- directed action (Brand, Baldwin, & Ashburn, 2002; Brand, Shall-
cross, Sabatos, & Massie, 2007; Koterba & Iverson, 2009). When middle- class, 
European American mothers of infants were asked to demonstrate how to use 
novel objects (e.g., a neon green “twisty” that could form different shapes and 
be taken apart and put back together) to either their babies or another adult they 
had a close relationship with (e.g., partner, friend, or mother), their demonstra-
tions were qualititively different depending on the message recipient. Mothers’ 
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demonstrations to their infants were closer, more interactive, enthusiastic, 
repetitive, simpler, and included a greater range of motion compared with their 
demonstrations to adults (Brand et al., 2002).

Why might child- directed speech and action facilitate infant word learning? 
It could be that the prosodic patterning of child- directed speech elicits attention, 
modulates arousal, communicates affect, and supports infants’ segmenting of 
the speech stream (Fernald, 2004; Soderstrom, Blossom, Foygel, & Morgan, 
2008). First, with regard to eliciting attention, infants are more responsive to 
mothers’ child- directed speech than their adult- directed speech. Infants also 
prefer child- directed speech than adult- directed speech spoken by strangers 
(Fernald et al., 1989). This amplified attention to child- directed speech might 
assist word learning because infants who pay more attention generally also show 
advanced language and communication skills (Arterberry, Midgett, Putnick, & 
Bornstein, 2007; Colombo et al., 2008).

Second, the sound and rhythm of child- directed speech might regulate 
infant arousal and communicate affect to the infant. Certain similar intona-
tion contours in mothers’ speech recur with regularity in particular interactions 
among American English, German, and Mandarin Chinese speakers (Papoušek 
& Papoušek, 2002). Mothers use rising pitch contours to engage infant atten-
tion and elicit infant response, falling contours to soothe a distressed infant, 
and bell- shaped contours to maintain infant attention. The prosodic patterns of 
child- directed speech may provide infants with supportive cues about the inten-
tions of the speaker.

Finally, the prosodic modifications of child- directed speech facilitate the 
infant’s speech processing and language comprehension. Exaggerated prosody 
helps infants segment the speech stream and provides acoustic cues to the gram-
matical structure of linguistic messages (Soderstrom, 2007; Soderstrom et al., 
2008). For example, infants discriminate speech sounds embedded in multi-
syllabic sequences better in streams of child- directed speech than in streams 
of adult- directed speech, and children who show delayed onset of speech had 
mothers who did not use exaggerated pitch in their speech (D’Odorico & Jacob, 
2006). Within the first few months of life, infants neurologically process child- 
directed speech differently from other auditory stimuli. Electroencephalogram 
(EEG) activity resulting from hearing child- directed speech is greatest in the 
temporal regions (Naoi et al., 2012).

Similar to the attention- eliciting functions seen in child- directed speech, 
“motionese” is likely to maintain infants’ attention and highlight the struc-
ture and meaning of action. Infants sustained longer looking times when their 
primary caregivers moved a novel object (e.g., a toothbrush case) with either 
high amplitude or high repetition or both—the two parameters on which 
infant- directed action differ from adult- directed action (Brand et al., 2002)—
than when they moved the object with both low amplitude and low repetition 
(Koterba & Iverson, 2009).
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Responsiveness

Another key feature of parenting that facilitates word learning is responsive-
ness (Tamis-LeMonda, Kuchirko, & Tafuro, 2013; Tamis-LeMonda, Kuchirko, 
& Song, 2014). The behaviors that naturally flow from infants’ interest in the 
people around them— namely, looks, vocalizations, facial expressions, and arm, 
leg, and torso movements— are catalysts for parental engagement. Parents and 
other infant caregivers follow infants’ exploratory and communicative behav-
iors with prompt, contingent, and appropriate in-kind behaviors (e.g., looking 
to, pointing to, and labeling a “giraffe” in reply to an infant point to a giraffe). 
These behaviors, which we refer to as “parental responsiveness,” are basic to 
the social feedback loop of “infant act– parent react effect on child” (Bornstein, 
Tamis-LeMonda, Hahn, & Haynes, 2008). Thus, responsiveness reflects a 
central element of recurring and meaningful sequences in everyday exchanges 
between child and parent that generalizes across contexts (e.g., laboratory and 
home; Lohaus, Keller, Ball, Elben, & Völker, 2001).

Infants benefit from parental responsiveness well before they produce con-
ventional words. For example, real-time changes are observed in the sophistica-
tion of infants’ babbling following maternal responsiveness. In one study, moth-
ers and their infants were randomly assigned to one of two social- interaction 
conditions. In the contingent feedback condition, mothers were instructed to 
verbally respond to their infants’ babbling. In the noncontingent feedback con-
dition, infants received verbal input from their mothers that was temporally 
dissociated from infant babbling (Goldstein & Schwade, 2008). Infants who 
experienced contingent social feedback modified their babbling to mirror the 
phonological structure of their mothers’ input, whereas infants exposed to the 
noncontingent feedback condition did not.

At the end of the first year and through the second year of life, infants 
are entering the world of language: they are increasingly able to understand 
and produce words and simple phrases, and benefit from verbal input that is 
temporally and conceptually connected to their actions on the world (Tamis-
LeMonda, Cristofaro, Rodriguez, & Bornstein, 2006). At this time, mothers’ 
responsiveness to infants’ vocalizations, bids to mother, exploration and play 
with objects, and emotional displays predict the sizes of infants’ vocabularies 
(Tamis-LeMonda, Bornstein, Kahana- Kalman, Baumwell, & Cyphers, 1998), 
the diversity of infants’ communications (Beckwith & Cohen, 1989), and the 
timing of language milestones (Nicely, Tamis-LeMonda, & Bornstein, 1999; 
Tamis-LeMonda et al., 1998; Tamis-LeMonda, Bornstein, & Baumwell, 2001). 
For example, in two longitudinal studies, mothers’ responsiveness predicted the 
ages at which children achieved milestones such as first words, vocabulary spurt, 
and combinatorial speech (Tamis-LeMonda et al., 1998, 2001). To assess the 
onsets of infant language skills, mothers were prospectively interviewed about 
their infants’ receptive and productive vocabularies and skills at using language 
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in simple sentences every 2 weeks from when infants were 9 months through 
21 months of age. Additionally, mothers’ contingent responsiveness to infants’ 
communicative and exploratory behaviors was coded from video- recorded 
interactions of naturalistic play actions at home. Infants of high- responsive 
mothers (90th percentile) at 9 and 13 months achieved language milestones 4 to 
6 months earlier than did infants of low- responsive mothers (10th percentile).

Although the above studies are correlational, and therefore limit research-
ers’ ability to draw causal inferences, there is strong evidence that the facili-
tative role of responsiveness for child learning and development is not merely 
an epiphenomenon of genetic heritability or unobservable characteristics of 
children and/or parents. Parental responsiveness predicts the language skills of 
adopted children (Stams, Juffer, & van IJzendoorn, 2002) and infant learning 
under laboratory manipulations (Goldstein, King, & West, 2003). Moreover, 
interventions that target responsiveness in parents effectively enhance children’s 
language and cognitive skills (e.g., Landry, Smith, Swank, & Guttentag, 2008; 
Mendelsohn et al., 2005, 2007).

What mechanisms might explain associations between parental responsive-
ness and infant word learning? Responsive behaviors on the part of parents 
are temporally connected to (i.e., contiguous) and conceptually dependent on 
(i.e., contingent) infant actions. These features of responsiveness promote word 
learning by capitalizing on infants’ abilities to detect environmental contingen-
cies and extract statistical regularities in word-to-world mappings.

To what extent do parents display behaviors that are temporally and con-
ceptually connected to their infants’ preceding actions? That is, under natural 
circumstances, without any prompting, are parents more likely to engage in 
visual (gaze), verbal (language), and physical (e.g., gestures, object touch) behav-
iors within 2 to 5 seconds of infant exploratory or communicative actions than 
to engage in those same behaviors in the absence of infant action? Research on 
the parental talk to infants indicates that continguity and contingency are hall-
marks of social interactions.

To illustrate, mothers were observed interacting with their 14-month-olds 
during play and book sharing and video recordings were coded for the temporal 
onsets and offsets of various infant and mother exploratory and communicative 
behaviors (e.g., looking and touching objects, infant vocalizations and maternal 
talk; Tamis-LeMonda, Kuchirko, et al., 2013). Sequential analysis was applied 
to these sequences of infant– mother interactions. This statistical approach 
relies on Bayesian analyses, in which the observed distribution of behaviors 
is used to estimate the likelihoods or conditional probabilities of behavior Y 
given behavior X (e.g., mother talking to the infant after the infant explores an 
object, vocalizes, or gestures). These conditional probabilities present a reason-
able test of the dependent relation between infant and parent behaviors because 
they control for base-rate behaviors of the “given” or preceding behavior, and 
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statistics that are generated from the conditional probabilities also consider the 
base-rate occurrence of parent behaviors.

Mothers were more likely to use language in response to their 14-month-
old infants’ object exploration (i.e., within 3 seconds of infant action) than in 
the presence of infant off-task behaviors. Thus, as soon as infants looked to, 
manipulated, and picked up objects of interest to them, their mothers provided 
verbal input that was connected to their infants’ object- directed actions. The 
tight temporal connection between infant object engagement and parent verbal 
input heightens the odds that infants will hear words for the objects/events that 
are most visually salient to them. When an infant picks up an object for explo-
ration, the infant’s visual field is dominated by that single object, as shown in 
studies that use head- mounted eye trackers to document the visual world from 
the infant’s perspective (Bornstein & Arterberry, 2010; Spencer et al., 2009). 
The predominant focus on a single object can be explained by the biological 
reality that children have short arms that function to keep objects close to their 
eyes when they hold them (Spencer et al., 2009). In turn, infants are more likely 
to learn words for objects that are visually salient than they are to learn words 
for objects that do not dominate their visual fields (Yu & Smith, 2012).

Responsiveness to infants’ vocalizations, in particular, promotes infants’ 
admission into the turn- taking feature of communication. Adults conversing 
with each other regularly match timing factors in their speech. Turn taking is 
fundamental to the structure of adult dialogue: It is impolite to interrupt, so 
instead people wait their turn to speak. From an extremely early age, infants 
produce a variety of sounds, and their caregivers respond differently to differ-
ent infant vocalizations depending on how they interpret them (Hsu & Fogel, 
2003; Markova & Legerstee, 2006; Papoušek, 2007). For infants, turn tak-
ing is an important first lesson in pragmatics (do not talk when someone else 
is talking). Mothers promote turn taking by responding with a vocalization 
immediately following infant vocalization, and they often prolong pauses after 
their own vocalizations to increase the likelihood that infant vocalizations will 
become part of a conversational chain. Turn taking may be a socializing aspect 
of mother– infant conversation. Paralleling the sequential analytic findings on 
mother response to infant object exploration, the likelihoods of mothers talking 
following infant vocalizations increased relative to when infants were not com-
municating (Tamis-LeMonda, Tafuro, Kuchirko, Song, & Kahana- Kalman, 
2013).

Parental responsiveness also functions to increase the predictability of 
interactions, thereby promoting more optimal developmental environments for 
children (Chapple, 1970; Cohn & Elmore, 1988; Dunham & Dunham, 1995; 
Tarabulsy et al., 1996; Van Egeren, Barratt, & Roach, 2001). Social contingen-
cies generate expectancies of predictable partner reactions in relation to one’s 
own behaviors, and vice versa. The ability to detect contingencies is one of the 
quintessential features of adaptation (Canfield & Haith, 1991), and learning 
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contingencies between one’s own behavior and environmental events is a key 
adaptation in childhood (Millar & Weir, 1992).

Finally, parental responsiveness indirectly promotes word learning by sup-
porting infants’ skills at emotion regulation. In a study of infants’ physiological 
arousal in the SFP (Moore & Calkins, 2004), 3-month-old infants who experi-
enced high levels of synchrony in their play interactions with mothers (reflected 
in mothers’ coordination of moment- to- moment affective states with those of 
their infants) were better able to suppress their vagal tone responses in the SFP 
than were infants who experienced low levels of synchrony in their play inter-
actions. The regulation of emotional arousal is important to learning words, 
because both word production and emotions recruit cognitive resources, and 
language learning is disadvantaged when emotion arousal is high (Bloom, 1993; 
Cole, Armstrong, & Pemberton, 2010). In one in-depth, longitudinal study of 
infants at the early period of word learning, the more time infants spent in neu-
tral affect during play (compared with time spent in extreme forms of emotional 
arousal), the younger they were in achieving the language skills of first words, 
the vocabulary spurt, and the transition to multiword speech (Bloom & Capa-
tides, 1987). Thus, to the extent that parental responsiveness supports infants’ 
abilities to regulate their emotional arousal, infants who experience high levels 
of parental responsiveness are in essence “ready to learn.”

The Informational Content of Social Input

Beyond these temporal features of parental input, the “content” or informa-
tion available to infants during social interactions influences word learning. 
Two aspects of informational content that support infants’ word learning are 
didactic features and embodied features (Bornstein, 2002; Tamis-LeMonda, 
Kuchirko, & Song, 2014).

Didactic language is verbal input that refers to objects, activities, or events 
in the environment by describing, labeling, or asking about the unique qualities 
of the referent or event (e.g., “That’s a spoon” and “What color is the spoon?”; 
“The rabbit’s hopping” and “Where is he going?”). When parents respond to 
their infants’ exploratory or communicative initiatives, the likelihood of their 
using didactic language is increased. In one study, mothers’ verbal responses 
were coded as referential (i.e., didactic forms of language in which mothers 
refer to or ask about objects/events: e.g., “Yellow cup”) or regulatory (i.e., state-
ments that direct infants’ actions: e.g., “Do it”). Mothers’ referential language 
increased following infant vocalizations, gestures, and/or object exploration, 
whereas regulatory language decreased in the presence of these actions (Tamis-
LeMonda, Kuchirko, et al., 2013a; Tamis-LeMonda, Tafuro, et al., 2013). Moth-
ers’ referential but not regulatory language was associated with infants’ produc-
tive vocabulary. Others show that the diversity of parental language to infants 
(i.e., the use of different word types and different communicative functions) is 



168 PART II. PERCEPTUAL AND COGNITIVE PROCESSES 

associated with children’s vocabulary size, rate of vocabulary growth, and com-
municative diversity in early language development (e.g., Hart & Risley, 1995; 
Hoff, 2003, 2006; Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Tamis-
LeMonda et al., 2012).

Embodied input refers to the multimodal coordination of parents’ language 
with physical cues to meaning, for example, by looking to, touching, or point-
ing to objects they simultaneously name and describe following infant object 
engagement (Tamis-LeMonda, Kuchirko, et al., 2013; Tamis-LeMonda, Tafuro, 
et al., 2013). Parents regularly provide their infants with a range of nonverbal 
supports to communication and language learning. Gesture is one such support 
(Goldin- Meadow, 2006a, 2006b, 2009). For example, a mother might point 
and at the same time ask the question “What is that?” or “Is that a ball?” or 
say “Look! A ball.” When responding to infants’ exploratory or communicative 
actions mothers are more likely to coordinate gestural and manual cues of refer-
ence (points to objects, touching/manipulating objects) with didactic language 
than with regulatory language (Tamis-LeMonda, Kuchirko, & Song, 2014). 
Language that is accompanied by physical cues such as gesture is found to sup-
port infant word learning (e.g., Matatyaho & Gogate, 2008; Rowe & Goldin- 
Meadow, 2009; Tamis-LeMonda, Baumwell, et al., 2012).

Why might didactic language and embodied input promote word learn-
ing? Didactic language is rich in lexical diversity (i.e., the number of different 
words offered to infants) and facilitates infants’ vocabulary growth more than 
does language low in lexical diversity (e.g., simple affirmations, such as “Yes!” 
and “Okay!”; Song, Spier, & Tamis-LeMonda, 2014). As infants are exposed 
to more words, and come to learn those words, the resultant growth in their 
vocabularies facilitates the processing of new information. In one study of bilin-
gual infants, a composite measure of vocabulary was associated with process-
ing speed in each language (i.e., based on Spanish and English; Marchman, 
Fernald, & Hurtado, 2010). A recent study confirms the association among 
child- directed talk, vocabulary growth, and processing speed in a study of 
infants from low- income, Spanish- speaking families. Infants who experienced 
more child- directed speech became more efficient at processing familiar words 
in real time and had larger expressive vocabularies by 24 months (Weisleder & 
Fernald, 2013).

The enhanced processing of new information by infants who hear more 
language and who have larger vocabularies may be explained by inhibitory 
processes. If an infant encounters a new word (e.g., cat) that contains partially 
overlapping meaning with a word that is already known (e.g., dog), learning 
the new word is facilitated when the semantic representation of the familiar 
word is sufficiently specified (Friedrich & Friederici, 2010) or richly instan-
tiated (Dapretto & Bjork, 2000). In this example, the incoming information 
(new word cat) activates several possible semantic representations, making it 
necessary for the infant to suppress activity patterns associated with inaccurate 
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representations (Friedrich & Friederici, 2010). Richer semantic networks facili-
tate this process.

In terms of embodied input, multimodal information capitalizes on infants’ 
capacity to use nonspeech contextual information to learn words (Yu, Bal-
lard, & Aslin, 2005). The synchronization of actions and words creates a uni-
tary experience for infants who perceive such stimuli as “belonging together” 
(Rader & Zukow- Goldring, 2010). Moreover, physical actions, such as points, 
are likely to result in joint attention, which in turn facilitates word learning 
(Tomasello & Farrar, 1986). When mothers teach infants a name for a novel 
toy, they also have a strong tendency to move the toy in synchrony with their 
verbal label, which may help infants make the association (Gogate, Bahrick, 
& Watson, 2000). In this regard, gestures make parents’ intentions salient and 
“narrow the search space” (Zukow- Goldring, 2006).

Developmental Scaffolding

There exists powerful evidence for the developmental attunement of parents’ 
responses to infants (Bornstein, 2013). That is, parents continually modify 
what they respond to and how they respond in line with the changing skills of 
their infants. In one study, mothers labeled and described objects in response to 
their 1-year-olds’ vocalizations, but asked questions of their older toddlers more 
skilled at language (Bornstein et al., 2008). Mothers also shifted from respond-
ing to basic object exploration at 9 months to responding to advanced forms of 
object play at later ages. Mothers are more likely to respond when their 2-year-
olds produce new words than when their toddlers produce words that have been 
in their vocabularies for some time (Masur, 1997). Between the infant ages of 
14 and 24 months, mothers increased their didactic responses to infant vocal-
izations, but decreased their responses to infant gestures (Tamis-LeMonda, 
Tafuro, et al., 2013). Finally, mothers of 13-month-old crawling infants show 
different patterns of responding to their infants’ social bids than do mothers of 
13-month-old walking infants, mainly because the two groups of infants bid in 
different ways. Crawling infants predominantly bid from stationary positions 
(e.g., while sitting), whereas walking infants bid by carrying objects over to their 
mothers half the time (Karasik, Tamis-LeMonda, & Adolph, 2011). Mothers 
in turn use noun phrases (e.g., “Red ball”) in response to stationary bids, but 
predicate phrases (e.g., “Roll it to me”) in response to moving bids (Karasik, 
Tamis-LeMonda, & Adolph, 2013). Collectively, these studies indicate that par-
ents are attuned to and respond in new ways to emerging skills in infants.

Why is developmental attunement important? As infants develop their lan-
guage skills, they attend to and require different cues to learn new words. Dur-
ing the earliest period of word learning, infants have an immature principle 
of reference and primarily learn words for objects that are salient to them and 
coincide with their attentional focus. At this time, infants require more frequent 



170 PART II. PERCEPTUAL AND COGNITIVE PROCESSES 

word repetitions and multiple cues to learn words than do infants who are more 
advanced in their lexicons and understanding of reference (Hollich et al., 2000). 
Novice word learners predominantly learn words that align with objects that 
are salient and coincide with their perspective, whereas more expert word learn-
ers are able to learn words for objects that are signaled from other peoples’ 
perspectives. In this regard, caregivers’ developmental attunement to infants’ 
changing language skills scaffolds word learning by providing infants with the 
supports needed to understand communicative intentions at particular times in 
the developmental trajectory. As an example, repetitious contingent labeling of 
a “ball” will yield greater value to an infant who does not yet know the word 
than it will to the one who does. In contrast, infants with more advanced lexi-
cons are able to participate in simple conversations and will benefit from being 
asked simple referential questions (e.g., “What is that?”).

Social Interaction and the Developing Brain

The sections above highlight the features of social interaction that support 
infant word learning at a behavioral level. Notably, research in developmental 
neuroscience is beginning to identify connections between social interactions 
and language learning at the level of the brain, and suggests that infant expo-
sure to language influences the brain’s neural circuitry even before infants speak 
their first words (Kuhl, 2010).

As infants are exposed to language and in turn grow in their language skills, 
their responses to speech are increasingly lateralized in the left hemisphere, their 
concentrations of gray matter and white matter change (Deniz Can, Richards, 
& Kuhl, 2013), and there are discernable changes in temporal patterns of brain 
activation when exposed to words (Travis et al., 2011). Moreover, research on 
bilingual infants indicates greater brain tissue density in the areas of the brain 
related to language, memory, and attention, with the highest levels of tissue 
density among those who were exposed to a second language prior to age 5 
(Mechelli, Price, Friston, & Ashburner, 2005).

In a longitudinal study of Spanish– English bilingual children, associa-
tions among early brain measures of phonetic discrimination in both languages 
(based on ERPs), degree of exposure to each language in the home, and chil-
dren’s later bilingual word- production skills were assessed. Infants’ amount of 
exposure to each of their native languages in the home predicted their phonetic 
discrimination abilities, and both language exposure and early neural discrimi-
nation skills predicted later word production in both languages (Garcia- Sierra 
et al., 2011). Moreover, the degree of social engagement infants demonstrated 
during language- learning sessions predicted the degree of learning indexed by 
ERPs as well as behavioral measures of word and phoneme learning (Conboy 
& Kuhl, 2011). Research with adults also offers valuable insights into the ways 
that exposure to language influences brain activity. In one study, Japanese 
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adults with limited English exposure were trained on the phonemes of /r/ and 
/l/, speech sounds that are typically not detected by adult Japanese speakers 
(Zhang, Kuhl, Imada, Iverson, Pruitt, et al., 2009). Participants were exposed 
to the English phonemes with a software program that mimicked the exagger-
ated features of infant- directed speech as described above. At the end of the 
12-session training, adults showed behavioral improvements in their ability to 
distinguish between the English phonemes. Notably, functional neuroimaging 
of brain activity indicated that learning induced increases to neural sensitivity 
and efficiency. Moreover, individual differences in adults’ phoneme discrimina-
tion scores were associated with pre–post changes to neural sensitivity.

Moreover, the ability of bilingual adults to perceive foreign speech sounds 
is associated with the volume of Heschl’s gyrus (HG), a brain structure that 
contains the auditory cortex. In one study, Spanish– Catalan bilingual adults 
who had been exposed to two languages since childhood were compared with a 
group of Spanish monolinguals. The two groups were demographically matched 
on education, socioeconomic status, and musical experience. Bilinguals had 
larger gray matter volumes in HG than did monolinguals. These differences 
indicate that learning a second language leads to an increased size of the audi-
tory cortex rather than being explained by demographic measures or selection 
biases in the samples (Ressel, Pallier, Ventura- Campos, Díaz, Roessler, et al., 
2012).

Collectively, this new wave of studies with infants and adults indicates a 
bottom- up process of developmental influence, whereby social interactions and 
exposure to language results in changes to neural response and brain structure. 
Findings such as these underscore the importance of taking a biopsychosocial 
approach to the study of early language development.

Cultural Context

The capacities of infants and features of parenting reviewed above have been 
observed in infants and parents around the world. Moreover, although parents 
from different cultural communities might differ in how often they engage in 
child- directed speech and action, responsiveness, didactic talk, and so forth, 
there is evidence that these features of parenting uniformly support children’s 
word learning.

Nonetheless, the social contexts in which word learning unfold are cultur-
ally embedded. For example, parents’ views, socialization goals, and the larger 
sociocultural context shape how much and how parents talk and respond to 
their infants, what they talk about and respond to, and why they talk (Bornstein, 
2015; Bornstein & Lansford, 2010). Parents from different cultural communi-
ties differ in the extent to which they make communicative accommodations 
when interacting with their infants and likewise differ in the types of infant 



172 PART II. PERCEPTUAL AND COGNITIVE PROCESSES 

signals they find to be salient (Ochs & Schieffelin, 1984; Tamis-LeMonda & 
Song, 2013).

For example, middle- income mothers from Japan and the United States dif-
fer in their frequencies of responding to their 3-month-olds’ gazes, smiles, and 
vocalizations (Bornstein, Cote, Haynes, Suwalsky, & Bakeman, 2012; Fogel, 
Toda, & Kawai, 1988). In another study, U.S. mothers responded to infant 
object play (e.g., stacking blocks) more than social play (e.g., feeding a doll), 
whereas Japanese mothers responded more to social play than to object play 
(Tamis-LeMonda, Bornstein, Cyphers, Toda, & Ogino, 1992). A comparison of 
maternal responsiveness across six cultural communities indicated that mothers 
from Berlin and Los Angeles were more likely to respond to infant nondistress 
vocalizations and gaze than were mothers from Bejiing, Delhi, and the Nso of 
Cameroon (Kärtner et al., 2008), whereas Nso mothers responded more often 
to infant touch than did mothers from other cultures. In a study of New York 
City mothers, Mexican immigrant mothers were more likely to respond to their 
14-month-olds’ gestures with referential language than were Dominican and 
African American mothers (Tamis-LeMonda, Song, et al., 2012), aligning with 
the cultural emphasis on learning through observation and physical cues. Again, 
however, in the context of these differences, mothers from all cultural commu-
nities displayed contiguity, contingency, and embodiment in their responses, 
suggesting universality in many core features of parenting.

Parents from different cultural communities also display different types 
of responses to their infants’ behaviors. Mothers from France, Japan, and the 
United States differ in their extradyadic (directing infant attention to the envi-
ronment) and dyadic (directing attention to mother) responses to their 5-month-
olds. U.S. mothers were more extradyadic in their responsiveness than were 
French and Japanese mothers, whereas Japanese mothers were more dyadic in 
their responsiveness than were other mothers (Bornstein et al., 1992). These 
patterns of responding may reflect different cultural emphases on individual 
exploration (extradyadic) versus social connection (dyadic). For example, moth-
ers of infants in many cultures use affect- laden speech, but as children achieve 
more sophisticated levels of motor exploration and cognitive comprehension 
mothers increasingly orient, comment, and prepare children for the world out-
side the dyad by infusing their speech to children with increasing amounts of 
information (Bornstein et al., 1992).

These cultural and individual differences in the amounts and types of spe-
cific parental behaviors, however, do not change their associations to infant 
learning, because averages are statistically independent of correlations. In fact, 
across families from different cultural communities and socioeconomic strata, 
parent lexical diversity, responsiveness, multimodal input, and so forth has been 
shown to promote children’s language learning and development (e.g., Born-
stein & TamisLeMonda, 1989, 1997; Bornstein, Tamis-LeMonda, & Haynes, 
1999; Rodriguez & Tamis-LeMonda, 2011; Tamis-LeMonda et al., 2001; 
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Tamis-LeMonda, Shannon, & Cabrera, 2004; Weisleder & Fernald, 2013). For 
example, the responsiveness of Italian and Canadian mothers was associated 
with children’s verbal skills and, although specific associations emerged in each 
culture, each association turned on presumed linear relations between maternal 
responsiveness and child language outcomes (Hsu & Lavelli, 2005).

Conclusions

The development of language is one of the most heralded achievements of 
infancy. It is thus unsurprising that scholars have long questioned the capacities 
in infants and the characteristics of social input that enable infants to “crack 
the language code.” We advanced a biopsychosocial perspective of language 
development that unites an account of word learning in which infants’ biologi-
cal, perceptual, and computational capacities enable them to make meaning out 
of sensory input with a sociocultural account in which infants benefit from 
interactions with attuned and dynamic social partners (Bornstein, 2013; Kuhl, 
2007; Tamis-LeMonda, Kuchirko, & Tafuro, 2013).

Infants enter the world of language armed with biological building blocks 
that pave the way for learning words, including a left- hemispheric bias for pro-
cessing speech, capacities to perceive and integrate sensory information across 
modalities, and general learning abilities to detect social contingencies and 
statistical regularities in environmental input. For their part, parents facilitate 
infant word learning by offering input that builds on infants’ natural capacities 
and proclivities. Child- directed speech and action elicit infant attention and 
facilitate segmenting actions and sounds into meaningful units. The features of 
parental responsiveness—contiguity and contingency— increase the likelihood 
that the words infants hear will be temporally and conceptually aligned with 
the objects and events that are most salient and of greater interest to them. The 
didactic content of parental input promotes growth in vocabulary and in turn 
faster processing of new information. The embodied, multimodal feature of par-
ent input provides infants with physical cues, such as gestures and touch, which 
function to mark the referents of the words that are spoken. Finally, develop-
mental attunements in social interactions reflect the reciprocal and dynamic 
process of word learning: parents scaffold infant learning and development by 
“upping the ante” as infants gain new skills.

Collectively, the studies reviewed in this chapter highlight the value of an 
integrative approach to early word learning in which the synergistic connec-
tions among brain processes, infant social proclivities and capacities, and care-
giver supportive interactions are considered. Nonetheless, research is only at 
the frontier of integrating science across these multiple levels. New techniques 
for studying brain structures and processes, including EEG/ERPs, magnetoen-
cephalography (MEG), functional magnetic resonance imaging (fMRI), and 
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near- infrared spectroscopy (NIRS), have yielded exciting information on the 
neural underpinnings to early language learning. However, this work has yet to 
consider how variations in the quality of infant– parent social interactions might 
play out in infant neural response. Future research should capitalize on the new 
tools available in neuroscience and behavioral coding to address the question 
of why it is that infants best learn language in the presence of supportive social 
partners. Although developmentalists have made great strides in identifying the 
key features of social interactions that facilitate infant word learning, and have 
offered rich theoretical interpretation of why these features of input might mat-
ter (e.g., Tamis-LeMonda et al., 2014), much remains to be learned about how 
variations in social input play out at the level of brain response.
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The study of behavioral development is dauntingly (or compellingly) complex 
because of its multifaceted origins. At any moment, behavior derives from 

a richly interwoven network of neurobiological, physiological, cognitive, socio-
emotional, cultural, and contextual processes. These processes evolve develop-
mentally and are mutually influential as individuals grow and mature. For those 
who study behavioral development, this complexity affords exciting but chal-
lenging opportunities for thinking integratively across levels of functioning and 
levels of context.

When people are faced with complex systems, however, the natural inclina-
tion is to simplify them. This has certainly been true of developmental science, in 
which debates over the preeminence of nature or nurture— and within them, the 
predominance of genes, conditioning, culture, maturation, or socialization— 
have colored its history and theory. Despite recurrent claims that the nature– 
nurture debate is scientifically obsolete, moreover, each generation of scientists 
has reinstantiated it. Maybe this is because the tension between nature and 
nurture has deep origins in Western and Eastern cultures. From ancient Platonic 
beliefs and Confucian thought to Enlightenment philosophy to the present, the 
dichotomy between intrinsic (especially biological) tendencies and social (espe-
cially parental) influences on human development has appeared inescapable.

Conceptualizing human development in this manner, of course, has con-
sequences. In the early 1970s, President Nixon’s ambivalence about Head Start 
derived, in part, from arguments within the scholarly community concerning the 
genetics of intelligence, which were interpreted as undermining the efficacy of 
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early intervention for disadvantaged children. Several decades later, a National 
Research Council committee was commissioned to write a report on early child-
hood development (subsequently titled From Neurons to Neighborhoods; Com-
mittee on Integrating the Science of Early Childhood Development, National 
Research Council, 2000), owing, in part, to public concern about whether par-
enting influences were important in light of scientific arguments that genetics, 
not parenting, guides behavioral development within the normal range.

There are several reasons, however, why the present moment offers a unique 
opportunity to move beyond the nature– nurture polarity (Thompson, 2015). 
First, developmental neuroscience has provided scientists and the public with a 
model of a biologically dynamic, experience- driven developmental system that 
deeply integrates the influences of nature and nurture. The understanding that 
experience shapes a plastic brain, while scientifically familiar (see Hunt, 1961), 
is a new contribution to public understanding and provides a powerful con-
ceptual framework to guide the thinking of parents, policymakers, and future 
scientists. Second, technological advances are providing a much more incisive 
understanding of the biological processes at work in behavioral development 
and how they interact with experiential catalysts. While technology cannot 
alone do the interpretive work needed for integrating biology with behavior, 
it has provided new ways of understanding their interaction. Third, we are on 
the vanguard of significant new advances in developmental science that will 
help to consolidate new understandings of the developmental dynamic of nature 
and nurture. Epigenetics is, in particular, showing how even gene expression 
(and possibly also structure; see Charney, 2012) is also a biologically dynamic, 
experience- driven developmental process.

The contributors to Part III, and to this volume, illustrate how much prog-
ress we have made. In this brief introduction, my goal is to consider the implica-
tions of the biopsychosocial models that are emerging from current developmen-
tal science for our understanding of socioemotional development. In doing so, I 
also consider the broader sociocultural context of these models, especially their 
implications for policy and practice, because of their significance for the under-
standing of human development that practitioners and policymakers enlist into 
their decisions concerning children. I profile two areas in which biopsychosocial 
models are proving to be especially provocative of new thinking: stress reactiv-
ity and emotion regulation. I close with some interpretive cautions, caveats, and 
concluding thoughts.

Developing Stress Reactivity

The understanding that experience shapes developing biological and behavioral 
systems has long been familiar to developmental science. More recently, the view 
that biological systems are designed to incorporate experience (whether positive 
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or negative) into their organization and development has been articulated in 
the findings of developmental neuroscience and, in recent years, behavioral epi-
genetics. Such a view is based on the recognition that organisms must adapt, 
behaviorally and biologically, to the environmental conditions into which they 
are born. This adaptation is crucial to survival and growth, but it requires early 
sensitivity to cues signaling these environmental conditions and the reorganiza-
tion of developing systems accordingly.

The development of language is a well-known example. Because newborns 
cannot anticipate living in Paris, London, Tokyo, Kiev, Beijing, or elsewhere, 
their brains must be prepared to learn any language, and this is consistent with 
research evidence that 6-month-olds can discriminate among a great variety of 
human speech phonemes (Werker, 2003). But this perceptual capacity is lost 
by age 1 as the child overhears the language(s) spoken at home and language- 
relevant brain regions reorganize to more efficiently learn one or two specific 
languages, paving the way for the vocabulary explosion of the second year 
(Kuhl, 2007; Kuhl et al., 2008). In this respect, the development of biological 
and behavioral systems relevant to language acquisition is experientially guided 
to foster efficient language acquisition.

What we observe of early language learning may be part of a broader 
developmental process that guides other developing biological and behavioral 
systems. According to the predictive adaptive response model and similar for-
mulations, very young organisms are sensitive to cues of the environmental 
conditions relevant to their survival and, beginning prenatally, their develop-
ment adapts accordingly (Gluckman & Hanson, 2005). Biological and behav-
ioral adaptations like these can render the child more capable of functioning 
in these environmental conditions and enhance chances of long-term survival 
and growth if those conditions endure. If those conditions change significantly, 
however, deleterious developmental outcomes may ensue. An important cue 
concerning environmental conditions, for example, pertains to food suffi-
ciency. When mothers are undernourished, fetal malnutrition is associated with 
decreased energy metabolism and slower growth rate that may prepare for a 
postnatal life of food insufficiency (Barker, 2002; Nathanielsz, 1999). But stud-
ies also show that when fetal malnutrition is followed by food prosperity and 
consequent weight gain, it is a significant predictor of coronary heart disease 
and other correlates of adult metabolic syndrome (Gluckman & Hanson, 2005). 
In these circumstances, children grew up in conditions of plenty for which they 
were biologically unprepared.

There are other environmental cues relevant to survival and growth, such 
as those signaling the relative safety, adversity, or reliability of living condi-
tions. According to life history theory (Stearns, 1992), the quality of parental 
care provides cues concerning these conditions to which developing organisms 
must adapt to function more effectively in those settings. Life history theory 
has provided a framework for understanding, for example, the association of 
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early maternal care and attachment security with later outcomes such as risk 
taking, pubertal timing, and reproductive strategy (e.g., Belsky, Steinberg, 
Houts, Halpern- Felsher, & NICHD Early Child Care Research Network, 2010; 
Chisholm, 1996). In this view, the support or harshness of early caregiving expe-
rience signals broader environmental safety or adversity, and the adaptations 
that result are both biological and behavioral in nature, deriving from common 
experiential catalysts, to ensure survival and reproductive success.

It would be expected that the quality of parental care would be the pri-
mary avenue for conveying environmental cues concerning safety or danger to a 
young organism. And, as the fetal malnutrition research illustrates, it would not 
be surprising to find that sensitivity to these cues begins before birth. Elevated 
and extended prenatal exposure to maternal cortisol owing to the mother’s 
stress, for example, is associated with a larger neonatal cortisol response and 
slower recovery (Davis, Glynn, Waffarn, & Sandman, 2011). In one prospec-
tive longitudinal study, maternal depression during pregnancy was associated 
with heightened cortisol levels when infants were observed at 3 months in a 
moderately challenging procedure (Oberlander et al., 2008). In another longi-
tudinal study, early gestational exposure to maternal cortisol was associated 
with emotional difficulties and larger volume in the right amygdala in girls at 
age 7 (Buss et al., 2012). These findings are consistent with substantial animal 
research documenting heightened stress reactivity in the offspring of experimen-
tally stressed pregnant females (Weinstock, 2008). Prenatal stress exposure con-
tributes to changes in developing neurobiological systems that help to account 
for children’s greater reactivity to challenge and threat, consistent with the view 
that these prenatal conditions foster biological adaptations to a postnatal life of 
adversity and challenge.

These “fetal programming” effects anticipate the effects of direct experi-
ences of stress after children are born. There is growing evidence that early 
adversity and stress alter developing biological systems as well as behavior. In 
a longitudinal study of children living in poverty, for example, environmen-
tal characteristics like poor housing quality, economic strain, and poor par-
enting were associated with disrupted activity of the hypothalamic– pituitary– 
adrenocortical (HPA) axis, a major component of biological stress reactivity, 
in children from 7 months to age 4 (Blair et al., 2011). Another study of poor 
children found that toddlers living in families characterized by violence between 
parents and mothers’ “emotional unavailability” to the child also exhibited 
disruptions in normal HPA activity (Sturge-Apple, Davies, Cicchetti, & Man-
ning, 2012). In older children, dysregulated HPA activity was associated with 
lower family socioeconomic status, and older children showing this pattern of 
HPA disruption were more likely to have mothers with symptoms of depression 
(Lupien, King, Meaney, & McEwen, 2000). Children exposed to chronic stress, 
which is associated with poverty, family conflict, and/or parenting problems, 



 9. Introduction to Part III 193

exhibit atypical patterns of biological stress responding that are adaptations to 
the aversive environmental conditions in which they live.

Contrary to the concept of “toxic stress,” however, there are at least two 
kinds of HPA dysregulation that have been identified in children in these cir-
cumstances (Bruce, Gunnar, Pears, & Fisher, 2013). In one, children become 
hyperreactive to stress in the form of higher basal or acute HPA levels that may 
reflect adaptations to chronic threat or danger. In another, children become 
hyporesponsive in the form of suppressed HPA reactivity or lower basal levels 
that may develop in response to the deprivation or withdrawal of social support. 
These different patterns are important, especially in their association with dif-
ferent aspects of parental nurturance— protection from threat and nurturant 
care—that likely constitute significant cues to young organisms about the safety 
or danger of the world in which they live. They also illustrate the associations 
between contextual challenge, relational experience, and the organization of 
biological systems in young children.

Children in conditions of chronic stress also exhibit behavioral problems, 
such as heightened vigilance, emotional reactivity, and self- regulatory difficul-
ties that may be manifested in poorer coping, cognitive and attention prob-
lems, poorer emotion regulation, and difficulty in social functioning (Blair & 
Raver, 2012; Evans & Kim, 2013). These behavioral problems are associated 
with dysregulation of the HPA system and its effects on the limbic and cortical 
systems that regulate HPA activity, including prefrontal areas and limbic struc-
tures, especially the amygdala, hypothalamus, and hippocampus (Ulrich-Lai 
& Herman, 2009). Thus, consistent with a biopsychosocial model, the behav-
ioral characteristics of children in chronic stress have complex and multifaceted 
biological bases. Moreover, chronic stress is associated with other biological 
challenges that further contribute to these behavioral consequences. Stress is 
associated with sharp increases in autonomic activity, including elevated blood 
pressure, sleep disruptions, and other correlates (El- Sheikh & Erath, 2011). 
Stress also undermines immune response to infectious challenges, increasing 
cytokine response and generally embedding “proinflammatory tendencies” into 
biological functioning (Miller, Chen, & Parker, 2011). Considered together, the 
biological and behavioral correlates of chronic stress, especially experienced 
in childhood, are consistent with the portrayal of allostatic load: the progres-
sive dysregulation of biological systems attributable to the long-term effects of 
chronic stress activation (Danese & McEwen, 2012).

Biopsychosocial research on the effects of chronic stress in the early years 
is consistent with the model of a biologically dynamic, experience- driven devel-
opmental system, in which biological and behavioral systems adapt to cues 
concerning the environmental conditions in which children must live. If early 
experiences of family conflict, limited resources, and poor parenting signal the 
continuing probability of aversive conditions, then it makes sense that biological 
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systems reorganize to contribute to the allocation of mental resources to threat 
vigilance, foster quick and strong reactions to perceptions of danger, enable 
rapid mobilization of energy, and related characteristics. There are, of course, 
important trade-offs to such an orientation. Mental resources devoted to vigi-
lance cannot as readily be devoted to learning, problem solving, and other 
long-term investments in general behavioral competence. A social orientation 
to threat detection also makes it more difficult to develop constructive relation-
ships. Moreover, a behavioral pattern adapted to conditions of adversity based 
on family experience may be poorly suited to other settings— such as at school 
and with peers—that require a different and more constructive repertoire of 
behavioral skills. These biological adaptations are also taxing. Consistent with 
the concept of allostatic load, considerable research documents the long-term 
physical and mental health vulnerabilities of individuals who grow up or live in 
conditions of chronic stress (Danese & McEwen, 2012).

Fortunately, studies of early stress reactivity also document the social buff-
ering of stress for children. Stated simply, when caregivers can provide social 
and emotional support to children experiencing threat or challenge, children’s 
reactivity is diminished and over time HPA functioning can become normalized 
(Hostinar, Sullivan, & Gunnar, 2014). This conclusion, which has been demon-
strated in studies with children and animals, further illustrates the biopsycho-
social connections among context, psychological functioning, and biological 
organization. It also provides the basis for considering the kinds of interventions 
that might benefit children experiencing chronic stress, especially because their 
parents are likely to be stressed by the same conditions that create difficulty for 
children, or parents themselves are sources of stress. In either case, it is impor-
tant either to help parents provide a more safe, secure caregiving environment 
for their offspring (in the form of two- generation interventions), or to enlist 
other adults who can do so, to better buffer stress for children (Thompson & 
Haskins, 2014).

There are a number of illustrations of interventions for young children in 
adversity that have been guided by an appreciation of the interaction of context, 
relationships, and biological functioning. Intervention studies of young children 
in foster care by Phil Fisher and Mary Dozier show, for example, that when 
foster parents were provided support to reduce their own stress and guidance in 
developing warm, responsive relationships with foster children that encouraged 
the child’s self- regulation, children showed progressively more typical patterns 
of HPA reactivity over the course of the intervention (Dozier, Peloso, Lewis, 
Laurenceau, & Levine, 2008; Dozier et al., 2006; Fisher, Stoolmiller,  Gunnar, 
& Burraston, 2007; Fisher, Van Ryzin, & Gunnar, 2011). In each study, more-
over, foster children showed increasing evidence of developing supportive attach-
ments to their foster parents. Another research team showed that after 3½ years 
of participation in a conditional cash- transfer antipoverty program in Mexico, 
preschool children showed more typical levels of basal HPA functioning, and 
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children of the most depressed mothers showed the greatest benefit (Fernald & 
Gunnar, 2009). In another example, an intervention program for at-risk 4-year-
olds was shown to be effective in normalizing cortisol reactivity and this led, in 
turn, to reductions in children’s aggression by the follow- up assessment (O’Neal 
et al., 2010). Each of these studies illustrates the coordinated changes in behav-
ior and biology in children deriving from biologically informed interventions 
to alter the social context of their lives to increase support and the buffering of 
stress.

There are limits, of course, to the social buffering of children’s stress reactiv-
ity. The interventions described in these studies occurred over periods of months 
or years, underscoring that such benefits do not come easily or quickly. More-
over, other studies have shown that for young children in extremely aversive 
circumstances, even years of supportive adoptive care were ineffective in foster-
ing HPA axis recovery (Gunnar, Morison, Chisholm, & Schuder, 2001). But in 
addition to providing further illustration of experience- driven developmental 
changes in biological functioning, these studies also highlight the importance of 
their relational context. In most of these interventions, researchers focused on 
improving caregiver responsiveness and warmth, often by removing sources of 
stress on the adult’s experience, so they could provide more reliable support to 
children under stress. This suggests the importance of relational support in the 
family environment to the stability and normalization of biological and behav-
ioral stress reactivity, and of the significance of two- generation interventions to 
accomplish this in children at risk (Thompson, 2014).

The research on early stress reactivity is important for several other reasons. 
First, in documenting how early adversity “gets under the skin” to affect the 
developing organization of multiple biological systems, these studies cast a fresh 
light on the challenges of children who live in poverty, dysfunctional families, 
or other aversive conditions. Academic underachievement, behavioral problems, 
and the self- regulatory difficulties characteristic of children in chronic stress 
derives, in part, from the “biological programming” of early experience (Farah 
et al., 2006; Hackman & Farah, 2008). Understanding the biopsychosocial ori-
gins of these behavioral problems provides a corrective to simple characteriza-
tions of these children as difficult, uncooperative, or unmotivated, and suggests 
that providing social support as a stress buffer may be important to promoting 
early cognitive and social competence. Second, these studies highlight the value 
of biologically informed interventions to provide assistance, focused especially 
on relational support as a buffer on stress and self- regulatory assistance to fos-
ter behavioral competence. These interventions can occur in the family or in 
out-of-home care and early education settings. Concerning the latter, research- 
informed interventions to strengthen the self- regulatory skills in children at 
risk in their preschool programs have been shown to be effective in strengthen-
ing social and cognitive competencies (e.g., Raver et al., 2009, 2011). Third, 
research on stress reactivity underscores the importance of early intervention in 
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light of the relative plasticity of developing biological and behavioral systems in 
the early years (Thompson & Haskins, 2014). Studies of the experiential shap-
ing of the HPA system and other biological processes add weight to a focus on 
the early years for the identification of children at psychosocial risk and inter-
vention to assist them.

Developing emotion Regulation

Understanding the development of emotion regulation and the origins of indi-
vidual differences in self- regulatory capability is also important for scientific and 
practical reasons. Emotion regulation is associated with social competence, aca-
demic achievement, and personal well-being (Calkins & Leerkes, 2011; Thomp-
son, 2015), and distinguishing children with developmentally appropriate skills 
from those who struggle with emotional self- control has been a long- standing 
focus of research and intervention. This is especially true in developmental psy-
chopathology in which poor emotion self- regulation is a typical correlate of chil-
dren with internalizing or externalizing disorders, who are maltreated or living 
in troubled families, or face other challenges (see, e.g., Kring & Sloan, 2010). 
Parents are also concerned with fostering competent emotion regulation in off-
spring. Because parents typically overestimate how much young children can 
manage their feelings, conflict between these expectations and children’s actual 
self- regulatory abilities can be a family challenge (Newton & Thompson, 2010).

As a biopsychosocial process, therefore, the development of emotion regu-
lation integrates influences from socialization and culture with neurobiologi-
cal maturation and with children’s understanding of emotion management. In 
interaction over time, these processes contribute to the development of self- 
regulatory competence through the maturation of prefrontal brain regions, the 
growth of executive functions, better understanding of cultural expectations 
for emotional control, more sophisticated representations of emotion regulation 
strategies, and the support and coaching of parents and other adults (Thomp-
son, 2011, 2015). Emotion regulation is, however, a biologically dynamic, 
experience- driven developmental process. Although it is typical to think of chil-
dren becoming progressively more competent at emotional self- regulation as 
they mature, some developmental transitions— such as during adolescence— can 
conditionally undermine self- regulatory competence. According to some views, 
vulnerability to emotion- instigated risk taking increases during adolescence 
because of rapidly developing subcortical brain areas and hormonal changes 
accompanying puberty that enhance sensitivity to social reward, while prefron-
tal cortical areas that underlie self- regulation remain relatively immature (Casey 
& Caudle, 2013). These biological changes pose challenges to effective emotion 
self- regulation in certain circumstancees, especially in the context of peer expe-
riences that enhance these vulnerabilities.
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The development of emotion regulation is biologically dynamic and experi-
ence driven in other ways. Following traditional models of emotion, the devel-
opment of emotion regulation is often portrayed as the imposition of cognitive 
controls (such as executive functions) or cortical controls (such as prefrontal 
cortical regulation) to inhibit emotional activation. This view is useful but 
incomplete because of the mutual influences of many brain areas relevant to 
emotion activation and control. Contemporary research on the neurobiology of 
emotion indicates that responses to emotional stimuli activate complex neural 
networks that are widely distributed throughout the brain, integrating areas 
typically regarded as important to emotion activation (including the amygdala, 
hypothalamus, brain stem, and striatum) with those viewed as crucial to emo-
tion regulation (including the lateral and medial prefrontal cortex and anterior 
cingulate). There is increasing evidence from neuroimaging studies that these 
multilevel emotion- relevant areas are coactive in response to emotion stimuli 
rather than functioning primarily in activation– inhibition associations (Kober 
et al., 2008; Ochsner et al., 2009; Ulrich-Lai & Herman, 2009). Stated differ-
ently, emotion regulation can function in a conventional “top-down” fashion 
(such as how prefrontal processes regulate amygdala function) or in a “bottom-
 up” fashion (such as how conditioned fear arising from limbic processes alters 
higher- level threat detection).

The mutual, bidirectional influences between higher and lower brain sys-
tems makes emotion regulation a more dynamic process than a simplified inhib-
itory model because of the multiple sources of regulatory influence throughout 
the system. This is true of both typical and atypical functioning. Affective psy-
chopathology is associated, for example, with disrupted interactions between 
cortical and limbic systems that normally function to modulate emotional 
arousal. This has been found in studies of depression and anxiety in children 
and adults, with changes in the functioning and coordination of limbic and 
cortical emotion- related areas coinciding with treatment efficacy (Johnstone, 
van Reekum, Urry, Kalin, & Davidson, 2007; Lewis et al., 2008; Nitschke et 
al., 2009). Thus, risk for affective psychopathology can arise from various levels 
of the neurobiology of emotion and their interaction, with different potential 
avenues for therapeutic intervention (Ochsner et al., 2009).

These neurobiological systems are also shaped by the quality of early experi-
ence and thus reflect developmental history (Calkins & Hill, 2007). This conclu-
sion is consistent with the research reviewed earlier on the development of stress 
reactivity and the social buffering of stress that highlighted the potential for 
the development of dysregulated patterns of emotional reactivity in conditions 
of inadequate care. Neurobiological systems governing self- regulation, such as 
parasympathetic regulation, are also developmentally influenced by the qual-
ity of early experience, particularly the nurturance and support of caregivers 
(Propper & Moore, 2006). In many respects, it would be surprising not to find 
this to be true. Responding appropriately to emotional stimuli requires adapting 
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the organization of biological and behavioral emotion systems to cues concern-
ing environmental threat or security conveyed by the quality of parental care. 
In aversive circumstances, emotions systems affording sensitivity to threat and 
quick and strong reactivity are more likely to benefit the organism than those 
promoting emotion modulation and complex secondary appraisals of events.

Early experiential influences on developing systems of emotion and self- 
regulation can have far- reaching consequences, moreover, if they contribute to 
biases in emotion appraisals encoded in the functioning of neurobiological sys-
tems involved in emotional arousal. Fear conditioning is one example of how 
early experience can enhance perceptual sensitivity to cues of danger at lower 
levels of the neuroaxis that bias higher- level emotion appraisals (Ochsner et al., 
2009; Surguladze et al., 2003). Early emotional biases can have enduring influ-
ences on emotion responding in part through their influence on higher cogni-
tive processes (e.g., anxious rumination; Calkins & Hill, 2007). In one study, 
2-year-olds who were behaviorally identified as emotionally inhibited or unin-
hibited were later studied as adults, and functional magnetic resonance imaging 
(fMRI) analyses revealed heightened amygdala activation in the inhibited group 
when viewing novel (vs. familiar) faces, but no differences in the uninhibited 
group (Schwartz, Wright, Shin, Kagan, & Rauch, 2003). Early experience is 
important for the developing organization of emotion- relevant neurobiological 
systems and their interaction.

In concert with these neurobiological changes, early experiences also influ-
ence the development of behavioral strategies of emotion self- regulation. From 
a functionalist perspective, children (and adults) manage their emotions to 
accomplish goals, and these goals are both developmentally changing and socio-
culturally shaped (Thompson, 2011, 2015). Children increasingly understand, 
for example, that some ways of responding emotionally may be more appropri-
ate when parents are present than with peers because of the responses they can 
expect from each partner (Thompson & Waters, 2010). In other contexts, emo-
tion regulation strategies are adapted to the specific, sometimes powerful, emo-
tional demands of everyday experience. Young children who are behaviorally 
inhibited and prone to anxiety disorders show hypervigilance in situations asso-
ciated with fearful events, attentionally orienting to anxiety- provoking stimuli, 
with a tendency to construe benign situations as disproportionately threaten-
ing (Fox, Henderson, Marshall, Nichols, & Ghera, 2005). These appraisal and 
preappraisal processes develop to accomplish the immediate goal of avoiding 
anxiety- provoking events despite their broader dysfunctional consequences for 
behavioral competence. Children in families characterized by frequent marital 
conflict engage in strategies to preserve a sense of security in their parents’ rela-
tionship but which also render them more vulnerable to emotional problems. 
These strategies include trying to mediate, comfort, or pacify parents; aggress-
ing against one or both parents; and maintaining perceptual vigilance to cues of 



 9. Introduction to Part III 199

impending conflict, with each strategy potentially costing further enmeshment 
in parental conflict (Davies & Woitach, 2008). Children who are maltreated 
maintain heightened vigilance for signs of adult anger that may foreshadow 
further abuse, and have difficulty attentionally disengaging from such cues 
even though it heightens their own emotional vulnerability (Pollak, 2008). This 
enables them to anticipate a potentially abusive encounter with an adult (and 
the possibility of avoidance or escape) even though this vigilance is emotionally 
demanding and socially costly when generalized to other partners. In these con-
texts, children’s emotion regulation strategies purchase immediate coping and 
potential relief from emotional challenges at the cost of longer- term behavioral 
competence and emotional well-being. Their strategies enable them to function 
more adaptively in the contexts in which these strategies develop, but they may 
not function comparably in other contexts. Emotion regulation is, for them, a 
double- edged sword.

An important task for biopsychosocial analysis is to better understand how 
these contextual demands on emotion regulation contribute to linked biologi-
cal, behavioral, and representational processes relevant to how children manage 
their emotions in these situations. How do the neurobiological systems mediat-
ing hypervigilance to danger or heightened reactivity to threat influence chil-
dren’s representations of emotion and their management? How do their strate-
gies for emotion regulation differ when escape or avoidance is possible compared 
with when it is not? For children whose HPA reactivity is hyporesponsive in the 
context of neglect or withdrawal of support, how do they represent emotional 
experience and its regulation? In what ways can the availability of extrafamilial 
social support function as a psychosocial and/or neurobiological buffer for such 
children (Thompson & Goodvin, in press)? These and other research questions 
arise from efforts to link biological, psychological, and contextual processes 
relevant to developing emotion regulation for at-risk children.

These questions underscore that simple characterizations of children in 
these circumstances as “emotionally dysregulated” is only the beginning of an 
incisive analysis of their management of emotion. Emotion regulation is effec-
tive only in relation to the contexts in which emotion is managed and the goals 
of the individual. For children in difficult contexts, the inherent trade-offs that 
are involved in purchasing immediate coping at the cost of longer- term behav-
ioral competence makes it easier to see why children in these contexts respond 
as they do, and why their longer- term adjustment is threatened as a result. The 
problem is not that they are deficient in coping skills, but that they are striving 
to cope with emotionally impossible demands with limited options. This rec-
ognition focuses attention to the kinds of assistance that might be possible to 
provide children with greater options for coping with difficult circumstances, 
including the availability of social support from individuals within and outside 
the family (Thompson & Haskins, 2014).
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Cautions, Caveats, and Conclusions

The contributors to this section, and to this volume, underscore the considerable 
scientific potential of biopsychosocial models of socioemotional development— 
and of development more generally. In addition to the opportunity to truly 
bridge the nature– nurture polarity, such models provide a forum in which to 
better understand the mutual influences of biology, behavior, and context. 
As researchers are increasingly understanding development as a biologically 
dynamic, experience- driven process, such models are increasingly warranted. 
Yet we have a long way to go toward realizing the scientific potential of this 
approach, and several obstacles to overcome along the way.

One obstacle concerns the limited state of our current understanding of the 
biology of human behavior. The astonishing advances in neuroscience, molec-
ular genetics, and developmental biology have both dramatically expanded 
current understanding and overturned conclusions that were conventional 
knowledge just a couple of decades ago. They invite humility in our current 
understanding of these biological foundations. In a scientific context in which 
different imaging studies indicate somewhat different psychological correlates 
of specified brain areas, where molecular genetics analyses struggle to replicate 
previously reported associations between specific alleles and behavioral char-
acteristics, and the “missing heritability” problem looms large (Plomin, 2013; 
Turkheimer, 2011), it is clear that researchers seeking to develop informative 
biopsychosocial models must seek clearer understanding of the biological side 
of this interaction.

This leads to a second obstacle: the challenge of connecting biology to 
behavior. Until our understanding of the behavioral correlates of the activation 
of specific brain regions or gene alleles is better specified, applications of neu-
roscience or molecular genetics to behavioral development risk misapplication 
and overgeneralization. This is especially true when the behavior we seek to 
explain biologically is nonspecific. One example is the current debate about the 
influence of developmental neurobiology on adolescent risk taking (Thompson, 
2012). As Casey and Caudle (2013) have noted, some brain-based explanations 
of adolescent risk taking have been overgeneralized to apply, it seems, to ste-
reotyped portrayals of the rebellious, delinquent teenager. This is a problem 
because the stereotype is not reality: only a small proportion of adolescents 
exhibit serious problems with drug use, criminality, and other risky behaviors 
(Steinberg, 2008). Thus, understanding how the neurobiological changes asso-
ciated with adolescence are behaviorally influential requires a more specific 
characterization of the behavioral vulnerability to be biologically explained (in 
this case, context- dependent challenges involving heightened reward, especially 
with peers). Biopsychosocial models need specific, research- based conceptual-
izations of behavior and biology to forge an informative integration.
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One reason it is challenging to connect biology with behavior is that we 
are informed and haunted by our history. Alongside the nature– nurture dichot-
omy, psychologists have long adopted a materialist orientation to psychologi-
cal phenomena, preferring biologically based explanations that appear tangible 
and perceptible over phenomenological explanations that, while also measur-
able, seem more subjective and even ethereal (see Barrett, 2009). Consequently, 
identifying the biological substrate of behavior is a more intuitively acceptable 
approach to understanding biopsychosocial processes than studying the psycho-
logical bases of biology, such as the experiential foundations of synaptogenesis 
or the emotional processes contributing to behavioral epigenetics. It will require 
time and effort to move beyond the materialist orientation of our history to fully 
appreciate the mutual influences of biology and behavior throughout develop-
ment and in psychological functioning.

A final, but formidable, obstacle to be overcome concerns the technologi-
cal innovations that simultaneously inform developmental science but can also 
misinform it. In a remarkable collection of articles about physiological measures 
of emotion from a developmental perspective (Dennis, Buss, & Hastings, 2012), 
contributors illuminated the uses of biological methods, recording technology, 
and statistical modeling and the interpretive pitfalls that can accompany their 
use. The timing of measurement in relation to the time course of emotion, the 
interpretation of biological activity in psychologically relevant terms, develop-
mental changes in biological systems, and the use of statistical methods (and sam-
ple sizes) appropriate to the amount of data generated are some of the challenges 
these authors profiled. These challenges should not, of course, deter developmen-
tal researchers from enlisting these methods into their studies, but they should 
instill thoughtful care and caution in their implementation and interpretation.

In a similar manner, these cautions and caveats concerning the future of 
research on biopsychosocial models of development derive from excitement 
concerning their scientific potential and the expectation that it will continue. 
We have a long way to go, but much progress has been made in reweaving the 
strands, and there is reason for excitement about the future.
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In this chapter, we examine the mechanisms by which the family environment 
and infants’ biological reactivity and regulation are related to infants’ emo-

tional development. Although emotional development during infancy involves 
the acquisition of a number of fundamental skills, we focus on studies that 
predict emotion and behavioral regulation because deficits in these areas have 
long-term implications for subsequent social relations, academic performance, 
and mental health (Calkins, 2009). We recognize that the family context begins 
to exert an effect on infants’ biological development and subsequent well-being 
during the prenatal period (e.g., Luecken et al., 2013), but inclusion of this 
rapidly growing literature is beyond the scope of this chapter. Thus we focus 
on the postnatal family context, specifically maternal and paternal caregiving 
behavior, and expressed affect and interparental relationship dynamics. Two 
biological systems are addressed: the hypothalamic– pituitary– adrenocortical 
(HPA) system and the parasympathetic branch of the autonomic nervous system 
(PNS) with an emphasis on infant vagal regulation. We lay out three pathways: 
(1) sensitive parental behavior, regulated parental affect, and harmonious cou-
ple dynamics promote adaptive physiological arousal and regulation, which in 
turn support children’s adaptive emotional development; (2) the family context 
interacts with infants’ physiological reactivity and regulation to predict subse-
quent emotional development; and (3) infant characteristics, including physi-
ological arousal and regulation, and the family context influence each other and 
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subsequent child outcomes via a series of transactions. Recommendations for 
future research are noted throughout the review.

Overview of Relevant Biological Systems and Links 
with emotional Development

Constitutionally based individual differences in reactivity to the environment 
and the ability to regulate that reactivity, referred to as temperament, is widely 
accepted to set children on distinct developmental trajectories that influence 
later socioemotional outcomes, and this perspective has existed, in at least rudi-
mentary form, for over a century (Rothbart, 2011). For example, infants who 
are easily distressed and struggle to regulate their distress effectively are pre-
disposed to later psychopathology (Crockenberg, Leerkes, & Barrig Jo, 2008). 
Efforts to understand the biological mechanisms that underlie these individual 
differences and to understand how they work in conjunction with the environ-
ment to predict subsequent outcomes have proliferated in recent decades with 
attention to neural activation in specific brain regions and hormonal and auto-
nomic responses to stressful and nonstressful stimuli (Fox, Henderson, Pérez-
Edgar, & White, 2008). Two biological systems that have received a good deal 
of attention in the literature to date are the HPA system and the PNS. Focus 
on these systems is well justified in the study of infant emotional development 
because both (1) are demonstrated to “come online” in early development, (2) 
are of integral importance to the regulation of state and mood, (3) are well- 
grounded in parallel animal research, and (4) have reasonably good methods in 
place to measure their functioning in infancy and beyond.

The HPA System

The HPA axis is a neuroendocrine system believed to underlie links between 
family context and children’s emotional and behavioral health. When exposed 
to stress the HPA axis is activated and a hormonal cascade is set into motion. 
Corticotropin- releasing hormone (CRH) is secreted from the hypothalamus- 
stimulating production of adrenocorticotropic hormone (ACTH) in the ante-
rior pituitary. These processes result in the release of glucocorticoids from the 
adrenal cortex that contribute to negative feedback by binding to glucocor-
ticoid receptors that inhibit production of additional CRH and ATCH. This 
negative feedback loop represents HPA system effort to maintain homeosta-
sis. In humans, cortisol is the primary glucocorticoid released and is a com-
monly assessed measure of HPA activity (see Gunnar & Cheatham, 2003, for a 
review). A temporary increase in cortisol production in response to acute stress 
is adaptive, and the cortisol stress response is detectable at birth (Jansen, Beijers, 
Riksen- Walraven, & de Weerth, 2010; Gunnar & Cheatham, 2003). Although 
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cortisol production typically increases in response to stress, basal levels of cor-
tisol are necessary for the developing brain, and cortisol plays a pivotal role in 
metabolic and immune functioning (Sapolsky, Romero, & Munck, 2000). A 
typical diurnal pattern of basal cortisol production that peaks upon awakening 
then declines across the day is evident by 12 months (Larson, White, Cochran, 
Donzella, & Gunnar, 1998; Watamura, Donzella, Kertes, & Gunnar, 2004).

Although cortisol production in response to stress is adaptive in the 
moment, accumulating evidence suggests that chronic activation of the HPA 
axis in infancy and early childhood contributes to dysregulated HPA function-
ing (Gunnar & Vazquez, 2001, 2006; McEwen, 2012). Dysregulated HPA func-
tioning as a consequence of stress exposure may be reflected through either 
hyper- or hypoactivity of the HPA axis, the direction of which is hypothesized 
to depend on the chronicity, timing, and severity of stress exposure (Bruce, 
Gunnar, Pears, & Fisher, 2013; Miller, Chen, & Zhou, 2007; Tarullo & Gun-
nar, 2006). Hypercortisolism, excessive activation of the HPA axis, may mani-
fest itself as an initial response to chronic stress as the neuroendocrine system 
repeatedly mobilizes itself to prepare for threat. This increasing sensitivity of the 
HPA axis is reflected in an exaggerated cortisol stress response. However, over 
time repeated stress exposure may result in a down regulation of the HPA axis 
as the system attempts to maintain homeostasis and adapt to contextual stress-
ors. Consequently, hypocortisolism is reflected in a blunted diurnal rhythm 
(attenuated basal cortisol upon awakening), as well as a blunted cortisol stress 
response.

Both hypo- and hyperactivity of the HPA axis have the potential to exert 
influence on infant emotion regulation and behavior problems. Hypercorti-
solism may spill over to increased stress sensitivity in affective and behavioral 
domains of functioning, placing infants at risk for difficulties with emotional 
and behavioral regulation (Repetti, Taylor, & Seeman, 2002). Supporting this 
perspective, infant cortisol in response to stress at 6 months was positively asso-
ciated with maternal ratings of infant negative affect in later infancy and early 
childhood (Huot, Brennan, Stowe, Plotsky, & Walker, 2004). Recent meta- 
analyses suggest that higher basal cortisol is linked with higher externalizing 
problems among preschoolers (Alink et al., 2008) and a diagnosis of depression 
in childhood and adolescence (Lopez-Duran, Kovacs, & George, 2009). In con-
trast, hypocortisolism may contribute to attenuated behavioral and emotional 
responsiveness to stress, and subsequently place infants at risk for difficulties 
responding to and processing emotion (Susman, 2006). Consistent with this 
possibility, an attenuated profile of both basal cortisol and cortisol stress reac-
tivity was associated with higher internalizing symptoms (Badanes, Watemura, 
& Hankin, 2011), and attenuated basal cortisol was linked to lower effortful 
control (Zalewski, Lengua, Kiff, & Fisher, 2012) and more adjustment problems 
(Lengua, Zalewski, Fisher, & Moran, 2013) among preschoolers. Moreover, 
emerging evidence suggests that exposure to atypical patterns of HPA activity 
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in infancy and early childhood has lasting effects on brain architecture and 
neurocircuitry involved in learning, memory, and social information process-
ing (Shonkoff et al., 2012). Consequently, the HPA axis is a relevant biological 
system for emotional development in infancy.

The PNS

The autonomic nervous system is responsible for controlling a number of organs 
and their function in response to the environment and consists of two distinct 
branches. The sympathetic branch is linked with reactivity to the environ-
ment that promotes a fight-or- flight response. Although there is some excit-
ing evidence linking the caregiving context to infants’ sympathetic functioning 
and infants’ sympathetic functioning to well-being (e.g., Hill- Soderlund et al., 
2008), there is a richer body of work in relation to infants’ autonomic func-
tioning in the parasympathetic branch as indexed by the vagal system, hence 
we focus on the latter. The parasympathetic branch of the autonomic nervous 
system influences the manner in which individuals regulate their state, emo-
tions, and behavior (Porges, 2003). Of particular interest, the vagus nerve sends 
input to the heart that causes changes in cardiac activity that allows the body 
to transition between sustaining metabolic processes and generating responses 
to the environment (Porges, 2007). This parasympathetic influence on heart 
rate can be readily measured in infants by measuring the variability in heart 
rate that occurs at the frequency of spontaneous breathing known as respira-
tory sinus arrhythmia (RSA). In the absence of a stressor, high vagal tone is 
considered adaptive because it maintains homeostasis (i.e., a steady low heart 
rate) and allows for a greater response or larger reduction when environmental 
stressors occur. Thus, high resting vagal tone is generally viewed as a physio-
logical marker of socioemotional adjustment and competent emotion regulation 
(Porges, 2007). Consistent with this view, prior research indicates that infants 
with high resting vagal tone demonstrate greater attention to and appropriate 
reactions to changes in the environment, better behavioral and physiological 
regulation when presented with stressors, and fewer behavior problems over 
time (see Propper & Holochwost, 2013, for a review).

Vagal withdrawal that reflects vagal regulation of the heart when an organ-
ism is challenged is indexed by decreases in RSA during situations where coping 
or emotional and behavioral regulation are required (Porges, 2003, 2007). Vagal 
regulation is often described as the functioning of the “vagal brake” because a 
decrease, or withdrawal, in vagal input to the heart has the effect of stimulating 
increases in heart rate. During demanding tasks, such a response reflects physi-
ological processes that allow the infant to shift focus from internal homeostatic 
demands to other demands that require internal processing such as the genera-
tion of coping strategies to control affective arousal. Thus, vagal withdrawal 
is thought to be a physiological strategy that supports active coping (Porges, 
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1991). Consistent with this view, infants’ greater vagal withdrawal during chal-
lenge is associated with the use of more adaptive regulatory behaviors, greater 
soothability, fewer behavior problems, and greater sociability both concurrently 
and over time (see Calkins, 2011; Propper & Holochwost, 2013, for reviews).

In sum, evidence supports the view that individual differences in HPA and 
PNS functioning in infancy and early childhood predict children’s subsequent 
emotional well-being. Next we turn to the role of the family context in promot-
ing adaptive HPA and PNS functioning during infancy. We begin with the role 
of caregiving.

Links between Caregiving  
and the infant’s Biological arousal and Regulation

Sensitive caregiving (i.e., consistent prompt responses to infant signals that are 
appropriate to the signal, context, and infant’s developmental level) is positively 
associated with indicators of infants’ emotional well-being including secure 
attachment, adaptive emotion regulation, and fewer behavior problems (Crock-
enberg & Leerkes, 2011). It has been argued that sensitive caregiving is linked 
with these outcomes because it promotes trust in the caregiver that needs will 
be met, models and reinforces effective self- regulation and social behavior, 
and instills a sense of competence each of which promote adaptive develop-
ment (Leerkes, Blankson, & O’Brien, 2009). However, different mechanisms 
are likely at play for caregiving behavior to influence infants’ biological reac-
tivity and regulation. In fact, drawing on his work with rodents, Hofer (1995) 
argued that specific elements embedded in sensitive caregiving such as touch, 
body heat, the nutrients in milk, and maternal scents operate as “hidden regula-
tors” that affect infant physiology and behavior in the moment and over time. 
For example, experimental evidence demonstrates that rats that experience 
maternal separation or poor caregiving have higher heart rates, greater HPA 
reactivity to mild stressors, and less adaptive behavior during stressful tasks 
compared with rats experiencing normal maternal care (Hofer, 1995; Meaney 
& Szyf, 2005; Sánchez, Ladd, & Plotsky, 2001). This impressive body of work 
has greatly influenced efforts to understand links between caregiving and stress 
reactivity and regulation among humans.

Caregiving and Infant HPA Functioning

Consistent with the animal literature, the human infant HPA system is regu-
lated by social interaction (Gunnar & Donzella, 2002; Levine, 2005). At birth, 
healthy infants exhibit a strong cortisol stress response but over time infants 
have been observed to enter into a “hyporesponsive period” in which the cor-
tisol stress response dampens, presumably to protect the developing brain 
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(Gunnar & Quevedo, 2007). Sensitive caregiving, characterized by consistent 
and appropriate responses to infant distress, is theorized to maintain the hypo-
responsive period by promoting a sense of safety and security for the infant and 
thus buffering the HPA axis from stress (Gunnar, 1998; Gunnar & Donzella, 
2002). In contrast, unresponsive parental care, deprived rearing environments, 
and maltreatment contribute to activation of the HPA system and a shortened 
hyporesponsive period that results in atypical patterns of cortisol production for 
the developmental stage (Dozier, Peloso, Lewis, Laurenceau, & Levine, 2008; 
Tarullo & Gunnar, 2006).

Consistent with this view, sensitive maternal behavior (sometimes inferred 
from a secure or organized mother– infant attachment) is associated with more 
adaptive HPA functioning including quicker cortisol recovery from a range of 
stressors including bathing, physical or emotional separation from the mother, 
and tasks designed to elicit frustration and fear, reflecting regulation, during 
infancy (see Gunnar & Vazquez, 2006; Repetti, Robles & Reynolds, 2011, for 
reviews). Recent evidence suggests a comparable concurrent effect for sensitive 
paternal behavior independent of maternal behavior (Mills- Koonce et al., 2011). 
Moreover, evidence from recent randomized control trials for maltreated infants 
and infants in foster care support causal interpretations by demonstrating that 
infants randomly assigned interventions designed to enhance parenting quality 
demonstrated more adaptive HPA functioning than infants in control condi-
tions (Cicchetti, Rogosch, Toth, & Sturge-Apple, 2011; Dozier et al., 2008).

Recently, scholars have identified links between specific parenting practices 
highly related to the hidden regulators identified by Hofer (1995) and infants’ 
cortisol reactivity and regulation. For example, cosleeping predicted lower cor-
tisol reactivity following bathing at 5 weeks of age (Tollenaar, Beijers, Jansem, 
Riksen- Walraven, & de Weerth, 2011) and during the Strange Situation at 12 
months (Beijers, Riksen- Walraven, & de Weerth, 2013), independent of a host 
of controls including maternal sensitivity for both and infant attachment status 
for the latter. Likewise, longer breast- feeding duration predicted more rapid 
 cortisol recovery following the Strange Situation at 12 months (Beijers et al., 
2013). However, a protective effect of cosleeping and breast- feeding on stress 
reactivity has not been observed during more severe stressors such as vaccina-
tions (de Weerth & Buitelaar, 2007; Davis & Granger, 2009; Larson et al., 
1998; Tollenaar et al., 2011). Finally, infants in a modified still-face procedure, 
in which mothers were allowed to touch them, demonstrated lower cortisol reac-
tivity and higher subsequent recovery than infants in the traditional still-face 
procedure without maternal touch (Feldman, Singer, & Zagoory, 2010). Thus, 
it appears that engagement in proximal parenting behaviors in early infancy is 
related to more optimal HPA responding to mild stressors.

Although large-scale prospective investigations of the long-term effects of 
early caregiving on subsequent HPA functioning are scant, the available evidence 
is generally consistent with key hypotheses derived from the animal literature 
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about the importance of early caregiving for later stress regulation. That is, 
the association between sensitive caregiving during infancy and adaptive HPA 
functioning is still apparent in later childhood and adolescence (Murray, Hal-
ligan, Goodyer, & Herbert, 2010; Schmid et al., 2013), demonstrating lasting 
effects of early care on stress regulation. Moreover, maternal sensitivity assessed 
during infancy but not at age 5 was related to adaptive HPA functioning among 
13-year-olds (Murray et al., 2010), demonstrating the unique importance of 
early relative to later caregiving experiences.

Caregiving and Infant PNS Functioning

The animal literature has also influenced theorizing about how human care-
giving may influence the development of the PNS. Drawing on Hofer’s (1995) 
work, Feldman (2007) posits that synchronous social interaction between the 
caregiver and infant contribute to coordinated biological rhythms between the 
caregiver and infant that essentially promote physiological homeostasis reflected 
in high resting vagal tone. In turn, a characteristic pattern of high resting vagal 
tone may allow for greater vagal suppression when presented with a stressor 
(Propper & Holochwost, 2013). In contrast, negative or asynchronous inter-
actions with a caregiver may contribute to a characteristically low vagal tone 
as necessitated by the consistent need to self- regulate, which may hamper the 
ability to suppress further when presented with a stressor. Over time, chronic 
exposure to stress within the caregiving context could contribute to physiologi-
cal burnout resulting in underregulation over time (Hill- Soderlund et al., 2008).

Recently, Porges and Furman (2011) noted that vagal fibers continue to 
myelinate through adolescence with the most rapid period occurring early in 
life, and a greater number of myelinated vagal fibers should be linked with more 
adaptive vagal regulation. Although they focus on the likelihood that greater 
myelination of the vagus nerve promotes more adaptive social interaction, it 
may also be the case that features of the infants’ environment, including sensi-
tive caregiving, promote greater myelination of vagal fibers in early infancy, 
which in turn promotes more adaptive vagal regulation. For example, stimu-
lating social interactions with caregivers may provide important opportunities 
to both up regulate and down regulate vagal tone, which may contribute to 
activity- dependent myelination (Fields, 2005) of the vagus nerve. Although the 
exact mechanism remains uncertain, a good deal of evidence supports the view 
that early caregiving is linked with more adaptive vagal functioning among 
infants.

First, synchronous mother– infant interactions are linked with coordinated 
infant– mother heart rhythms (parallel accelerations or decelerations of heart 
rate within 1 second of each other; Feldman, Magori-Cohen, Galili, Singer, 
& Louzoun, 2011), higher basal vagal tone (Porter, 2003), and a normative 
response pattern during the still-face paradigm (i.e., greater vagal withdrawal 
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during the still-face episode than the normal face-to-face play periods; Moore 
& Calkins, 2004). Second, sensitive maternal behavior has been associated 
with better vagal regulation, whereas negative, harsh, or controlling maternal 
behavior has been associated with less adaptive vagal regulation in response to 
stressors (Calkins, 2011; Conradt & Ablow, 2010; Moore et al., 2009). Less 
normative vagal regulation (i.e., higher vagal suppression during mild stress-
ors and across contexts when other children display recovery) has also been 
demonstrated among infants with an insecure or disorganized attachment with 
mothers, which may be a product of a history of less sensitive maternal caregiv-
ing (Hill- Soderland et al., 2008; Frigerio et al., 2009; Oosterman, De Schipper, 
Fisher, Dozier, & Schuengel, 2010). Although links between mother behavior 
and infant vagal regulation have typically been assessed concurrently, some lon-
gitudinal evidence exists. Notably, maternal sensitivity at 5 months predicted 
infants’ increased vagal regulation during moderately frustrating tasks from 5 
to 10 months (Perry, 2013). Evidence from a randomized controlled intervention 
trial demonstrating that improved parenting was related to improved vagal reg-
ulation among young children from pre- to posttreatment provides compelling 
evidence that sensitive maternal behavior contributes to more effective vagal 
regulation over time (Graziano, Bagner, Sheinkopf, Vohr, & Lester, 2012).

Additionally, a good deal of evidence supports the notion that caregiver 
touch is related to better vagal functioning both in the moment and over time. 
For example, neonates demonstrated greater vagal regulation during a heel-stick 
procedure when held by their mothers (Gormally et al., 2001), and 6-month-old 
infants demonstrated more rapid vagal recovery (i.e., an increase in vagal tone) 
following the modified still face accompanied by touch compared with infants 
in the no-touch condition (Feldman et al., 2010). With regard to longitudinal 
effects, frequent skin-to-skin contact promoted more rapid vagal regulation 
(i.e., an increase in resting vagal tone over time) in a sample of preterm infants 
(Feldman & Eidelman, 2003), and frequent maternal stroking over the first 2 
months of life buffered infants from the negative effects of maternal depression 
on vagal regulation in response to a stressor at 7 months (Sharp et al., 2012). 
Despite the compelling data related to touch, it is important to note than when 
multiple modes of interaction were examined simultaneously, mother– infant 
synchronous gaze and affective communication were more predictive of coordi-
nated heart rhythms than was touch (Feldman et al., 2011), demonstrating the 
importance of caregiving modes other than touch among humans.

Caregiver Affect and the Infant’s Biological Arousal 
and Regulation

In addition to caregiving behavior, there is reason to believe that caregivers’ 
affect may play a role in shaping infants’ biological arousal and regulation, 
although much less research has been conducted on this possibility to date. 
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That is, infants who are exposed to frequent parental anger, sadness, anxiety, 
or depression may be at increased risk for regulatory difficulties via three path-
ways. First, it has primarily been argued that parental negative affect or affect 
dysregulation undermines sensitive caregiving because it promotes the parent’s 
focus on his or her own needs rather than the needs of his or her infant (Leerkes, 
2010). In turn, compromised caregiving is linked with infants’ poorer physi-
ological and behavioral regulation as reviewed above, suggesting an indirect 
effect of parental affect on infant emotional adjustment via caregiving behavior. 
In fact, positive associations between dysregulated parental affect (i.e., elevated 
symptoms of depression and anxiety) and infant physiological dysregulation 
have been demonstrated, but the possibility that these effects were mediated 
by caregiving behavior was not tested (e.g., Laurent, Ablow, & Measelle, 2011; 
Laurent et al., 2013; Schuetze, Eiden, & Danielewicz, 2009). It is also pos-
sible that caregiver affect influences infant stress physiology directly. For exam-
ple, maternal depression was associated with increased cortisol reactivity and 
reduced recovery in response to a mild stressor independent of insensitive mater-
nal behavior in two studies (Azar, Paquette, Zoccolillo, Baltzer, & Tremblay, 
2007; Feldman et al., 2009), suggesting that alternate mechanisms by which 
maternal affect influences infant physiology may exist, a point we return to 
below. Finally, parental negative affect and insensitive caregiving may have joint 
(i.e., interactive) effects on infant arousal and regulation. For example, in one 
study, young children demonstrated increased cortisol reactivity to a stressor 
only when their parents had a history of depression and engaged in hostile par-
enting behavior (Dougherty, Klein, Rose, & Laptook, 2011), suggesting that 
maternal negative affect is particularly likely to exacerbate infant reactivity in 
the context of insensitive caregiving.

In our own work, we have focused on mothers’ parenting- related affect, 
specifically their affect, arousal, and regulation in response to infant crying. 
Using this approach, we demonstrated a direct effect of maternal anxiety in 
response to crying on infant attachment resistance and an indirect effect of 
maternal anger in response to crying on infant attachment avoidance through 
mothers’ negative and punitive responses to infant distress (Leerkes, Parade, & 
Gudmundson, 2011). Preliminary results of our ongoing study of 259 mother– 
infant dyads also demonstrate the importance of mothers’ own physiological 
arousal and regulation while interacting with their infants in relation to subse-
quent infant adjustment. That is, infants whose mothers demonstrated physi-
ological dysregulation during a series of emotionally arousing caregiving tasks 
when they were 6 months old (i.e., high arousal as evidenced by skin conduc-
tance increases and poor regulation as evidenced by low vagal withdrawal rela-
tive to a resting baseline), were more likely to be classified as disorganized in 
the Strange Situation and to have elevated behavior problems at 13 months com-
pared with infants whose mothers were aroused but well regulated during the 
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caregiving tasks. Moreover, this effect of maternal dysregulation was not medi-
ated by observed maternal sensitivity and was independent of trait-like indica-
tors of mothers’ general emotional well-being including depressive symptoms. 
These results underscore the importance of examining aspects of parenting 
beyond direct caregiving behavior when trying to understand the effect of fam-
ily context on infants’ emotional development and suggest that greater attention 
to caregivers’ affect during parent– infant interaction is warranted.

Though these early results are exciting, an important unanswered ques-
tion is how might direct effects of maternal affect or emotional well-being on 
infant physiology and well-being occur? Recent work linking parental depres-
sion to infants’ HPA functioning rules out the possibility that such effects are 
solely accounted for by the prenatal environment or genetics. That is, in one 
study, patterns of elevated prenatal and/or postnatal maternal depressive symp-
toms were linked with infants’ poorer cortisol recovery poststressor (Laurent 
et al., 2011), demonstrating that effects of postnatal depression are not fully 
explained by prenatal depression. In the other study, adoptive mothers’ and 
fathers’ heightened depressive symptoms predicted infants’ lower daily cortisol, 
reflecting a blunted pattern and internalizing problems after controlling for the 
birth mothers’ depressive symptoms, suggesting an effect of caregiver affect and 
behavior over and above genetic risk for regulatory problems (Laurent et al., 
2013). Thus, we raise two possibilities as to how parental affect may be directly 
linked with infants’ physiological arousal and regulation. First, if mothers 
behaviorally express their negative affect in the infants’ presence it may cause 
the infant to become dysregulated via emotion contagion, and chronic exposure 
to parental negative affect may contribute to persistent activation of infants’ 
stress response systems and less effective regulation over time (i.e., “burnout”; 
Moore, 2009). Second, in the context of proximal caregiving, the physiological 
components of mothers’ affective dysregulation (e.g., rapid breathing, irregu-
lar heart rate, bodily tension) may contribute to infants’ physiological dysregu-
lation via synchronization leading to less optimal infant regulation over time 
(Feldman, 2007). Thus, parental negative affect may simultaneously increase 
infant arousal maximizing the infant’s need for external assistance with regula-
tion, while undermining the caregiver’s ability to provide the needed support.

Summary and Future Directions

Across both biological systems, there is clear evidence that caregiving is linked 
with infants’ physiological arousal and regulation in the moment and over 
time, which in turn predicts infants’ longer- term emotional well-being. How-
ever, a number of questions remain, and we believe work in this area would be 
advanced by the more precise measurement of caregiving, alternative research 
designs, and more attention to caregiving by fathers. First, multiple modes of 



216 PART III. SOCIAL AND EMOTIONAL PROCESSES 

caregiving behavior such as gaze, touch, and vocalizations should be rated over 
time to determine which modes of caregiving are particularly relevant to certain 
regulatory outcomes (Calkins, 2011). Second, specific dimensions of sensitivity 
should be measured separately to determine if maternal sensitivity to distress is 
more predictive of infants’ physiological regulation than is sensitivity to nondis-
tress as has been demonstrated for behavioral regulation (Leerkes et al., 2009). 
Third, additional work on specific parenting practices— such as breast- feeding, 
cosleeping, and other nighttime routines— is needed. Results of such work may 
point to other biologically mediated pathways by which parenting promotes 
physiological regulation. For example, it may be the case that sensitive bedtime 
routines promote better sleep, which in turn predicts adaptive physiological 
regulation, or that the effects of breast- feeding on biological regulation are a 
function of nutrition and not proximal care.

Two design features also warrant greater consideration. First, most of the 
existing work in this area is correlational. Additional small-scale experimental 
research, in which specific features of caregiving are manipulated (e.g., touch, 
no touch; gaze at vs. gaze away from infant; proximal vs. distal conditions) dur-
ing known stressors, and infants’ HPA and PNS responses recorded would offer 
valuable insight as to which features of caregiving are most relevant to infant 
reactivity and regulation in the moment. Second, most of this research is based 
on concurrent observations of caregiver and infant behavior during tasks in 
which the caregiver is the stressor (e.g., still-face procedure), which poses inter-
pretive challenges related to the direction of effects and generalizability of find-
ings to contexts in which the caregiver is not involved. Thus, additional work 
is needed in which infants’ physiological arousal and regulation are assessed 
across a range of stressors, some of which do not involve the caregiver.

Finally, it is clear that additional research on the links between paternal 
caregiving and affect and infants’ biological reactivity and regulation is needed. 
Compelling arguments as to why fathering may be particularly salient for regu-
latory processes have been made (e.g., the likelihood of rough-and- tumble play 
eliciting opportunities to regulate), but remain relatively untested with few 
exceptions (Laurent et al., 2013; Mills- Koonce et al., 2011). The extent to which 
maternal and paternal caregiving and affect are linked with infants’ biological 
regulation independent of (i.e., the relative predictive validity) or in conjunc-
tion with each other (i.e., interaction effects) remains unknown. Likewise, the 
extent to which factors such as the relative frequency with which mothers and 
fathers interact with their infants, the nature of the caregiving tasks in which 
they engage (e.g., comforting, play, bedtime), and the quality of the attach-
ment between the infant and each caregiver moderate these associations require 
attention. One area of research that has considered the role of both fathers and 
mothers, to some extent, is work linking couple dynamics to infants’ biological 
regulation.
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Links between interparental Dynamics  
and the infant’s Biological arousal and Regulation

The quality of the romantic relationship between parents represents a salient 
context for the development of infant emotion regulation. Theories of emotional 
security suggest that interparental conflict and dysfunction triggers emotional 
and physiological responses within the child that have the potential to under-
mine children’s sense of safety and security and consequently, long-term adap-
tation (Cummings & Davies, 2010). Additionally, discord in the interparen-
tal dyad has the potential to drain parents’ socioemotional resources and spill 
over to caregiver affect and parental behavior, contributing to difficulty with 
children’s emotional and behavioral regulation. Supporting this perspective, 
destructive interparental conflict characterized by verbal and nonverbal hos-
tility elicits infant distress, and depressive interparental conflict characterized 
by avoidance and withdrawal elicits infant frustration (Du Rocher Schudlich, 
White, Fleischhauer, & Fitzgerald, 2011). Furthermore, interparental aggres-
sion and conflict are negatively associated with maternal sensitivity (Finger, 
Hans, Bernstein, & Cox, 2009), which is linked with biological regulation as 
described above.

Despite knowledge that infants are more likely to be exposed to dysfunc-
tional interparental dyadic functioning in the form of interparental conflict and 
violence than are older children (Fantuzzo, Boruch, Beriama, & Atkins, 1997), 
the majority of research considering links between interparental relationship 
dynamics and child adjustment has focused on older children. Recent work, 
however, has demonstrated that marital conflict in the first year is linked with 
less adaptive emotion regulation at 6 months (Crockenberg, Leerkes, & Lekka, 
2007; Parade & Leerkes, 2011; Porter, Wouden- Miller, Silva, & Porter, 2003). 
Exposure to interparental violence may be particularly salient to infant emo-
tional health as evidenced by associations with heightened trauma symptoms 
(Dejonghe, Bogat, Levendosky, von Eye, & Davidson, 2005) and externalizing 
problems in toddlerhood (DeJonghe, von Eye, Bogat, & Levendosky, 2011).

Interparental Dynamics and Infant HPA Functioning

As described above, conflict in the interparental dyad induces an emotional 
and physiological stress response (Cummings & Davies, 2010). In particular, 
interparental violence and aggression threatens the infant’s sense of safety and 
well-being and results in activation of the HPA system (Davies, Sturge-Apple, 
Cicchetti, & Cummings, 2007). Over time, infants reared in highly conflic-
tual homes may exhibit patterns of hyper- or hypocortisolism, contributing 
to regulatory difficulties. Supporting this view, interparental violence, aggres-
sion, and impaired dyadic functioning are linked with higher basal cortisol in 
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toddlerhood, later childhood, and adolescence (Davies, Sturge-Apple, Cicchetti, 
Manning, & Zale, 2009; Pendry & Adam, 2007; Saltzman, Holden, & Hola-
han, 2005), and in toddlerhood these links are mediated by toddlers’ anger in 
response to interparental conflict (Davies et al., 2009).

Interparental conflict and aggression is also linked with context- specific 
infant cortisol reactivity. Recent research utilizing a simulated interparental 
conflict task in the laboratory demonstrated that interparental violence was 
linked with lower levels of cortisol reactivity to the conflict simulation at age 2 
(a blunted pattern), but was not associated with cortisol reactivity to the Strange 
Situation (Sturge-Apple, Davies, Cicchetti, & Manning, 2012). Likewise, care-
giver emotional unavailability was linked with lower cortisol reactivity to the 
Strange Situation but not to the conflict simulation. In contrast, intimate part-
ner violence was linked with higher cortisol stress reactivity to a frustration- 
and fear- evoking laboratory battery at 2 years, but only among infants whose 
mothers were less sensitive at 7 months (Hibel, Granger, Blair, Cox, & The 
Family Life Project Key Investigators, 2011). The mixed pattern of findings may 
be the result of differences in the intensity of conflict (i.e., verbal conflict vs. 
violence) or untested moderators, such as child characteristics. Consistent with 
the latter, interparental aggression was linked with heightened cortisol reactiv-
ity in response to the interparental conflict simulation among toddlers with an 
inhibited temperament, and was marginally associated with decreased cortisol 
reactivity among toddlers with a bold temperament (Davies, Sturge-Apple, & 
Cicchetti, 2011). This suggests that young children who are easily frightened 
are particularly susceptible to heightened arousal when confronted with inter-
parental conflict, placing them at greater risk for subsequent problems than 
uninhibited children when reared in a high- conflict family.

Interparental Dynamics and Infant Vagal Functioning

Similar to the influence of interparental conflict on infant HPA functioning, 
exposure to interparental conflict activates the PNS, and over time repeated 
exposure to conflict is believed to contribute to blunted vagal tone and vagal 
withdrawal (El- Sheikh & Hinnant, 2011). Supporting the perspective that inter-
parental conflict leads to blunting of PNS activity, interparental conflict was 
linked with lower basal vagal tone and lower vagal tone when interacting with 
the mother during the still-face procedure at 6 months (Moore, 2010; Porter et 
al., 2003). In contrast, interparental aggression was linked with higher basal 
vagal tone at age 2 (Davies et al., 2009). Differences in the valence of effect 
in these studies suggest that other factors, such as infant age and gender, may 
moderate links between interparental functioning and PNS activity in infants. 
Consistent with the latter possibility, conflict avoidance in the interparental 
dyad was linked with higher basal vagal tone among female infants but with 
lower basal vagal tone among male infants at 5 months (Graham, Ablow, & 
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Measelle, 2010). As Graham et al. (2010) suggest, parents may express their 
negative interparental dynamics differently when they are in the presence of 
girls than when they are in the presence of boys, leading to different patterns of 
PNS functioning. An alternate possibility is that male and female infants may be 
attending to and interpreting negative interparental behaviors differently.

Summary and Future Directions

Taken together, research examining the role of interparental dyadic functioning 
in the development of infant biological stress response systems is best described 
as emerging. In particular, work focused on interparental dyadic functioning 
and the PNS in infancy is scant. Collectively, the majority of work in this area 
has focused on older infants and toddlers; few studies have focused on inter-
parental functioning and infant biological systems in the first months of life. 
Furthermore, this literature has largely considered behavioral aspects of inter-
parental dyadic functioning, most notably conflict and interparental aggression 
or violence. It remains to be seen if less overt aspects of the interparental dyad 
such as relationship satisfaction and feelings of love and intimacy exert influ-
ence on the infant HPA axis and PNS. It is likely that these aspects of interpa-
rental functioning contribute to infant biological systems through processes of 
biobehavioral synchrony (Feldman, 2007) and spill over to parental affect and 
behavior (Stroud, Durbin, Wilson, & Mendelsohn, 2011). In future research, 
considering the role of interparental dyadic functioning in the prenatal period 
versus the postnatal period will be critically important given emerging literature 
suggesting that interparental violence in pregnancy has the potential to prena-
tally “program” aspects of the HPA system (Radtke et al., 2011).

Moving Beyond Parent‑Driven Main‑effects Models

Up to this point, we have described the associations between family context and 
infant outcomes as a unidirectional effect from parent or family to child, but in 
fact, contemporary models of development are more complicated and take into 
account child characteristics in two distinct ways. First, infant characteristics, 
including their biologically based reactivity and regulation, and family context 
may interact to predict infant adjustment over time. Second, infants’ biologi-
cally based reactivity and regulation may influence caregiving over time.

Child × Environment Effects

An additional pathway that has received empirical support is joint or interactive 
effects between family context and infants’ emotion- related psychobiology or 
genotypes on emotional development. Theories of differential susceptibility and 
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diathesis– stress/dual risk suggest that some infants are more likely to be influ-
enced by environmental factors than are others due to individual infant char-
acteristics, including physiological reactivity and regulation that make them 
more sensitive to environmental effects, or due to the accumulation of personal 
and contextual risks (see Belsky, Bakermans- Kranenburg, & van IJzendoorn, 
2007, for a review of commonalities and differences in these two perspec-
tives). Consistent with this view, there is evidence that the effects of caregiving 
on infants’ physiological arousal and regulation vary by infant genotype. In 
one study, secure infants with genotypes believed to incur risk for heightened 
stress reactivity demonstrated less arousal and better recovery in response to 
a stressor as indexed by salivary alpha amylase than insecure infants with the 
same genotpyes (Frigerio et al., 2009). Likewise, an intervention to enhance 
sensitive caregiving and reduce externalizing symptoms contributed to infants’ 
lower morning cortisol compared with infants who were not randomized to the 
intervention, but only among infants with the DRD4-7 repeat allele, which is 
linked with less efficient reuptake of dopamine (Bakermans- Kranenburg, van 
IJzendoorn, Mesman, Alink, & Juffer, 2008). Both studies suggest that sensitive 
caregiving is particularly likely to promote adaptive patterns of stress reactivity 
among infants at genetic risk for poor outcomes. A similar effect was demon-
strated for vagal regulation in a compelling longitudinal study (Propper et al., 
2008). Specifically, infants with the risk allele for the D2 dopamine receptor 
gene demonstrated initially compromised vagal regulation at 3 and 6 months 
regardless of maternal sensitivity, but by 12 months of age, infants with the risk 
allele and highly sensitive mothers demonstrated vagal regulation comparable 
to infants without the risk allele and significantly better than infants with the 
risk allele and insensitive mothers. This pattern suggests the long-term effect of 
sensitive caregiving on emotional outcomes via biological arousal and regula-
tion would likely only be apparent for infants with these genetic risk factors (i.e., 
moderated mediation).

Other studies have demonstrated joint effects of infant physiology and 
parenting behavior on behavior problems. In one such study, baseline vagal 
tone and attachment classification interacted to predict behavior problems at 
17 months such that attachment- based differences in behavior problems were 
apparent only among infants with high baseline vagal tone (Conradt, Measelle, 
& Ablow, 2013). High vagal tone infants classified as secure (reflecting a likely 
history of sensitive caregiving) appeared to benefit from positive caregiving as 
demonstrated by lower behavior problems, whereas high vagal tone infants 
classified as disorganized appeared to be negatively influenced by insensitive 
caregiving as demonstrated by heightened behavior problems. In another study, 
children with low vagal regulation in response to frustration at age 2 were only 
more likely to engage in a high level of disruptive behavior from age 2 to 5 if 
they experienced low maternal control as toddlers (Degnan, Calkins, Keane, & 
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Hill- Soderlund, 2008). This pattern suggests that children with early regulatory 
deficits are particularly dependent on their caregivers for external regulation.

Few studies have examined interactions between interparental dynamics 
and infants’ biologically based arousal and regulation in relation to adjustment 
over time. Given the considerable body of literature demonstrating that higher 
vagal tone and withdrawal buffers older children from the deleterious effects 
of marital conflict (see El- Sheikh & Whitson, 2006), we expect a comparable 
effect in infancy. In the only infancy study we could identify, a high- quality 
caregiving environment that included good marital adjustment was linked with 
a decline in aggressive behavior across early childhood only among toddlers 
with moderate to high baseline vagal tone but not among toddlers with low 
baseline vagal tone (Eisenberg et al., 2012).

Child and Transactional Effects

Infant characteristics such as temperament are well known to predict parent-
ing behavior and other aspects of the family context (Crockenberg & Leer-
kes, 2003). There is some evidence that individual differences in infants’ HPA 
and PNS functioning operate in such a fashion. For example, neonates with 
higher resting vagal tone were subsequently observed to have more synchronous 
interactions with both their mothers and fathers, suggesting that the biological 
capacity for self- regulation contributed to more adaptive dyadic interactions or 
elicited more effective and attuned parenting over time (Feldman & Eidelman, 
2007). Likewise, in a sample of preterm infants, mothers whose infants had 
better vagal regulation at 4 months were less likely to demonstrate a pattern 
of declining maternal positive affect and involvement across the first 2 years 
compared with mothers whose infants demonstrated poorer vagal regulation, 
perhaps because these infants were easier to care for or provided mothers with 
more positive reinforcement (Poehlmann et al., 2011). Over time, the preterm 
infants with higher vagal regulation demonstrated greater increases in positive 
affect and social competence, and a greater decrease in irritability and dysregu-
lation. Although not directly tested, this pattern raises the intriguing possibility 
of transactive effects (Sameroff, 2009) whereby infant physiology and caregiv-
ing are related to each other concurrently and over time, and may contribute to 
change in each other over time. That is, infants with a greater biological capac-
ity for self- regulation may elicit more sensitive caregiving, which in turn sup-
ports their emotional development over time. To date, we are aware of only two 
studies in which such reciprocal relations have been tested using a cross- lagged 
model, but neither tested moderating effects. In one, maternal sensitivity at age 
2 predicted children’s higher vagal regulation at age 4, which in turn predicted 
higher maternal sensitivity at age 5 (Perry, Mackler, Calkins, & Keane, 2014). 
In the other, children’s low baseline vagal tone at age 2 predicted more negative 
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maternal behavior at age 4, but maternal negative parenting at age 2 did not 
predict children’s baseline vagal tone at age 4 (Kennedy, Rubin, Hastings, & 
Maisel, 2004). This pattern is consistent with the view that infant physiological 
reactivity and regulation influences subsequent parenting, and that parenting 
is more influential on the regulatory than the temperamental aspect of vagal 
functioning over time (Calkins, 2009).

Summary and Future Directions

As a set, the studies that test moderation demonstrate that the effects of family 
context on infants’ emotional well-being over time are somewhat dependent on 
infants’ biological reactivity and regulation. Additional work testing interac-
tions between family context and infant biological reactivity and regulation is 
needed generally, but particularly in regard to parental affect and interparental 
dynamics, as interactions with caregiving quality has been examined somewhat 
more frequently to date. Work of this type is particularly important from an 
intervention perspective because it identifies those children who are at propor-
tionately greater risk when in less optimal caregiving contexts.

Efforts to understand child- driven and transactive effects are rare in this 
area of research. Ultimately, additional careful longitudinal studies in which the 
caregiving context and infants’ biological reactivity and regulation are assessed 
from early infancy on is needed to better understand the concurrent and cross-
time links between caregiving and infants’ physiological arousal and regula-
tion, and the extent to which both are related to children’s later emotional well-
being. Given the time and expense inherent in this type of longitudinal work, 
exploiting data from popular paradigms such as the still-face procedure is an 
appealing avenue to examine short-term transactional effects between caregiv-
ers and infants (e.g., concurrent and cross-phase association between mother 
and infant physiology and behavior). If evidence of biological child effects on 
caregiving accrues, it paints a relatively bleak picture for infants with initially 
compromised physiological regulation. That is, infants who may be in greatest 
need of external assistance with self- regulation are somewhat less likely to get 
it, and the consequences of less sensitive care may be greater for them than for 
other infants, further underscoring the need for effective intervention with these 
families.

Conclusion

In sum, a good deal of evidence supports the view that infants who experi-
ence insensitive caregiving, negative parental affect, and/or interparental con-
flict demonstrate less adaptive patterns of physiological arousal and regulation, 
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which are in turn linked with more behavior problems. Further, infants whose 
early physiological regulation is compromised appear to be at greatest risk for 
maladjustment when reared in suboptimal caregiving contexts, and their own 
characteristics somewhat increase the likelihood of encountering less positive 
caregiving contexts. The breadth of work in this area to date is impressive, but 
the value of this line of inquiry would be enhanced by further consideration of 
two important shortcomings.

First, there is a tendency for research groups to focus on a single or narrow 
set of psychobiological measures likely driven by the expense of and exper-
tise needed for specialized equipment and procedures. This has resulted in few 
studies that measure and integrate findings from multiple biological systems. 
Research that integrates psychobiological measures from a range of physiologi-
cal systems has the potential to contrast various mechanisms by which multiple 
systems affect emotional development including (1) a possible benefit of syn-
chrony among systems, (2) dual risk across systems, (3) compensatory effects 
of one system on the effects of another system, and (4) causal pathways via 
spillover from one system to another. It seems likely that the family environ-
ment contributes to infants’ emotional development through complex, yet coor-
dinated, biological responses.

Second, although there are some exceptions, the studies conducted to date 
generally focus on caregiving involving one parent and one child when in fact 
a substantial number of infants have siblings and multiple caregivers, as well as 
multiple caregiving contexts with vastly different characteristics. Thus, efforts 
should be made to better understand the effects of the broader family system, 
home context, and other consistent daily contexts on trajectories of infant 
biobehavioral health. For example, it seems plausible that the presence of an 
older sibling with elevated externalizing symptoms may certainly influence day-
to-day stress exposure for an infant, and depending on the quality of caregiving 
and the infant’s initial levels of reactivity and regulation, this experience may 
lead to very different patterns of physiological reactivity and regulation over 
time. Likewise, family stress resulting from conditions of poverty, variations in 
home chaos, including instability in family composition, and other character-
istics of the family environment beyond quality of direct care may give rise to 
different patterns of growth and change in reactivity and regulation over time. 
Although some of these effects may be mediated by caregiving quality, alterna-
tive pathways seem probable. Finally, the majority of U.S. infants experience 
some type of child care. Differences in the onset, duration, quality, and stabil-
ity of child care experiences may have important implications for the develop-
ment of physiological reactivity and regulation. Attention to these issues and the 
minor methodological issues noted throughout the review will further increase 
the value of this line of inquiry for both basic and applied science in early emo-
tional development.
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Temperament theory provides a framework for understanding how socio-
emotional development unfolds and research in this field has examined tra-

jectories of individual variation across behavioral, biological, and social levels 
of analysis. In this chapter, we do not attempt a comprehensive review of the 
literature or concern ourselves with definitional or theoretical discussion of 
temperament, as these issues have been extensively covered in previous papers 
(Goldsmith et al., 1987; Shiner et al., 2012; Zentner & Shiner, 2012). Instead, 
we focus on a few aspects of temperament that highlight research using a bio-
psychosocial framework: fearful temperament/behavioral inhibition, exuber-
ance, and the role that regulatory processes (e.g., effortful control, attention) 
play in predicting outcomes.

While definitions and theoretical models/approaches of temperament 
vary— especially an emphasis on particular definitional aspects— there are sev-
eral core assumptions that most approaches share (Shiner et al., 2012) and guide 
this review. Zentner and Bates (2008) have offered a broad definition of infant 
and child temperament, as distinct from personality, by outlining a set of inclu-
sion criteria. Temperament refers to (1) individual differences, within the nor-
mal range of behavior, across domains such as affect and attention (consistent 
with Rothbart’s definition of reactivity and regulation), which can be measured 
in latency, duration, frequency and intensity; (2) its appearance early in the first 
few years of life with most aspects showing some initial variability in infancy; 
(3) being linked to a biological mechanism; and (4) stability across development 
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and predicted variation in related outcomes. Borrowing from the conceptual-
ization of temperament by Goldsmith and colleagues, temperament is viewed 
as the behavioral, biological, perceptual, and motor substrates (i.e., the raw 
material) of developing individual differences, where behavioral substrates com-
bine with biological substrates to shape socioemotional behavior (Goldsmith, 
Lemery, Aksan, & Buss, 2000).

Although a comprehensive review of this literature is outside the scope of 
this chapter, we briefly summarize the most consistent set of findings linking 
early temperament traits with adjustment across childhood; we mainly focus 
on fearful temperament because it has received the most comprehensive treat-
ment in the literature with respect to biopsychosocial models of development. 
We provide a brief review of the literature linking temperament to social and 
emotional outcomes, such as internalizing and externalizing symptoms. In this 
review, we focus on individual differences in both reactive and regulatory pro-
cesses that predict maladaptive outcomes. We then turn to discussion of puta-
tive biomarkers— underlying physiological and neural mechanisms— that have 
been the focus of temperament research over the past decade. The second half 
of this chapter addresses one facet of the “social” component of the biopsycho-
social model we propose, namely, parents and the parenting context. Variation 
in temperament influences social interaction and robust evidence exists demon-
strating that parents’ behavior influences, both directly and indirectly, develop-
mental trajectories for particular children. Finally, we conclude the chapter by 
proposing a framework for future research on infant temperament.

temperament and Socioemotional adjustment

One of the key reasons that infant temperament research is so prolific is because 
temperamental variation in infancy emerges as a consistent and robust predic-
tor of socioemotional adjustment across childhood. This section reviews some 
of the key literature linking early variations in temperament to adjustment— 
specifically, internalizing and externalizing problems.

Starting with the domain of fearful temperament, the pioneering work of 
Kagan on behavioral inhibition, which characterizes an extreme type of fear-
ful temperament, is one of the best examples of a biopsychosocial temperament 
model. Behavioral inhibition is an extreme temperament type characterized 
in infancy by heightened motor and emotional reactivity to novelty (Kagan & 
Snidman, 1991), whereas behavior in toddlers is characterized by avoidance of 
unfamiliar adults and wariness of novel objects and situations (García Coll, 
Kagan, & Reznick, 1984; Kagan, Reznick, & Gibbons, 1989). Moreover, this 
inhibition in toddlers can be predicted from a pattern of high reactivity/dis-
tress to stimuli at 4 months (Kagan & Snidman, 1991). Research has revealed 
moderate stability throughout childhood with one-third to one-half of children 
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remaining inhibited over time (Rubin, Burgess, & Hastings, 2002; Fox, Hen-
derson, Marshall, Nichols, & Ghera, 2005; Kagan et al., 1989), especially for 
the subset of children who are most extreme in inhibition (Asendorpf, 1991). 
In early childhood, behaviorally inhibited children display social reticence and 
do not engage in, and often avoid, interaction with same-age peers (Rubin et 
al., 2002). One of the possible results of this cascade of events over early child-
hood is the emergence of social anxiety disorder. Indeed, there are now mul-
tiple studies that suggest that fearful temperament is the best early predictor 
of social anxiety symptoms in childhood and adolescence (Pérez-Edgar & Fox, 
2005; Chronis- Tuscano et al., 2009). However, not all temperamentally fearful 
children develop anxiety problems, thus, the field is focused on uncovering the 
biological and social processes that account for this link.

Our own work has focused on elucidating which temperamentally fear-
ful children are at greatest risk for social anxiety and social withdrawal more 
broadly. Although behavioral inhibition has emerged as the best early predictor 
of the development of social anxiety disorder, we know that not all inhibited chil-
dren develop anxiety symptoms and some even become less inhibited over time 
(Degnan, Henderson, Fox, & Rubin, 2008; Fox, Henderson, Rubin, Calkins, 
& Schmidt, 2001). We hypothesized that this is due, in part, to heterogeneity 
in the identification of fearful children (Buss, 2011). The dominant approach 
to defining and measuring fearful temperament focuses predominantly on how 
much fear is observed in a novel laboratory setting and then averaging across 
situations to identify children at risk. An alternative approach focuses on assess-
ing the pattern of fearful behavior across contexts and identifying patterns that 
are atypical, or dysregulated. Specifically, dysregulation was measured by tak-
ing into account the eliciting context of a toddler’s behavior such that extreme 
fear in situations deemed to be low in threat would constitute a maladaptive 
response (Buss, 2011; Buss et al., 2013). This pattern of dysregulated fear can be 
reliably differentiated from behavioral inhibition (Buss, 2011) at age 2, predicts 
social wariness in preschool at age 5 (Buss, 2011), and social anxiety disorder 
symptoms at age 6 (Buss et al., 2013) over and above the risks associated with 
behavioral inhibition.

Other dimensions of temperament have also been implicated both in direct- 
effects models and in interaction with other temperament dimensions to predict 
externalizing behavior problems. Most notably, the temperamental dimension 
of exuberance has been implicated in the development of externalizing problems 
(Calkins, Fox, & Marshall, 1996; He et al., 2010; Stifter, Putnam, & Jahromi, 
2008). Exuberance is characterized by high approach, high activity, boldness, 
and positivity in the face of novelty that can be identified in toddlers (Fox et 
al., 2001). Like behavioral inhibition, early predictors of this temperament have 
been identified in early infancy by a pattern of high-motor, high- positive behav-
iors (in contrast to the negativity associated with later behavioral inhibition). It 
has been suggested that exuberance is linked to externalizing via the specific 
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characteristic of high- approach behavior, which increases the opportunity for 
experiencing frustration (Stifter et al., 2008; Polak-Toste & Gunnar, 2006). 
However, not all exuberant toddlers have adjustment difficulties and may be 
rated as higher in sociability (e.g., Hane, Fox, Henderson, & Marshall, 2008), 
and emerging work suggests that the positivity that is characteristic of exuber-
ance may be protective of externalizing (Fox et al., 2001).

In our own work, we have found that a combination of low effortful con-
trol, high approach and low positivity at 24 months predicted observed, self- 
and adult- reported externalizing behaviors (Buss, Kiel, Morales, & Robinson, 
2014). Turning to these interactive effects, some researchers have articulated 
self- regulation as a link between aspects of exuberant temperament and exter-
nalizing. Specifically, exuberance is associated with undercontrolled behavior 
including, most notably, low effortful control (Degnan et al., 2011; Calkins 
& Keane, 2009; Eisenberg et al., 2001; Janson & Mathiesen, 2008; Olson, 
Sameroff, Kerr, Lopez, & Wellman, 2005). Low effortful control— difficulty 
in inhibiting a dominant response in order to initiate a subdominant response 
(Rothbart, Ellis, & Posner, 2011)—in toddlers and preschoolers has consistently 
been implicated in the development of externalizing behavior problems (e.g., 
Eisenberg, Smith, Sadovsky, & Spinrad, 2004; Kochanska & Knaack, 2003; 
Rubin, Burgess, Dwyer, & Hastings, 2003). Thus, much of the research linking 
low self- regulation and externalizing has found evidence for interactive effects 
with other aspects of temperament (e.g., exuberance, impulsivity) (Murray & 
Kochanska, 2002).

Other regulatory processes such as attention have been explored in rela-
tion to temperament and socioemotional outcomes. One line of research has 
focused on attentional biases toward threat, fearful temperament, and anxiety 
development. Although the bulk of this work has been in adults, there is emerg-
ing developmental work. From this literature we know that anxious individu-
als have a heightened attention bias toward threat (Bar-Haim, Lamy, Perga-
min, Bakermans- Kranenburg, & van IJzendoorn, 2007). Parallel results have 
been found in children who were classified as behaviorally inhibited in infancy 
(e.g., Pérez-Edgar et al., 2010). Moreover, there is evidence that attention biases 
toward threat moderate the relation between infant temperament and later 
anxiety— where those children and adolescents with a history of high fearful-
ness and attention bias toward threat displayed the most social withdrawal 
(Pérez-Edgar et al., 2010, 2011; Morales, Pérez-Edgar, & Buss, 2014). No stud-
ies have examined attention bias during infancy and its relation to fear behavior. 
However, Pérez-Edgar and colleagues (2010) examined individual differences in 
sustained attention and fearful temperament. At 9 months, infants were charac-
terized as high and low in sustained attention to a video while distractors were 
presented— low sustained attention was thought to reflect vigilance. Infants 
with low sustained attention showed increasing levels of fearfulness throughout 
childhood, and attention and fearfulness interacted to predict social difficulties 
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during adolescence. These results highlight how individual differences in atten-
tion during early development may shape how children process and respond to 
their environment throughout development. As children develop, these atten-
tional biases interact with other self- regulatory processes (e.g., effortful con-
trol). For instance, Lonigan and Vasey (2009) found that fearful children only 
displayed a bias toward threat if they were also low on effortful control. Fearful 
children high on effortful control did not display such bias (Lonigan & Vasey, 
2009). However, this literature does not address whether these biases reflect 
lack of attentional control (i.e., self- regulation) or merely reflect extreme fearful 
and anxious behavior. In sum, there is substantial literature demonstrating that 
early temperamental variation, encompassing both reactive and regulatory pro-
cesses, in infancy predicts adjustment and maladjustment across childhood and 
into adolescence. In the following sections of this chapter, we review literature 
on biological and social environmental factors that influence how and when 
temperament predicts these social and emotional outcomes.

Biological Markers of temperament

Because individual differences in socioemotional behavior (especially psychopa-
thology) are increasingly recognized as neurodevelopmental in nature (Cicchetti 
& Gunnar, 2008; Mathew, Coplan, & Gorman, 2001), developmentalists have 
examined biological mechanisms (i.e., biomarkers) that inform developmental 
process. Consistent with the biopsychosocial model of temperament, research 
has implicated multiple components in the neural circuitry of temperament, 
such as the amygdala, cingulate cortex, prefrontal cortex, and autonomic 
nervous and neuroendocrine systems. For instance, Kagan hypothesized that 
hyperresponsivity of the amygdala and sympathetic nervous system (SNS) was 
central to the development of inhibited behavior (Kagan, 1994; Kagan, Reznick, 
& Snidman, 1988). Hyperreactivity across physiological systems is common 
among children with extreme temperament (e.g., fearful behavior). Rothbart’s 
model of temperament has also specified neurobiological and physiological, as 
well as genetic, markers of self- regulation (Rothbart, Derryberry, & Posner, 
1994). In this section, we provide a review of evidence for biological substrates 
of temperament in infancy. Several physiological correlates have been found for 
temperamental types and temperament dimensions, but the bulk of this physi-
ological work has focused on the temperament dimension of fear (most often 
studied as behavioral inhibition) so we focus mainly on this work.

Autonomic Nervous System Markers of Temperament

The temperament literature is replete with studies linking temperament dimen-
sions to reactivity of various autonomic indices, but we focus here on cardiac 
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reactivity. Since the first studies on behavioral inhibition, differential patterns 
of cardiac activity have been found. Children characterized as behaviorally 
inhibited during infancy show higher and less variable heart rate (e.g., Kagan, 
Reznick, Clarke, Snidman, & García Coll, 1984), and infant negative affect 
more broadly (e.g., fear, anger, and sadness) has been associated with increases 
in heart rate reactivity during emotional challenges (Buss, Goldsmith, & David-
son, 2005).

It is important to note that heart rate variability is influenced by both the 
SNS and the parasympathetic nervous system (PNS). Most studies have used 
measures that reflect activity from only one system, most often the PNS. Respi-
ratory sinus arrhythmia (RSA) is a PNS measure, which indexes activity from 
the vagus nerve by measuring the variations of the heart according to the respi-
ratory cycle. The vagus nerve allows rapid acceleration and decceleration of the 
heart, providing a physiological mechanism for the individual to engage or disen-
gage with the environment as needed to regulate emotion and behavior (Porges, 
2007). As with heart rate variability, studies have found that high reactivity 
and negative affectivity are associated with lower RSA (Calkins, 1997; Huff-
man et al., 1998; Stifter & Fox, 1990), whereas positive affect and regulation 
tend to be associated with high RSA (Calkins, 1997; Beauchaine, 2001). Our 
group has found that context- specific fear— specifically high fear in low- threat 
situations— was related to higher SNS activity (i.e., faster preejection period 
[PEP]; Buss, Davidson, Kalin, & Hill Goldsmith, 2004). Similarly, other studies 
using SNS measures have found that behaviorally inhibited children have higher 
sympathetic activity as measured by heart rate period (e.g., Kagan et al., 1988). 
However, not all studies have found the expected associations between tem-
perament and cardiac measures. For example, Marshall and Stevenson- Hinde 
(1998) did not find differences in any cardiac measures between fearful and 
nonfearful children.

Neuroendocrine Markers of Temperament

Another physiological marker that has been implicated in infant temperament 
literature is cortisol, which reflects activity from the hypothalamic– pituitary– 
adrenocortical (HPA) axis, activated under stress (McEwen & Seeman, 1999). 
Cortisol reactivity is believed to be highest when environmental challenges over-
whelm the individual’s coping resources (e.g., unpredictable or uncontrollable 
situations) and threaten the social self (Gunnar, Talge, & Herrera, 2009). As 
with cardiac physiology, some findings show that temperamentally fearful chil-
dren have higher cortisol levels compared with nonfearful children (e.g., Kagan, 
Reznick, & Snidman, 1987), and notably under certain parenting environments 
(Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss, 1996). However, these dif-
ferences have not been consistently found (e.g., Schmidt, Fox, Schulkin, & Gold, 
1999). When looking at potential moderators of this association, Nachmias and 
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colleagues (1996) have identified mother– infant attachment as an important 
environmental context. In addition, our group has found that eliciting context 
is important to consider. For instance, only high fear in low- threat contexts 
was predictive of higher cortisol activity (Buss et al., 2004). Finally, cortisol is 
also often studied as a facet of allostatic load—the wear and tear of the body 
due to chronic physiological responses (Lupien et al., 2006). Although not typi-
cally studied in infancy, we examined allostatic load indexed by a composite of 
cortisol, RSA, sleep quality, and birth weight at 24 months and found that it 
predicted externalizing problems in preschool and kindergarten (Buss, Davis, & 
Kiel, 2011). In addition, 24-month fear predicted more anxiety symptoms when 
coupled with increased allostatic load under high levels of environmental stress.

Neural Markers of Temperament

While much of the earlier biological evidence was focused on the measures 
reviewed above, there has been a dramatic increase in research on neural mark-
ers of temperament, though the literature with functional magnetic resonance 
imaging (fMRI) methodology in young children is still scarce and no study, to 
our knowledge, has explored temperament using this methodology in infants or 
even young children. Despite the dearth of studies employing this methodology, 
the literature closely parallels the literature with nonhuman primates, which has 
also implicated the amygdala with fearful temperament and anxiety (e.g., Fox 
et al., 2012; Kalin, Shelton, & Davidson, 2004; Oler et al., 2010). Recent fMRI 
work with children selected during infancy as highly reactive has provided evi-
dence for the hypothesis that the high levels of inhibition observed during child-
hood might be due to hyperactivity in the amygdala (Pérez-Edgar et al., 2007; 
Schwartz et al., 2011; Schwartz, Wright, Shin, Kagan, & Rauch, 2003). For 
example, Schwartz and colleagues (2011) found that highly reactive infants at 
4 months of age showed increased amygdala reactivity to the presentation of 
faces when they were 18 years old. This was especially true for men (Schwartz 
et al., 2011).

In contrast, several studies have evaluated the relation between tempera-
ment and electrocortical measures in infants and young children. The most 
common of these measures has been hemispheric asymmetries in frontal elec-
troencephalogram (EEG) activity, which has been used as an index of cortical 
activation believed to be related to unilateral limbic activity (Davidson, 2004). 
This asymmetric activity has been linked to withdrawal and approach behavior 
in infants, children, and adults with greater left activity related to approach and 
greater right activity related to withdrawal behavior. Studies find that infants 
with right- frontal asymmetry were characterized as more fearful compared to 
children with left asymmetry (Fox, Calkins, & Bell, 1994). In addition, right- 
frontal asymmetry has been found to predict moderate stability of behavioral 
inhibition and the association between inhibition and later outcomes, such as 
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social reticence and internalizing (e.g., Fox et al., 2001). Other studies have 
found a direct relation between EEG asymmetry and socioemotional outcomes 
(e.g., Smith & Bell, 2010). For instance, Smith and Bell (2010) found that stable 
left EEG asymmetry at 10 and 24 months was associated with mother- rated 
externalizing behaviors, whereas stable right EEG asymmetry was predictive of 
internalizing behaviors.

As with other physiological measures there has been recent interest in the 
role of context. Diaz and Bell found that task- specific right EEG asymmetry was 
related to fear behaviors during that task after controlling for baseline EEG, 
even when fear behaviors were not correlated across tasks (Diaz & Bell, 2012). 
It is important to note that this study evaluated a sample not selected for high 
fear or negative affect, illustrating that the relation between EEG asymmetry 
and fear behaviors is not limited to infants who display extreme fear. These 
findings parallel our work, in which we found that right- frontal EEG asym-
metry was related to withdrawal- related emotions (i.e., fear and sadness) dur-
ing the laboratory task as well as higher basal and reactive cortisol levels in 
6-month-olds (Buss et al., 2003).

Another electrocortical measure that has also been used to study tem-
perament is the event- related potential (ERP). ERPs are electrophysiological 
responses, measured from the ongoing EEG signal, that are time locked to a 
particular event (e.g., cognitive, motor, or sensory). ERPs have been widely used 
to index constructs like attention and inhibitory control given their superior 
temporal resolution. In the temperament literature, ERPs have been used to 
examine how limbic activity (e.g., amygdala) shapes the way information in 
encoded and processed in the frontal cortex (e.g., anterior cingulated cortex), 
and have uncovered ERP biomarkers for emotion regulation processes that are 
characteristic of certain temperament types. Children characterized as inhib-
ited during infancy show differences in ERP components that are consistent 
with hypotheses and imaging data showing differences in amygdala activity: 
mismatched negativity (Bar-Haim, Marshall, Fox, Schorr, & Gordon- Salant, 
2003), error- related negativity (McDermott et al., 2009; Brooker & Buss, 2014), 
and brain stem auditory- evoked potentials (Woodward et al., 2001).

However, most of this work has been conducted later in childhood or in 
longitudinal studies with children characterized during infancy. One exception 
is a study by Marshall, Reeb, and Fox (2009) in which they compared ERP com-
ponents among 9-month-old infants of different temperaments characterized at 
4 months of age. They found that infants rated as high in negative reactivity— 
those who would later become behaviorally inhibited— displayed a heightened 
positive slow wave to novel tones compared with standard tones in an oddball 
paradigm. This effect was interpreted as increased attentional engagement to 
the novel tones, consistent with hypotheses about increased vigilance for fear-
ful/anxious individuals (Marshall et al., 2009). In contrast, the positively reac-
tive infants— those who become exuberant children— displayed an increased 
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P3 response to novel complex sounds, illustrating that temperamentally differ-
ent infants show differences in electrophysiological indices that reflect an early 
response toward novelty (Marshall et al., 2009). Parallel findings have been 
found with other ERP components believed to indicate error monitoring and 
modification of subsequent behavior like the error- related negativity (McDer-
mott et al., 2009) and the N2 (Henderson, 2010). In our own work, we found 
a different pattern of error- related negativity at 4.5 years for children charac-
terized at age 2 as highly fearful versus nonfearful toddlers (Brooker & Buss, 
2014).

Other studies have not found main effects of temperament but have found 
that some ERP components moderate the relation between infant temperament 
and socioemotional outcomes (Henderson, 2010; Reeb- Sutherland et al., 2009). 
For instance, the P3—in response to an auditory oddball task— moderated the 
relation between infant fearfulness and anxiety during adolescence, where ado-
lescents with a history of high fearfulness and a larger P3 response, believed 
to index attention toward novelty, were at increased risk for anxiety (Reeb- 
Sutherland et al., 2009).

In summary, as mentioned at the outset of this section, disorders with roots 
in temperamental variation, such as anxiety, are regarded as neurodevelopmen-
tal in nature (Insel et al., 2010). Across the studies reviewed in this section, a 
consistent pattern of findings emerges informing this work and biopsychosocial 
models of temperament. Multiple systems are implicated as markers of reactive 
and regulatory aspects of temperament, and dysregulation of these physiologi-
cal systems is common among children at temperamental risk.

temperament in Context: the influence of Parenting

In infancy, social experiences are largely dominated by interactions with parents. 
Some temperament theories have explicitly established that the infant– caregiver 
relationship shapes individual differences in emotion expression because emo-
tions are a central feature of infant– caregiver interactions (e.g., Thomas, Chess, 
& Birch, 1968). Interactions with caregivers serve as social regulatory processes 
that may influence the expression of temperament. Characteristics of the care-
giving environment are linked to the developmental trajectories of the expres-
sion of infants’ constitutionally based temperament. Traditionally, temperament 
and parental socialization influences were viewed as largely independent enti-
ties that may either fit optimally (“goodness of fit”) or poorly. Based on recent 
evidence, however, there is a growing recognition that the association between 
child temperament and parenting behaviors exerts reciprocal influences (e.g., 
Sameroff, 2009) and are mutually shaped. Available evidence suggests that dif-
ferent facets of children’s temperament— encompassing emotional, behavioral, 
and physiological regulation— may elicit specific types of parenting behaviors 
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from parents. Parental behaviors in turn have been shown to moderate or medi-
ate the developmental trajectory of the expression of children’s temperamental 
traits. In this section, we review various aspects of parenting and parent char-
acteristics that have been studied with temperament in infancy and how they 
interact to predict social and emotional adjustment.

Parent Sensitivity and Parent–Infant Attachment

Formulations of parenting in infancy have mainly focused on parent sensitivity, 
defined as awareness and accurate interpretation of infant needs or interactional 
bids, followed by contingent and appropriate responses to them (Ainsworth, 
Blehar, Waters, & Wall, 1978). Infant trust in the parent to respond to his or 
her needs facilitates the development of secure base behavior and secure attach-
ment (Ainsworth & Bell, 1970). Attachment security is associated with a host of 
positive developmental outcomes for children, including better emotion regula-
tion skills and greater social competence (Sroufe, 2005). As children develop, 
sensitive parenting helps to facilitate the beginnings of a mutually responsive 
parent– child relationship characterized by each partner’s feelings of responsi-
bility to the other and responsiveness to the other’s bids and needs (Maccoby, 
1983, 1992; Maccoby & Martin, 1983). This mutually responsive orientation 
(Kochanska, 1997b) is theorized to facilitate parents’ later socialization of the 
child and the development of more advanced social and emotional skills.

Recent work suggests that infants with varying temperamental traits are 
differentially responsive to equivalent forms of parenting (i.e., differential 
susceptibility; Belsky & Pluess, 2009). This susceptibility predicts children’s 
socioemotional outcomes in a for- better or -worse manner. For example, prior 
work has found that child anger proneness moderates the association between 
maternal responsiveness at 7 months and receptive cooperation at 15 months 
(Kochanska, Aksan, & Carlson, 2005). Higher anger proneness was associated 
with more cooperation in the context of high maternal responsiveness, but low 
cooperation in the context of low maternal responsiveness.

Particular attention has been devoted to studying interactions between par-
enting quality and fearful child temperament. Generally, this research suggests 
that a parent– child relationship characterized by high levels of parental sensitiv-
ity may be particularly beneficial for fearful children. Higher inhibition in com-
bination with an insecure attachment to the parent has been associated with a 
cortisol increase to novel stimuli and to the Strange Situation in 18-month-olds 
(Nachmias et al., 1996), and higher child fearfulness and attachment insecu-
rity predicted greater cortisol reactivity to an inoculation in toddlers (Gunnar, 
Brodersen, Nachmias, Buss, & Rigatuso, 1996). Fearful children may be more 
likely to interpret situations as threatening, and without the external regula-
tion of a sensitive parent, they may be more stressed by new or uncomfortable 
events (Nachmias et al., 1996). Children who are inhibited and have an insecure 
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relationship with their parent have been shown to be at increased risk for devel-
oping anxiety in later childhood (Muris, van Brakel, Arntz, & Schouten, 2011; 
Shamir- Essakow, Ungerer, & Rapee, 2005).

Despite evidence suggesting that sensitive parenting may benefit fearful 
children, a number of studies have yielded equivocal findings about the effects 
of high levels of sensitive parenting for these children. It has been suggested 
that extremely high levels of parental sensitivity, characterized by consistent 
and prompt responsiveness to infant distress, serve to maintain infants’ inhib-
ited and anxious patterns of behaviors (Arcus, 2001; Mount, Crockenberg, Jó, 
& Wagar, 2010). Highly sensitive parenting behaviors that involve consistent 
and prompt attempts to shield children from possible threat or alleviate dis-
tress with excessive external regulatory support have been conceptualized as 
“overprotective” or “overindulgent” styles of parenting (Mount et al., 2010; see 
Buss & Kiel, 2013, for a detailed discussion). These behaviors are theorized to 
convey a heightened sense of vulnerability and deprive children of opportuni-
ties to independently develop age- appropriate soothing, regulatory, and social 
skills (Rapee, 1997). Although the specific risk conferred by overprotective par-
enting in anxiety development remains to be better understood, research has 
indicated that this type of sensitive but overprotective parenting behavior mod-
erates (Rubin et al., 2002) and mediates (Kiel & Buss, 2011, 2014) the longitu-
dinal association between temperamental fearfulness and social wariness later 
in development.

Parent‑Focused versus Child‑Focused Parenting

The degree to which parents are able to focus on their child’s needs rather than 
their own has been associated with greater parental sensitivity. In a recent study 
by Leerkes and colleagues, mother- oriented cry processing was marked by anx-
ious or angry feelings and prioritization of mothers’ well-being, and infant- 
oriented responses were characterized by accurate detection of level of infant dis-
tress and prioritization of the infant’s well-being (Leerkes, Weaver, & O’Brien, 
2012). Mothers who endorsed higher levels of infant- oriented and lower levels 
of mother- oriented cry processing prenatally were found to be more sensitive 
to their 6-month-old infants than other mothers during distress- eliciting situ-
ations (Leerkes et al., 2012). Thus, mothers’ ability to focus on their infant’s 
needs rather than their own seems to be particularly relevant to their ability to 
sensitively respond to their infants when they are distressed. Parent sensitivity 
within different domains may be associated with specific behavior problems in 
later childhood, as for example, sensitivity to infant distress in situations that 
evoke fear may be associated with children’s fearful or anxious behavior (Leer-
kes et al., 2012).

In early childhood, temperament has been shown to influence the degree to 
which mothers endorse parent- versus child- focused goals. Mothers of inhibited 



 11. Infant Temperament and Socioemotional Development 243

children have been found to be more likely than mothers of children who are not 
inhibited to endorse parent- centered strategies, such as higher levels of power 
assertion, in dealing with their children (Rubin & Mills, 1990). These mothers 
have also reported feeling more guilty and embarrassed about their children’s 
behavior. Work from our own longitudinal studies has indicated that the rela-
tion between mothers’ protective behavior and children’s fearful temperament 
is strengthened when mothers accurately predict fearful behavior and endorse 
more parent- centered goals for handling their child’s shyness (Kiel & Buss, 
2012). The mother’s anticipation of the distress coupled with a focus on her own 
goals (e.g., embarrassment by her child’s fearfulness) leads her to attempt to find 
a “quick fix” that rapidly reduces the child’s distress. Therefore, the child’s tem-
perament may influence the degree to which the parent endorses parent- versus 
child- focused goals, which may in turn influence parenting strategies. Consis-
tent with this hypothesis, we found that mothers who were more embarrassed 
by their 2-year-old’s shy behavior were more likely to behave intrusively with 
them, such as by carrying or pushing their children toward novel stimuli (Kiel 
& Buss, 2013).

Parental Control: Interactions with Temperament and Context

The effectiveness of parental control or discipline methods varies with child 
temperament (Bell, 1968) and interacts with temperament to predict a variety of 
outcomes. For example, gentle discipline, in the form of guidance de- emphasizing 
parental power over the child, has been identified as the most critical factor pre-
dicting aspects of moral development for behaviorally inhibited preschoolers 
(Kochanska, 1997a). Parents’ use of power assertion is intended to help draw 
the child’s attention to the importance of the message the parent is trying to 
deliver (Hoffman, 1982), and inhibited children are likely attentive to a poten-
tial wrongdoing because of their anxiety so do not require additional assertions 
of parental control to internalize the parent’s directive (Kochanska, 1997a). In 
contrast, for exuberant children secure attachment and maternal responsive-
ness have been found to be the strongest predictors of conscience (Kochanska, 
1997a). This pattern of findings for exuberant children may be explained by 
individual differences in effortful control. For instance, children with poorer 
effortful control may have more difficulty attending to and internalizing paren-
tal socialization messages (Kochanska, 1993).Exuberant temperament has also 
been shown to moderate the influence of parenting on the development of self- 
regulation. Exuberant toddlers whose mothers used more commands and pro-
hibitive statements, but were positive in their directives, had higher levels of 
effortful control 2.5 years later (Cipriano & Stifter, 2010). By contrast, mothers’ 
use of more redirections and reasoning characterized by a neutral or negative 
tone was associated with poorer effortful control for exuberant children. This 
research further suggests that a warm and positive relationship is particularly 
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critical for fearless or exuberant children, and that power assertion and reason-
ing may be less effective discipline strategies.

Variability in parental control has also been shown to predict a range of 
internalizing behaviors for temperamentally fearful children. In addition, stud-
ies have shown that parental control may be associated with a developmental 
trajectory characterized by externalizing behaviors for a constellation of tem-
peramental traits including irritability, frustration, and anger proneness. These 
divergent patterns may be explained by the notion that parenting behaviors 
may serve to “amplify” aspects of negative emotionality (Bates & Pettit, 2007), 
such that specific parenting dimensions such as overcontrol may exacerbate chil-
dren’s temperamental fearful or frustration reactivity.

For inhibited toddlers, there is evidence that parents’ appraisal of children’s 
fearfulness or regulatory competence may influence or elicit controlling behav-
iors (Belsky, Rha, & Park, 2000; Rubin, Nelson, Hastings, & Asendorpf, 1999). 
These parenting behaviors include overprotective or intrusive behaviors that 
may either restrict children’s autonomy to independently explore, approach, or 
withdraw from potentially threatening situations. As we reviewed above, these 
behaviors are viewed as sensitive, but accumulating evidence suggests these 
behaviors can have unintended consequences for fearful children. For example, 
Kiel and Buss (2011) found that mothers of inhibited toddlers were more likely 
to respond to their toddlers in a protective manner in novel laboratory tasks as 
the accuracy of mothers’ prediction of toddler fearful behaviors increased. This 
finding indicated that when mothers anticipate their toddlers to respond fear-
fully to novel situations, they exert control to prevent children’s experience of 
fear or distress. Overprotective parenting behaviors in turn predicted children’s 
social withdrawal behaviors during kindergarten age, suggesting that parental 
control may reinforce and thereby maintain children’s fearful disposition. Thus, 
findings indicate that the transactional processes linking parental appraisal of 
children’s fearfulness and regulatory capacity elicit parents’ controlling behav-
iors that may shape a trajectory of internalizing behaviors by reinforcing chil-
dren’s fearful, avoidant, and dependent behaviors (Dadds & Roth, 2001; Kiel 
& Buss, 2011).

In contrast, parental control for toddlers with temperamental traits broadly 
characterized as difficult has been linked to an externalizing trajectory. Degnan 
and colleagues found that toddlers’ high level of frustration interacted with high 
level of maternal control to predict high levels of disruptive behaviors at age 
5 years (Degnan, Calkins, Keane, & Hill- Soderlund, 2008). Likewise, van Aken 
and colleagues reported that maternal negative control during structured play 
predicted an increase in toddler externalizing behaviors for boys who were rated 
as having a difficult temperament (van Aken, Junger, Verhoeven, van Aken, & 
Dekovic, 2007). Available evidence suggests that the adverse effects of parental 
control on children with difficult temperament may be similar to the “coercive 
interaction style” that has been described for older children with behavioral 
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problems (Patterson, 1982), whereby parental perception of infants’ difficult 
temperament evokes proactive control behaviors that involve physical restraint 
(Lee & Bates, 1985) and power assertion (Kochanska & Kim, 2012). Parental 
attempts to restrict children’s control may reinforce and escalate infants’ resis-
tance to control behaviors. For example, Kochanska and Kim (2012) reported 
that toddlers’ anger proneness likewise predicted an increase in parents’ power- 
assertive behaviors, which in turn predicted a range of externalizing behavior 
outcomes at school age.

In addition to fit with a child’s temperament, adaptive parenting must also 
be appropriate to context (Grusec & Davidov, 2010). In the context of novel 
stimuli, child temperament may influence which parenting strategies are most 
effective. Exuberant children, who are more fearless and quicker to approach 
novelty, may require more parental control than inhibited or fearful children, 
who may require parental encouragement to engage with a new environment. 
Parental control in these contexts is important for exuberant children because 
it helps them to learn self- regulation by showing restraint in unfamiliar and 
potentially unsafe circumstances (Cipriano & Stifter, 2010). On the other hand, 
parental encouragement of child exploration is appropriate for fearful children 
because it helps them to regulate their fear and learn about their environment 
(Fox et al., 2005). As noted earlier, work from our longitudinal study has indi-
cated that it may not be appropriate for parents to provide protection and com-
fort in low- threat novel contexts, as a recent study demonstrated that higher 
levels of maternal protection in low- threat situations were longitudinally associ-
ated with greater social withdrawal behavior in toddlers (Kiel & Buss, 2012).

In this section, we reviewed several, albeit a fraction, of the studies that 
demonstrate the role that the parenting context has on the expression of tem-
perament and socioemotional development across development. However, we 
now turn to research that integrates physiology, behavior, and parenting that is 
needed in order to fully test the theoretical biopsychosocial models of develop-
ment.

Physiology, Parenting, and temperament

We review a handful of studies that highlight the interactions among these tem-
perament, biological, and parenting factors, as well as work examining adjust-
ment outcomes across development. Studies of this nature also demonstrate how 
using several indicators provide a more nuanced description of the way in which 
maternal characteristics can influence infants’ temperament.

As reviewed above, EEG frontal asymmetry has been related to withdrawal 
and approach behavior in early development. Although some of this work sug-
gests that EEG asymmetry is a marker for trait-like individual differences, work 
has also found that EEG asymmetry can be influenced by environmental factors 
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such as maternal caregiving practices (e.g., Hane & Fox, 2006; Hane, Hender-
son, Reeb- Sutherland, & Fox, 2010). Consistent with rodent models developed 
by Meaney and Champagne (Champagne & Mashoodh, 2009; Meaney, 2010), 
Hane and colleagues (2010) characterized mothers’ caregiving behavior as high 
quality or low quality during usual caregiving situations (e.g., meal preparation, 
feeding, and changing clothing). Infants receiving low- quality caregiving were 
more fearful, displayed less positive joint attention, and showed greater right 
EEG asymmetry (Hane & Fox, 2006); these differences persisted to ages 2 and 
3. Specifically, children who experienced low- quality maternal caregiving were 
characterized as more behaviorally inhibited, showed greater right EEG asym-
metry, and had higher maternal- reported internalizing behaviors. Another line 
of work that demonstrates the complex relations among biological markers, 
environment, and behavior comes from work on maternal depression. Pre- and 
postnatal maternal depression has also been associated with infants’ greater 
right EEG asymmetry (e.g., Field et al., 2004; Lusby, Goodman, Bell, & New-
port, 2013). Neonates with right EEG asymmetry showed higher cortisol and 
lower scores on the Brazelton Neonatal Assessment Scale (Field et al., 2004). 
Moreover, mothers of neonates who displayed right EEG asymmetry were lower 
in pre- and postnatal serotonin, higher in postnatal cortisol, and displayed 
lower vagal tone together with greater right EEG asymmetry themselves (Field, 
Diego, Hernandez- Reif, Schanberg, & Kuhn, 2002). Other studies have found 
interactions among temperament, other biological markers, and various parent-
ing behaviors. For instance, as reviewed above, cortisol increases to laboratory 
visits were found only for fearful children with an insecure attachment relation-
ship (Nachmias et al., 1996). We have reported that fearful temperament and 
harsh parenting in toddlerhood interact to predict increased fearfulness and 
greater error- related negativity ERPs at 4.5 years (Brooker & Buss, 2014). In 
a study of preschoolers, Hastings and colleagues (2008) found that low base-
line RSA coupled with high maternal protection predicted more internalizing 
symptoms (i.e., social wariness) for social- wary (i.e., inhibited) children, and 
they recently reported that these effects persist to age 9 (Hastings, Kahle, & 
Nuselovici, 2014).

Evidence is accumulating that parental– child influences at behavioral and 
biological levels are bidirectional. Mother– infant synchrony in physiological 
reactivity has been observed for cortisol (Sethre- Hofstad, Stanbury, & Rice, 
2002; Bright, Granger, & Frick, 2012), salivary alpha amylase (an indicator 
of SNS; Davis & Granger, 2009), and heart rate reactivity (Waters, West, & 
Mendes, 2014), suggesting reciprocal influences between child and parent 
in reactivity during challenging tasks. For instance, Sethre- Hofstad and col-
leagues (2002) demonstrated that for high maternal- sensitivity dyads, maternal 
and child cortisol increases to the challenge task were correlated. These results 
have recently been replicated in a younger sample of mothers and infants across 
a variety of tasks (Atkinson et al., 2013). Moreover, maternal sensitivity was 
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associated with more variability (interpreted as greater adaptation to threat) in 
cortisol responses by both infants and mothers across the different situations.

There is also evidence that a child’s temperament can influence experiences 
of parenting as stressful. For example, mothers’ heightened cortisol reactivity in 
parenting contexts has been associated with less sensitive care, particularly for 
temperamentally negative or inhibited infants, who may be more challenging 
for parents (Martorell & Bugental, 2006). High levels of cortisol reactivity in 
response to the Strange Situation procedure were found for mothers who per-
ceived themselves as having lower power in their relationship with their child 
and who rated their child as temperamentally difficult (Martorell & Bugental, 
2006). In addition, greater cortisol responses were associated with higher levels 
of harsh parenting, such as use of physical force including pushing, shoving, 
and hitting (Martorell & Bugental, 2006). Similarly, our work has found that 
a greater maternal cortisol response during the child’s interactions with novel 
stimuli is related to greater intrusiveness during the task for mothers with inhib-
ited toddlers (Kiel & Buss, 2013). A cortisol response under these circumstances 
may be associated with power assertion, which manifests as more intrusiveness 
and harsh parenting behavior with the child. Moreover, mothers’ interpreta-
tion of their arousal in response to the infant’s behavior or temperament may 
account for the association between maternal physiology and her behavior (e.g., 
Leerkes et al., 2012; Martorell & Bugental, 2006). Thus, it may also be that 
these mothers are more likely to interpret their stress in response to a more 
difficult child as frustration or anger, which promotes more controlling and 
aggressive behavior with the child.

Other work has shown that for mothers of children characterized by an 
avoidant attachment, high levels of child negativity at 6 months, and less mater-
nal RSA suppression to challenge predicts lower levels of maternal sensitivity 
(Mills- Koonce et al., 2007). As this work demonstrates, the influence of child 
temperamental negativity or inhibition on parenting quality can be exacerbated 
if the parent has difficulty regulating his or her own arousal such that par-
ents with nonadaptive physiological regulation display more negative parent-
ing behaviors (i.e., negative intrusiveness; Mills- Koonce et al., 2009). Because 
a decrease in RSA allows for increases in cardiac output that support self- 
regulatory processes in response to external demands (Porges, 1995), together 
these results suggest that higher infant negativity may be particularly challeng-
ing for mothers who are not able to regulate their own arousal level in order to 
be sensitive to their infants.

Additional studies in older children highlight the interaction among bio-
logical, psychological, and social factors to predict socioemotional outcomes. 
Work from our lab has shown that shy kindergartners are more likely to display 
reticent and avoidant behavior with unfamiliar peers when they either receive 
nonsupportive maternal reactions to their negative emotions or have higher 
cortisol reactivity (Davis & Buss, 2012). In another study that examined the 
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contributions of parenting, temperament, and child physiology, Hastings and 
colleagues found that fearful temperament and prolonged elevations in cortisol 
levels in response to meeting strangers in a laboratory were associated with 
internalizing problems in preschool girls, whereas exposure to higher levels of 
maternal punishment and prolonged cortisol elevations were associated with 
externalizing problems in preschool boys (Hastings, Ruttle, Serbin, Mills, & 
Stack, 2011).

Together, these findings demonstrate that a biopsychosocial model allows 
for a better understanding of how temperament predicts children’s emotional 
and social lives through bidirectional interactions with context and parenting. 
They also highlight how assessing several indicators of children’s and parents’ 
biology and behavior, as well as the social context, might show a more complete 
picture of socioemotional development.

Conclusions and Future Directions

Temperament is by definition a biopsychosocial construct where individual dif-
ferences are expressed across biology, behavior, and in social contexts. However, 
assessments of temperament almost exclusively focus on the behavioral level 
of analysis (either questionnaire or observationally) and, as reviewed, biologi-
cal and environmental factors (e.g., parenting) are often treated as moderators 
or mediators of the relation between temperament and various socioemotional 
outcomes. The studies reviewed in this chapter highlight that assessing multiple 
levels of analysis provides a more comprehensive and predictive picture of chil-
dren’s social and emotional development. This work highlights the importance 
of examining parent qualities as well as child physiology and behavior simul-
taneously in order to more fully understand how they predict young children’s 
socioemotional development in combination as these factors may operate in a 
synergistic manner that is only detectable when examined together (Hastings et 
al., 2011). Research is only beginning to examine these components together.

Evaluating such complex models, in which several factors interact with one 
another through development to shape adjustment outcomes, pose a method-
ological challenge. Specifically, the interactive process is not fully captured by 
common methodological approaches in which a factor linearly predicts another. 
When these models are tested via higher- order interactions that attempt to cap-
ture this complexity, the power to reliably detect these interactions requires 
very large samples. Given this limitation, the biopsychosocial approach of the 
study of temperament would benefit from recent advances in methods such as 
mixture models (e.g., latent profile analysis [LPA]), which are aimed at identify-
ing groups of individuals with similar patterns across variables/characteristics. 
Some work studying temperament under this approach has been successful at 
identifying groups of children based on common temperament measures (e.g., 
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behavior and questionnaires) by replicating theoretically derived groups (Loken, 
2004) and groups that are predictive of later socioemotional outcomes (Rettew, 
Althoff, Dumenci, Ayer, & Hudziak, 2008). Our own work has begun using 
these methods to study temperament and its relation to later outcomes (e.g., 
Buss, 2011; Buss et al., 2013). These methods can be applied across behav-
ioral, biological, and social factors in order to better address questions related 
to which children and which temperamental processes account for development 
socioemotional adjustment or maladjustment.

We conclude with a few recommendations for infant temperament research 
to move forward using biopsychosocial approaches. First, identification of tem-
perament profiles (e.g., using LPA) should include both behavioral and biological 
measures. Incorporating biomarkers in the identification of temperament types 
will increase homogeneity of groups and will, in turn, improve prediction to 
socioemotional outcomes. Second, studies of temperament should always con-
sider the contexts where behavior is observed. As we have shown in our work, 
eliciting context influences the range of behaviors and physiological responses 
that will be observed. Third, because parenting and other social processes (e.g., 
peers later in childhood) influence the expression of temperamental variation 
and trajectories, these must be incorporated into research designs and statistical 
models. For instance, using growth— latent class growth and growth mixture 
(Duchesne, Larose, Vitaro, & Tremblay, 2010; Muthen & Shedden, 1999)—
models for longitudinal data will allow (1) identification of a set of distinct 
developmental trajectories, (2) identification of the interindividual differences 
in these trajectories, and (3) examination of trajectories in relation to predictors 
in infancy (e.g., parenting) and outcomes (e.g., internalizing or externalizing 
symptoms).
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Sensitive and emotionally supportive parenting is one of the most consis-
tent and robust predictors of multiple developmental outcomes in infancy 

and beyond. Parental warmth and support for children’s physical and emotional 
needs in the first year of life has been associated with the development of emo-
tion regulation abilities (Crockenberg & Leerkes, 2000), well- functioning auto-
nomic (Propper et al., 2008) and neuroendocrine (Blair et al., 2008) stress psy-
chophysiology, executive functioning (Blair et al., 2011), language development 
(Pungello, Iruka, Dotterer, Mills- Koonce, & Reznick, 2009), later behavioral 
and emotional issues (Willoughby, Mills- Koonce, Propper, & Waschbusch, 
2013), and academic competence (National Institute of Child Health and Human 
Development, Early Child Care Research Network, 1999; Rimm- Kaufman, 
Pianta, Cox, & Bradley, 2003). Because of its saliency as a key experiential 
variable during early development, a growing body of research has begun to 
examine the origins of sensitive caregiving behaviors, including biological, psy-
chological, relational, contextual, and cultural influences. This chapter focuses 
on one of the more recent inquiries in this field: the role of genetics as a source 
of individual differences in early parenting behaviors. More specifically, this 
chapter will discuss the complexities of understanding the role of genes (includ-
ing mothers’, fathers’, and children’s genotypes) on early maternal caregiving by 
adopting both a biopsychosocial and a family systems approach to the study of 
the genetics of parenting.

C h a P t e r  1 2

Genetic Correlates  
of Early Maternal Caregiving
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Belsky (1984) proposes that caregiving is multiply determined and emerges 
as a joint function of the psychological processes and resources available to the 
parent, the contextual sources of support and stress they experience, and the 
characteristics of the child. This highlights the nature of parenting as a social 
behavior, directed toward the child but influenced by both parental character-
istics and the relational and contextual environment in which those parenting 
behaviors are expressed. In this sense, when considering the possible sources of 
genetic influences on maternal care, we must focus not only on the maternal 
genotype but also on the genotypes of other members of the family. For exam-
ple, a mother’s genotype may be directly associated with her behavioral tenden-
cies, whereas the father’s and the child’s genotypes may be indirectly associated 
with the mother’s behavior via their contributions to the relational contexts 
within the family system.

Biopsychosocial and family systems models provide complementary frame-
works for understanding the interplay between genetic and experiential influ-
ences on early parenting behaviors. A biopsychosocial model posits that bio-
logical, psychological, and social factors each play a significant role in the 
consolidation, maintenance, and change in parenting behaviors over time. 
Utilizing such a framework within this domain of study is important in that 
it decreases the likelihood of interpreting correlations between genotypes and 
phenotypes in purely reductionist terms. Furthermore, such a philosophy is con-
ceptually compatible with and complementary to a family systems approach 
(Cox & Paley, 2003; Minuchin, 1974) for the study of parenting behaviors. 
Like the biopsychosocial model, family systems theory stresses the importance 
of studying persons (and phenomenon) within a hierarchy of subordinate and 
superordinate levels of functioning. As such, whereas the adoption of a bio-
psychosocial approach provides an organismic framework for the transactions 
between genes and environments as they influence early parenting, the adoption 
of a family systems approach provides a contextual framework for understand-
ing how both the genotype of the parent as well as the genotypes of other family 
members may influence the parenting behaviors of mothers and fathers.

Because the study of genetic influences on human caregiving behaviors is a 
relatively new but growing field of research, and because technological advances 
have recently altered the landscape of this domain of study, there are no clear 
studies that effectively integrate the biopsychosocial and family systems models 
as currently proposed. Therefore, we first provide a description of the various 
methodologies that have, to date, been used for examining genetic influences 
on parenting behaviors. Next we offer a review of the extant literature on this 
topic and highlight how these findings can be integrated into a more compre-
hensive developmental model of parenting during infancy. Finally, we discuss 
the implications of such a model and possible directions for future research on 
these topics.
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Methodologies for exploring genetic influences 
on Parenting

The role of genetic influence on parenting behaviors was explored in the 1970s 
and early 1980s (Plomin, DeFries, & Loehlin, 1977; Rowe, 1981, 1983), but it 
was not until the 1990s that significant empirical attention was given to the role 
of genetics (in the form of adoption and behavioral genetic studies) in human 
caregiving behavior (see Plomin & Bergeman, 1991). There is now a growing lit-
erature on the roles of genetic and environmental influence on parenting in ani-
mal models (Meaney, 2001, 2007) and across the human lifespan (see McGuire, 
2003; Mills- Koonce & Propper, 2011; Towers, Spotts, & Neiderhiser, 2001, for 
reviews), with findings indicating that both genetic and environmental influ-
ences are important for explaining individual differences in parenting. Much of 
this literature emerged from rigorously designed behavioral genetic twin studies 
and adoption studies, whereas research on the molecular genetics of parenting, 
though gradually coming into view, is still rather limited. The following sec-
tions provide basic descriptions of these methodologies. Each approach offers 
a unique perspective, each with its own strengths and weaknesses, that can 
help untangle the complex associations between genetics and parenting during 
infancy.

Behavioral Genetics

A behavioral genetics approach views parenting behaviors as “phenotypes” 
that can be directly influenced by the parental or child genotype (McGuire, 
2003). These phenotypes can include any measured behaviors or traits, such as 
parental warmth or harshness, which may differ across monozygotic and dizy-
gotic twins. By utilizing the equal environments assumption, which suggests 
that environmentally induced similarity is approximately the same for twins 
reared in the same family, twin studies have become a mainstay of behavioral 
genetics and serve as a useful methodology for establishing the heritability of a 
given phenotype. This is achieved by using statistical methodologies to partition 
phenotypic variance in parenting behaviors across monozygotic and dizygotic 
twins into genetic and environmental components, with the environmental por-
tion of the variance further divided into shared and nonshared components (see 
Rowe, 1994). To accomplish this, twin studies take advantage of the genetic 
difference between monozygotic twins, who share 100% of their genes, and 
dizygotic twins, who typically share 50% of their genes (comparable to any full 
sibling pair). Such an approach assumes that if monozygotic twins are more 
similar than dizygotic twins for a given phenotype, then the heritability of that 
phenotype (or its genetic origins) may be greater than the environmental influ-
ences on the phenotype.



262 PART III. SOCIAL AND EMOTIONAL PROCESSES 

Two types of twin studies have been used to examine parenting behaviors. 
The first methodology examines the caregiving behaviors of twin parents to 
directly compare parenting quality across monozygotic and dizygotic adult twin 
pairs (each with their own children). These analyses consider the genetic effects 
of the parent on parenting behavior. The second approach involves comparing 
the caregiving behaviors of a single parent across her monozygotic or dizygotic 
twin pairs. These analyses consider the effects of child genotype as evocative 
of variations in parenting behavior. Each approach identifies the percentage of 
variation in caregiving behavior that is unique to genetic origins (either in the 
parent or the child) or environmental origin.

Although these studies have been informative for describing parenting 
behaviors at the population level, two criticisms have been levied against this 
methodology. The first is that twin studies of parenting do not adequately 
address individual differences in parenting behaviors; the second concern is that 
they do not adequately account for gene– environment interactions in the devel-
opment of parenting behaviors. In addition, there have been concerns regarding 
the generalizability of twin studies to nontwin populations, such as having a 
greater likelihood of being born prematurely or low birth weight (twin new-
borns are typically 30% lighter than singletons) and differential in utero experi-
ences for twins (Knickmeyer et al., 2011; Min et al., 2000; Pol et al., 2002), so 
findings from behavioral genetic twin studies should be interpreted with these 
cautions.

Adoption Studies

Adoption studies are a less common but highly informative source for under-
standing child genetic influences within the family system. Adoption designs 
include either family members reared together who are not genetically related to 
each other or family members who are genetically related but were adopted into 
different families. The most sound adoption studies include data on both the 
biological and adoptive parents, and preferably cases in which the adopted child 
has limited or no contact with the biological parents. These studies allow for 
children to be grouped or identified as being at elevated “genetic risk” due to the 
psychopathological characteristics of their biological parents (if that informa-
tion is available). The caregiving behaviors across adoptive parents can then be 
compared as a function of child genetic risk, which is independent of any genetic 
risk of the adoptive parent.

Molecular Genetic Studies

The sequencing of the human genome and the growing understanding of the 
functions of gene pathways provide powerful tools for identifying genetic 
variations that contribute to human behavior. Complementary advances in 
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biotechnological and statistical research methodologies allow for social scien-
tists to now examine variations across individual genes (or clusters of genes) and 
to relate that genetic variation to individual differences in phenotypic behav-
iors. The benefit of molecular genetic studies is that individual differences in 
parenting behaviors can be directly tested as a function of specific and known 
differences across genotypes. The drawback of molecular genetic studies is that 
single- gene (and even multigene) studies are not likely to be overly informative 
regarding complex social behaviors such as parenting. Instead, genetic effects 
are likely to result from complex interactions across multiple genes and with 
multiple environmental experiences. Due to the complexities of such interac-
tions, relatively large sample sizes and highly sensitive behavioral measures are 
required in order to achieve adequate power to detect such genetic influences.

Although each of the above methodologies have strengths and weaknesses, 
all three (behavioral genetics, adoption studies, and molecular genetics) offer 
insight into the developmental origins of variations in caregiving behaviors. Fur-
thermore, each approach can utilize principles from both biopsychosocial and 
family systems theories to better ground specific findings within the multilevel 
dynamic system in which early caregiving behaviors occur. In the next section 
we highlight research on the various types of genetic influence on early maternal 
sensitivity and then discuss the implications and limitations of these findings.

Mechanisms of genetic influence on Maternal Caregiving

There are three primary mechanisms by which genetic influences within the 
family system may influence sensitive maternal caregiving (see Figure 12.1). The 
first mechanism involves direct mother gene- behavior associations or gene– 
environment interactions (G × E) as predictors of maternal behaviors. The sec-
ond and third mechanisms involve two types of gene– environment correlations 
(rGEs). Evocative gene– environment correlations occur when the genotype of 
the child is associated with a pattern of child behavior that in turn elicits a spe-
cific type of maternal caregiving. Active gene– environment correlations occur 
when the genotype of the mother is associated with maternal self- selection into 
contexts of stress and/or support in her life (e.g., her romantic partner, social 
support network).* Interestingly, these three mechanisms of genetic influence on 
parenting behavior parallel Belsky’s (1984) proposal that caregiving is the joint 
function of psychological processes (direct maternal genotype influence), char-
acteristics of the child (child evocative rGE influence), and contextual sources of 

*A third type of gene– environment correlation, the passive rGE, occurs when the association 
between the child’s genotype and parents’ caregiving is due to shared genes with the parent whose 
genotype is primarily responsible for her behavior. In this sense, the passive rGE is subsumed 
under the previously described direct effect of maternal genotype on maternal caregiving behav-
ior.
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support and stress (maternal active rGE influence). Next we provide evidence 
for these three mechanisms of genetic influence on maternal caregiving as taken 
from twin, adoption, and molecular genetic studies.

Direct Associations between Maternal Genotype 
and Maternal Caregiving

Behavioral genetic studies using twin parents have identified both genetic and 
environmental sources of variation in parenting behaviors. Reiss (2005) reported 
stronger correlations in self- reported warmth, hostility, and monitoring among 
monozygotic than dizygotic twins, which are similar to other heritability esti-
mates from twin studies of observed maternal warmth (Losoya, Callor, Rowe, 
& Goldsmith, 1997; Neiderhiser & Lichtenstein, 2008; Neiderhiser et al., 2004) 
and child- reported maternal monitoring (Neiderhiser et al., 2004). These stud-
ies provide evidence that, at the population level, variation in human caregiving 
behaviors is in part due to variations in genetic makeup. These findings are not 
surprising, but they provide only a glimpse into the complexity of the intricate 
relationship between a mother’s genotype and her caregiving phenotype. Under-
standing caregiving behaviors that emerge from the complex interplay among 
biological, psychological, and experiential variables requires multilevel analyses 
capable of addressing individual differences in parenting behaviors. In other 
words, although this approach is informative, it fails to address the complexity 
of this phenomenon from either a biopsychosocial or family systems perspective.

There are, however, several studies identifying specific genes that may 
affect the development of key neurological systems associated with measurable 
differences in both parenting behaviors and psychological factors associated 
with parental functioning. To date, most of this research has focused on genetic 
contributions to basic individual personality and temperament characteris-
tics (Coplan, Reichel, & Rowan, 2009; McCrae et al., 2000; Rothbart, 2007; 

Maternal 
Caregiving

Maternal 
Genotype

Partner Characteristics and 
Extrafamilial Context Variables 

Child
Behavior

Child
Genotype

FiguRe 12.1. Conceptual model of potential family- level genetic influences on maternal 
caregiving, including direct effects of maternal genotype on caregiving, evocative gene– 
environment correlations, and active gene– environment correlations.
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Rothbart, Ahadi, & Evans, 2000), and some of these characteristics, such as 
the “Big Five” (neuroticism, extraversion, agreeableness, conscientiousness, and 
openness to experience), have independently been related to parenting behav-
iors. For example, neuroticism has been associated with less optimal parenting, 
including less warmth, positive affect, nurturance, and responsiveness and more 
intrusiveness (Belsky, Crnic, & Woodworth, 1995; Clark, Kochanska, & Ready, 
2000; Koenig, Barry, & Kochanska, 2010; ; Kochanska, Clark, & Goldman, 
1997; Kochanska, Friesenborg, Lange, & Martel, 2004; Losoya et al., 1997; 
Metsäpelto & Pulkkinen, 2003; Prinzie et al., 2004; Spinath & O’Connor, 
2003). Research has also identified associations among agreeableness and paren-
tal positive affect, sensitivity and lower levels of detachment (Belsky et al., 1995), 
positive interactions and more responsiveness (Clark et al., 2000; Kochanska 
et al., 2004), nurturance (Metsäpelto & Pulkkinen, 2003), and less overreac-
tive parenting (Prinzie et al., 2004). Openness and conscientiousness have been 
associated with greater levels of sensitivity and positive expressiveness (Smith 
et al., 2007) and more positive emotion socialization practices (Hughes & Gul-
lone, 2010), and negatively related to negative control in parent– child interac-
tions (Karreman, van Tuijl, van Aken, & Dekovi, 2008). Extraversion has been 
associated with more positive affect and sensitivity (Belsky et al., 1995), lower 
levels of power assertion (Clark et al., 2000), more awareness of child behav-
ior (Kochanska et al., 2004), and nurturance (Metsäpelto & Pulkkinen, 2003). 
Last, conscientiousness has been correlated with more responsiveness and less 
power assertion (Clark et al., 2000) and restrictiveness (Metsäpelto & Pulkki-
nen, 2003). Similarly, higher levels of parent self- regulation are also associated 
with more optimal parenting (Cumberland- Li, Eisenberg, Champion, Gershoff, 
& Fabes, 2003), whereas parents’ general negative affectivity and depressive 
symptoms have been likewise associated with less optimal parenting (Downey 
& Coyne, 1990; Fish, Stifter, & Belsky, 1991). Each of these individual person-
ality or behavioral characteristics have also been associated with specific gene 
variants (see Table 12.1), suggesting that such personality dimensions may be 
one mechanism through which an individual’s genotype influences early care-
giving behaviors.

There is also an emerging literature directly examining associations 
between molecular genetics and parenting behaviors. Whereas much of this 
research has occurred in animal models of offspring caregiving (see studies 
of maternal behavior related to the FosB gene in mouse mothers: Brown, Ye, 
Bronson, Dikkes, & Greenberg, 1996; Kuroda et al., 2007; Kuroda, Meaney, 
Uetani, & Kato, 2008) and the serotonin transporter gene (5-HTTLPR) in 
rhesus macaque mothers; McCormack, Newman, Higley, Maestripieri, & San-
chez, 2009), an increasing number of studies have directly examined human 
genetics and early caregiving behavior. One of the first studies on this topic, 
reported by Bakermans- Kranenburg and van IJzendoorn (2008), identified a 
gene × gene interaction (G × G) for mothers (a combination of the less efficient 
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variant of the serotonin transporter gene [5-HTT s/s] and the oxytonergic 9AA/
AG system gene) that predicted lower levels of sensitive responsiveness to their 
infants and toddlers. This combination of genes involved a comparable variant 
of the serotonin transporter gene associated with less optimal care in rhesus 
macaques (McCormack et al., 2009) and an oxytonergic gene variant thought 
to be associated with circulating oxytocin, a hormone associated with bonding 
and caregiving behaviors in humans and nonhuman primates (Feldman, Weller, 
Zagoory- Sharon, & Levine, 2007). In fact, recent research on the genetics of 
the oxytocin system and how it relates to parenting behaviors provides further 
support for direct associations between maternal genotype and the parenting 
phenotype. On this topic, Mileva-Seitz and colleagues (2013) reported that two 
polymorphisms in the oxytocin peptide gene and one polymorphism in the oxy-
tocin receptor gene were significantly associated with maternal vocalizing and 
eye gaze with the infant at 6-months postpartum. And perhaps more important, 
Feldman and colleaues (2012) have recently demonstrated a biological model for 
this association with a study that linked the “risk” variants of specific oxytocin 
receptor genes to lower levels of plasma oxytocin circulating in the body and to 
lower levels of parent– infant gaze synchrony.

This research is new, but quite intriguing, and demonstrates the utility of 
adopting a multilevel approach for identifying these associations and the mech-
anisms that may connect an individual’s genotype and phenotype. However, 
although such single- and multigene studies of maternal behavior are informa-
tive of potential biological mechanisms underlying the manifestation of such 
maternal care, a biopsychosocial perspective also necessitates the consideration 
of coactional processes between genotype and environmental influences on the 
parenting phenotype. On this topic, van IJzendoorn, Bakermans- Kranenburg, 
and Mesman (2008) reported that variations in a dopamine D4 receptor 

taBLe 12.1. adult Characteristics and associated gene Variants

Adult characteristics

Genes

DRD2 DRD4 5-HTT COMT OXT MAOA

Neuroticism   

Agreeableness  

Extraversion  

Openness  

Conscientiousness  

Self-regulation     

Negative affectivity   

Depressive symptoms  

Social bonding and trust 
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(DRD4) gene and a catechol- O-methyltransferase (COMT) gene jointly moder-
ated mothers’ vulnerability to the negative influences of daily hassles on their 
sensitive caregiving behavior (G × G × E interaction). Their research indicates 
that mothers who had the combination of the val/val or val/met COMT poly-
morphism and the DRD4 7-repeat polymorphism were observed to be less 
sensitive in parent– child interactions when they reported high levels of daily 
hassles. Interestingly, mothers in the study who had this combination of dopa-
menergic genes and lower levels of daily hassles were observed to be more sensi-
tive, suggesting that this particular combination of genes resulted in a greater 
susceptibility to environmental stress for some mothers as a function of their 
genotype. As suggested by the authors of the study, this combination of genes 
may actually result in inefficiencies within the dopaminergic system that may 
leave the mother more vulnerable to the effects of environmental stress.

A separate potential association between dopaminergic system and mater-
nal caregiving behaviors has also been identified in an examination of the 
dopamine transporter gene (DAT1) and positive and negative parenting behav-
iors and maternal commands (Lee et al., 2010). Across DAT1 genotypes (9/9, 
9/10, and 10/10) there were significantly higher levels of negative parenting and 
maternal commands observed among mothers with 9/10 and 10/10 genotypes 
as compared with 9/9 mothers. However, this effect was moderated by child dis-
ruptive behavior. The DAT1 group differences in parenting were only observed 
under conditions of elevated child disruptive behavior such that at lower levels 
of child disruptive behavior there were no differences in parenting across DAT1 
genotypes. Whereas the previous study by van IJzendoorn et al. (2008) identi-
fied a potential genetic susceptibility model (in which the influence of environ-
mental variation was dependent on maternal genotype), the findings by Lee and 
colleagues (2010) suggest that the influence of genetic variation on maternal 
parenting is constrained by environmental factors. Despite the functional dif-
ference across the G × E models, each finding is consistent with the role of dopa-
mine in the cognitive and affective processes (particularly within the anterior 
cingulated cortex) that may mediate complex social behaviors such as parenting 
(Brunton & Russell, 2008; Fan, Hof, Guise, Fossella, & Posner, 2008).

Taken together, evidence for maternal genetic effects on caregiving behav-
iors from twin studies and from molecular genetics research each support the 
supposition that parental genetics are associated with variations in caregiv-
ing behaviors. However, these associations are often only modest to moderate 
in strength and there are inconsistencies across studies with regard to which 
caregiving dimensions or qualities show the strongest genetic correlations. For 
example, most of the behavioral genetic studies indicate stronger genetic cor-
relations for negative caregiving behaviors than sensitive caregiving, whereas 
to date there are both correlations with sensitive and negative maternal care 
reported from molecular genetic studies. Furthermore, studies of individual dif-
ferences using candidate genes illustrate that small genetic correlations should 
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be expected when the direct effects of genetics are examined in isolation. In 
contrast, more clear effects may be present when multigene × environment inter-
actions are considered, and to date these analyses highlight the importance of 
recognizing that no single gene is going to be directly responsible for a behav-
ioral phenomenon as complex as parenting. In fact, many genes that are associ-
ated with parenting behaviors may in actuality not be directly associated with 
the parenting phenotype at all, but rather be associated with variation in an 
individual’s sensitivity to environmental influence, variation in basic automatic 
or effortful processes such as individual reactivity, self- regulation, or executive 
functioning, or variation in susceptibility to psychopathology. Each of these 
possibilities provides a bridge that could serve as an indirect link between geno-
type and the early caregiving phenotype, and we are only at the tip of the ice-
berg in understanding these dynamic processes within individuals.

This organismic view of the etiology of parenting behavior is consistent 
with core tenets of a biopsychosocial approach to the study of early maternal 
caregiving. However, a family systems approach suggests that only examining 
the direct effect (and interactions) of maternal genetics is also limited because 
we are not examining mothers’ genotypes within the embedded relationships of 
the family system. The next sections illustrate the utility of integrating biopsy-
chosocial and family systems models by considering how a mother’s genetics 
may affect the quality of her caregiving environment via the behavior of others 
in the family.

Evocative Gene–Environment Correlations

One process by which maternal genetics may indirectly influence her parent-
ing behavior is through evocative gene– environment correlations (Plomin et al., 
1977; Scarr & McCartney, 1983), a process by which the child elicits specific 
types of parenting behaviors. In this mode of transmission, the child’s geno-
type (as inherited partially from the mother) influences child temperament and 
behavior, which in turn evoke responses from the environment, in this case the 
child’s mother (Jaffee & Price, 2007). This model of child influence on par-
enting behavior was evidenced prior to genetically informed studies of parent-
ing by research on child temperament and variations in maternal caregiving. 
For example, Mills- Koonce and colleagues (2007) and van den Boom (1994) 
reported that highly irritable infants received less sensitive care from their moth-
ers and were at greater risk for developing insecure attachment relationships. 
Furthermore, whereas sensitive parenting can be challenged and reduced by 
child negativity, it can be enhanced when the child positively stimulates the 
mother and responds to her bids for interaction (Atkinson et al., 1999; Cox, 
Owen, Henderson, & Margand, 1992; Kochanska, 2001; Thompson, 1997; 
van den Boom, 1997). Attentive children who respond positively to their moth-
ers tend to elicit more sensitive caring, warmth, and attention from them than 
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children who are highly reactive and not easily soothed (Thompson, 1997; van 
den Boom, 1997; Shamir- Essakow, Ungerer, Rapee, & Safier, 2004).

Behavioral genetic twin studies have evidenced support for the notion that 
heritable characteristics of children influence measures of family environment 
(see Hur & Bouchard, 1995; O’Connor, Heatherington, Reiss, & Plomin, 1995), 
including a recent meta- analysis suggesting that genetically influenced behaviors 
of the child may affect and shape parental behavior (Avinun & Knafo, 2013). 
Previous research on identical and fraternal twins reports different child experi-
ences of caregiving within the household that appear to be genetically mediated 
(on the part of the child; Rowe, 1981, 1983). Not surprisingly, differences in the 
care these children receive are associated with differences in their developmental 
outcomes (Caspi et al., 2004). On this topic, Boivin et al. (2005) reported that 
monozygotic twins experienced more similar levels of hostile– reactive maternal 
caregiving than did dizygotic twins. Furthermore, the association between child 
genetics and maternal hostile– reactive caregiving was primarily mediated by 
infant difficultness, although it should be noted that this effect was moderate 
in size (with approximately 31% accounted for by genetic factors as compared 
with 53% due to common environment effects and 16% due to unique envi-
ronment effects). In addition, Forget- Dubois et al. (2007) reported a compa-
rable child- evocative effect, but emphasized that the strength of the effect varied 
considerably across infancy and early toddlerhood. Indeed, in older children, 
similar reports of small to moderate genetically mediated child effects on par-
enting have also been reported, including child effects on parental negativity 
(Feinberg, Neiderhiser, Howe, & Hetherington, 2001; Knafo & Plomin, 2006; 
Larsson, Viding, Rijskijk, & Plomin, 2008; Narusyte, Andershed, Neiderhiser, 
& Lichtenstein, 2007) and maltreatment and neglect (Schulz-Heik et al., 2009). 
In addition, there is also evidence for genetically mediated child effects on sensi-
tive caregiving. Deater- Deckard (2000) reported genetic, shared and nonshared 
environmental influence on variation in observations of maternal responsive-
ness to young children, as well as mother- reported positive and negative affect 
directed toward the child. In comparison to parental negativity, there is sig-
nificantly less behavioral genetic research identifying genetically mediated child 
effects on maternal sensitivity, including research that found no genetic effects 
on this dimension of parenting (Roisman & Fraley, 2008).

In addition to twin studies, adoption studies provide convincing evidence 
that behaviors associated with a child’s genetic makeup may evoke specific styles 
of maladaptive parenting. For example, Ge, Best, Conger, and Simons (1996) 
reported a significant association between biological parents’ psychiatric status 
and adoptive parents’ child- rearing behavior. This genotype– environment asso-
ciation was mediated by the psychopathology of the adopted child, and in the 
case of the mother, appeared to reflect bidirectional effects such that the anti-
social behavior of the child led to the mother’s harsh parenting, which in turn 
exacerbated the child’s level of antisocial behavior. Extending these findings, 
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O’Connor, Neiderhiser, Reiss, Hetherington, and Plomin (1998) found that 
children born to antisocial mothers were more likely to receive negative parent-
ing from their adoptive caregivers and that this association was mediated by 
the child’s disruptive behavior. In replicating these findings, Riggins- Caspers, 
Cadoret, Knutson, and Langbehn (2003) found that such evocative child effects 
were present, but were evidenced only in high-risk families (as defined by high 
levels of psychopathology, legal, or marital problems among the adoptive par-
ents).

Although adoption and twin studies have been fruitful in identifying chil-
dren’s genetic variability as a potential source of variation in parenting behav-
iors, the ability to directly examine candidate genes and their effects on the 
family system is a relatively new approach to examining gene– environment cor-
relations and interactions (Rutter, 2006). To date we are aware of only two pro-
spective studies that have reported correlations between polymorphic variants 
in the child and the caregiving of the parent. Propper, Willoughby, Halpern, 
Carbone, and Cox (2007) found that children with the long variant of a DRD4 
gene received less sensitive caregiving (although not more harsh caregiving) than 
did children with the short variant of the same gene. Because this was a study 
of child G × E effects on the development of internalizing and externalizing 
behaviors, the correlation between the child gene and parenting behavior could 
potentially have been the result of evocative or passive genetic effects. How-
ever, variations in this gene have been associated with individual differences in 
infant engagement and activity levels (Cloninger, 1987; Ebstein et al., 1998), 
characteristics that may evoke differential responding from mothers. Another 
study examining a dopaminergic gene, the dopamine D2 receptor gene (DRD2) 
found that children with the A1

+ allelic variant of the gene received significantly 
less sensitive caregiving than children with the A1

– variant (Mills- Koonce et al., 
2008; see also Propper, Shanahan, Russo, & Mills- Koonce, 2012). In this study, 
the effect of the child gene was independent of the effects of the maternal gene, 
suggesting that the association was indeed evocative and not passive in nature. 
Unfortunately, this study was not able to detect a mediating child behavioral 
mechanism responsible for the differences in receipt of maternal care across 
children with different DRD2 polymorphisms. Dick, Rose, and Kaprio (2006) 
was moderately successful in identifying a mediator of a potentially evocative 
gene– environment correlation between child genotype (a DRD2 receptor vari-
ant) and retrospective report of their receipt of care from mothers and fathers. 
Specifically, those with the exon 8-A DRD2 allele reported receipt of signifi-
cantly more paternal rejection and maternal and paternal overprotectiveness; 
effects partially mediated by their self- report of temperament. Unfortunately, 
this study did not include parental genotype controls and relied on retrospective 
self- report (which is prone to perceptual biases) as opposed to more objective 
(and prospective) observations of behavior. More recently, Mileva-Seitz et al. 
(2012) reported associations between multiple single- nucleotide polymorphisms 
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in the DRD1 and DRD2 genes and maternal responsiveness, further implicat-
ing children’s dopaminergic functioning as a potential biological basis for child 
characteristics that evoke variation in maternal care.

Evocative gene– environment correlations provide one mechanism by which 
maternal genotypes indirectly influence maternal behaviors. However, the bio-
logical transmission of genetic material from parent to offspring is not the only 
means by which mothers’ genotypes may influence their environments. In the 
next section, we describe how mothers’ genotypes may influence their self- 
selection into certain environments or relationships that, in turn, influence their 
parenting behaviors.

Active Gene–Environment Correlations

Active gene– environment correlations refer to the processes by which genetic 
factors “push” or “nudge” persons (i.e., self- selection) into certain types of 
environments. The literature on active gene– environment correlations is the 
most limited of the three potential genetic mechanisms for influencing parental 
behaviors. This is partly due to the difficulty of disentangling active and evoca-
tive gene– environment correlations and partly due to this being a new field of 
research that is still in its early infancy. However, there is evidence suggesting 
that active maternal rGE effects on caregiving behaviors are not only possible 
but probable. For example, there are numerous twin studies that have exam-
ined the “genetics of experience” and subsequently identified several domains 
of life experience relevant to parenting behaviors that also vary according to 
individual genotype. Such studies include genetic correlations with life stress-
ors (Plomin, Lichtenstein, Pedersen, McClearn, & Nesselroade, 1990), divorce 
(McGue & Lykken, 1992), the propensity to marry (Johnson, McGue, Krueger, 
& Bouchard, 2004), marital quality (Spotts et al., 2005), and social support 
(Bergeman, Plomin, Pedersen, & McClearn, 1990), as well as a wide array of 
individual interests. The active gene– environment correlation model is also con-
sistent with assortative mating theories, which suggest nonrandom mating pat-
terns in which individuals with similar genotypes and/or phenotypes mate with 
each other more frequently than what would be expected under a random mat-
ing pattern. For example, there is (1) evidence that psychopathologies such as 
substance abuse, antisociality, and depression in mothers may have underlying 
genetic influences; (2) evidence that there are correlations among these psycho-
pathological symptoms across partners (or parents); and (3) evidence that those 
behaviors in the father may affect early maternal care above and beyond those 
behaviors in the mother. However, we are currently unaware of a single study 
that has pulled each of these threads together in a single specific model of active 
gene– environment correlations with early maternal care. Furthermore, much of 
the work to date has not been adequately studied or replicated (or even repre-
sented in the molecular genetics literature), but the behavioral genetics findings 
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suggest the potential for genotypes to actively select into specific contexts or 
experiences that may influence the quality of maternal caregiving behaviors.

Future Directions and Considerations

As illustrated in the previous sections, a biopsychosocial approach to unravel-
ing (to the degree possible) the genetic influences on early parenting behavior 
necessitates the consideration of multilevel gene– environment correlations and 
gene– environment interactions, as well as the interdependencies of subsystems 
within the family as contexts for genetic expression. Here it is important to 
remember the social and dyadic nature of parenting and the multiple means 
by which genetic influence may manifest within the family system. Figure 12.1 
provides a conceptual model of the complex gene– environment interplay within 
and across family relationships. As is often the case for developmental research-
ers, translating these complex models into testable research questions is no easy 
feat! However, several researchers have already begun to untangle these pro-
cesses, and below we highlight some new directions for future research on this 
topic and consider the clinical implications for the burgeoning field of study.

A Complex Model for a Complex Phenomenon:  
Can We Find Testable Hypotheses?

First, let us again consider why parenting behavior is such a complex phenom-
enon. Parenting behavior is not a simple response to stimuli, nor is it fully a 
conscious or automatic process. It is a biopsychosocial product of ongoing inter-
actions among one’s genetics, neurological and endocrine activity, psychological 
processes (including current cognitions and a history of internalized experiences 
from birth onward), and micro- and macroenvironmental influences ranging 
from interpersonal relationship qualities to cultural variations in behaviors and 
attitudes. Therefore, in addition to endogenous biological mechanisms that 
mediate genetic effects, Figure 12.1 reminds us to take an organismic approach 
and consider that these endogenous processes are nested within a complex fam-
ily system and broader environment. As such, it is likely wise for future research 
to focus less on the individual as the unit of analysis (in this case, individual is 
defined as the mother with a focus solely on her genotype), and instead focus on 
the family system as the unit of analysis, thus allowing for simultaneous con-
sideration of the biobehavioral connections among family members as codepen-
dent on one another. For example, as Figure 12.1 suggests, maternal parenting 
can be viewed as a phenotypic behavioral outcome that emerges as a function of 
maternal gene– environment coactions. However, maternal parenting can like-
wise be viewed as (1) an environmental context for children that can be manipu-
lated by child factors; and (2) a product of her environment that the mother 
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has self- selected into based on genetically mediated phenotypic behaviors that 
increase the probability of her being in a specific type of romantic relationship, 
social network, or exposed to certain life circumstances. In other words, inas-
much as we consider the role of mothers’ genotypes as a direct influence on their 
phenotypic behaviors, we must equally consider the role of mothers’ genotypes 
in the construction of their social worlds.

How might this work? Previous research has already examined the role of 
infant behavior on maternal parenting; now we must consider (1) the genetic 
correlates of those infant behaviors, (2) the linkages between those genes in the 
child and those in the mother, (3) whether infant behaviors mediate associa-
tions between child genes and maternal parenting, and (4) whether these medi-
ated pathways exist above and beyond the direct associations between mater-
nal genes and maternal parenting. This is no small task, but there is already 
evidence for (at least) comparable levels of child genetic effects on caregiving 
as there is for parent genetic effects on caregiving. Most mothers in the studies 
described in this chapter were between 20 and 38 years of age, meaning that 
their phenotypic behaviors, unlike that of their children, have been influenced 
by a long history of environmental experiences. Thus, it is not surprising that 
neither behavioral genetic studies nor single- gene association studies reveal sub-
stantial genetic effects on a behavioral system as complicated as parenting. By 
contrast, the interactive styles of young children in the first year of life may 
appear more heavily influenced by genetic variation because of a limited degree 
of environmental experiences and their more limited resources (i.e., physiologi-
cal, cognitive) for control at that age. Thus, in the absence of complex suprage-
netic systems such as those available to the parent, genetic differences may more 
directly correlate with child behavior, and thereby have the capacity to exert an 
evocative influence on parenting behavior. Of course it is also possible that these 
two mechanisms (child and parent mediated) are not mutually exclusive and 
may work in tandem, thus creating a conservative and stable subsystem within 
the family that fosters the transgenerational transmission of caregiving from 
one generation to the next.

The role of child evocative effects is not new to the study of parenting 
behaviors, and the roles of infant and child genotypes within these processes 
have recently begun to receive more empirical attention, yet much less is known 
about the possibility of active gene– environment correlations that manifest 
themselves as mothers self- select into environments based on genetically medi-
ated characteristics. Again, there is an expansive current literature on relational 
and contextual effects on parenting, but to our knowledge, none have consid-
ered the underlying role of maternal genetics in these social processes. As an 
important next step in this line of research, studies should begin to ask whether 
environmental experiences are randomly distributed across different genotypes, 
of if there is evidence of a genetically mediated selection effect, and what are 
the biobehavioral mechanisms explaining this linkage. For example, consider a 
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woman with a genetic predisposition for impulsivity, thrill seeing, and reward 
dependence. Is it more or less likely that she would find a romantic partner who 
displays the same types of behaviors as compared with a partner who is phe-
notypically reserved, passive, and cautious? The proverb opposites attract for 
romantic relationships is often not supported empirically with studies suggest-
ing that assortative mating patterns for humans are characterized by unions of 
individuals with common biobehavioral phenotypes (Thiessen & Gregg, 1980). 
Future research must address the question of whether the reinforcement of com-
mon biobehavioral phenotypes affects the quality of care that both parents pro-
vide to their infant, and the role of active gene– environment correlations in this 
process. These are testable biopsychosocial questions and hypotheses that to 
date have largely been unexplored.

Last, this chapter has focused exclusively on the role of the genotype as it 
relates to mothers’ parenting of infants; however, research is quickly moving in 
the direction of better understanding the epigenome and the role of epigenetics 
as a mechanism for linking environmental experiences to long-term biological 
and behavioral outcomes for individuals. This is a critical new direction for the 
study of parenting genetics. Whereas we have discussed at length the role of the 
environment as a moderator, or even mediator, of genetic effects on maternal 
parenting, epigenetic processes offer a means by which the genome can medi-
ate environmental experiences, both for the individual and for the individual’s 
future offspring. In many ways, epigenetics is the new frontier of developmental 
biopsychosocial research It should be noted, however, that although exciting, 
these processes are not mutually exclusive from the previously described genetic 
influences on maternal parenting. As such, epigenetics should be considered as 
an additional process that occurs during development as opposed to an alterna-
tive.

The Implications of Genetic Studies for Parenting Interventions

The many possibilities by which genetic factors may influence parenting behav-
iors lead to questions regarding the implications for therapeutic and intervention 
programs designed to improve parent– child relationships and family function-
ing. Behavioral genetic studies have provided evidence to support maternally 
mediated genetic effects (direct and indirect) and child- mediated genetic effects 
on parenting behavior. More recently, molecular genetic studies have allowed 
researchers to identify specific genetic sources of risk for maladaptive parenting 
outcomes as well as heightened genetic susceptibility to environmental effects 
on parenting behaviors. Applying a genetic level of analysis to dysfunctional 
parent– child relationships may allow for a more refined understanding of the 
source of difficulty or pathology within the family system and thus a more tai-
lored approach to intervention or family therapy. Of course, this research is still 
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in its infancy, and while such therapeutic possibilities are not currently avail-
able, the potential for their future application is compelling.

Concluding Comments

Finally, as technology and analytic application progress, the possibilities for 
genetic studies of parenting and even broader family functioning will only 
increase. For example, the utilization of genome- wide association studies to 
examine the full human genome for correlations with phenotypic behaviors 
is already available for social scientists and family researchers. Although such 
potential is thrilling, it is not without pitfalls. Genetic “fishing expeditions” that 
have searched for single- gene associations with complex behaviors have often 
produced mixed and nonreplicated results. Nevertheless, behavioral genetic 
strategies, particularly when combined with new brain imaging techniques, 
appear very promising. The ability to characterize specific behaviorally rele-
vant genetic polymorphism will also allow powerful tests of gene– environment 
interactions to further our understanding of parenting behaviors. Given our 
limited knowledge of how many of these processes work, a more conceptually 
driven approach involving joint analyses of specific gene systems (with known 
functional relevance) and high- quality environmental measures is likely to bear 
reliable and informative fruit. It stands to reason that future studies of par-
enting and family functioning will include a greater representation of geneti-
cally oriented analyses. However, while social scientists and family researchers 
should embrace this new paradigm, we should also avoid losing sight of the 
importance of the high- quality behavioral, relational, and contextual measures 
that have been developed and validated as our “bread and butter” of the past 
several decades. Only in the context of these experiences, and in relation to 
these behaviors, can truly meaningful information be extrapolated from genetic 
studies of family function.
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Interconnection is a cornerstone of the human experience. Human affiliative 
bonds are formed through social interactions that entail rhythmic movements 

from synchronous to asynchronous exchanges. Our brain similarly functions 
on the basis of complex interconnections and synchronous exchanges among its 
~86 billion neurons and 1011 synapses (Herculano- Houzel, 2009, 2012). Like 
synchronous interactions, which are not predetermined but emerge as a self- 
organizing process from the inputs of social partners (Feldman, Bamberger, & 
Kanat- Maymon, 2013), the immense complexity of the brain is not rooted only 
in its genetic code but in its self- organizing nature (Bullmore & Sporns, 2009; 
Bullmore & Sporns, 2012; Herculano- Houzel, 2009). What are the essential 
ingredients that allow our brains to develop to their full potential? It may be 
that the realization of the massive complexity of our brains largely depends 
on the richness of experience, particularly experiences occurring during early 
development and within the parent– infant bond. Synchronous experiences 
between parents and their infants provide the platform from which infants can 
experience their world as rich, safe, and involving multitude. Such synchronous 
exchanges afford the development of neural, physiological, mental, social, and 
behavioral systems (Feldman, 2007c, 2012b). One may argue that synchrony 
between the infant’s physiological states and those of the caregiver during early 
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face-to-face interactions afford a rich and safe experience that enables optimal 
brain development.

In order to investigate the role of parent– infant synchrony in the develop-
ment of brain and behavior, we describe research applying the mechanism of 
biobehavioral synchrony to the study of human development. Biobehavioral 
synchrony is a process that details the ongoing coordination of physiology and 
behavior between attachment partners during social contact (Feldman, 2007c, 
2012a, 2012b, 2012c, 2013). It implies a behavioral- based approach in which 
social behavior, beginning with the earliest interactions between parents and 
infants, are mapped onto biological processes and are tested in relation to later 
physiological markers and social competencies (Feldman 2012a, 2012b). Syn-
chrony as a term has been coined during the early 20th century, to describe 
goal- directed action among groups of living organisms— ants, fish, or birds. 
Whether groups of ants (Wheeler, 1928), flocks of birds (Shaw, 1978), groups of 
fish (Greenwood, Wark, Yoshida, & Peichel, 2013), or swarms of locust (Swid-
bert & Rogers, 2010), animal research has demonstrated the ways by which 
organisms synchronize activity toward the accomplishment of social goals.

In humans, synchrony has been mostly researched within the context of 
affiliative bonds, which are defined by being both selective and enduring, par-
ticularly the parent– infant attachment relationship (Feldman, 2007c, 2007d). 
Within the parent– infant context, synchrony denotes the temporal coordinated 
relationship of social behaviors between partners. Inspired by an ethological 
framework (Lorenz, 1950; Tinbergen, 1963), which described how synchrony 
in mammals is moved to the intimacy of the parent– infant bond, synchrony is 
meticulously observed in naturalistic interactions. The building blocks of syn-
chronous behavior are microcoded within the basic building blocks of human 
social behavior, including gaze, arousal, vocalizations, proximity, and touch 
modalities. Synchrony describes the coordination between these various dimen-
sions of nonverbal social behavior and their physiological biomarkers.

Figure 13.1 (p. 288) presents an overall view of a biobehavioral synchrony 
model, depicting the integration and embeddedness of behavioral and biological 
components within context. The figure also delineates the components of biobe-
havioral synchrony that are reviewed in this chapter. We begin with a detailed 
description of behavioral synchrony and its ontogeny. We continue by exploring 
our research that has delved into the coordination of behavioral synchrony with 
biological function in three specific physiological pathways: the autonomic ner-
vous system (heart rate and cardiac vagal tone measures), the endocrine system 
(hormonal biomarkers), and the brain (functional magnetic resonance imag-
ing [fMRI] studies). We then describe studies that have explored biobehavioral 
synchrony in various psychopathologies and risk factors (premature birth, post-
traumatic stress disorder, autism spectrum disorder, and maternal postpartum 
depression). Finally, we will outline future directions that we envision for biobe-
havioral synchrony research.
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the Coordination of Social Behavior Begins at Birth

Following birth, a unique maternal behavioral repertoire emerges in all mam-
malian species and in biparental species, fathers also express a unique set of 
behaviors. In humans, the species- specific repertoire includes maternal gaze 
at infant face and body, “motherese” high- pitched vocalization, expression of 
positive affect, and affectionate touch (Feldman & Eidelman, 2007). These are 
observed repeatedly during daily experiences between parents and infants. In 
these repeated interactions, parent and infant continuously coregulate their 
physiological and behavioral states. As dyadic interaction patterns recur, infant 
and parent are shaped by each other’s physiological and behavioral cues, lead-
ing to the formation of the attachment bond (Bowlby, 1969; Feldman, 2012a; 
Tronick, 2007). Such coregulated interactions facilitate the development of the 
infant’s self- regulatory abilities (Feldman, Greenbaum, & Yirmiya, 1999; Sam-
eroff & Fiese, 2000; Tronick, 2007). Similar to the naturally occurring varia-
tions in mammalian mothers (Champagne, 2008), the emerging human paren-
tal repertoire includes variability in patterns of eye-gaze direction toward the 
infant, fluctuations in affect and arousal, and the uniquely pitched sing-song 
“motherese” vocalization, new configurations of affectionate and functional 
touch, proximity position, and proprioception. These parental behaviors vary 
across individuals (Gordon, Zagoory- Sharon, Leckman, & Feldman, 2010a, 
2010b) and cultures (Feldman, Masalha, & Alony, 2006; Feldman & Masalha, 
2007), appear in unique form in mothers and fathers (Feldman, 2003; Apter-
Levi, Zagoory- Sharon, & Feldman, 2014), and are sensitive to the goals of the 
interactive context, for instance, whether the interaction is social or exploratory 
in nature (Gordon, Zagoory- Sharon, Leckman, & Feldman, 2010c; Feldman, 
Weller, Sirota, & Eidelman, 2002).

A central feature of the human parental repertoire is that it is adaptive to 
the infant’s online cues, provides social stimulation when infants signal their 
willingness to interact and limit stimulation when infant gaze averts and signals 
a need for rest (Feldman, 2003; Feldman & Eidelman, 2004, 2007). Already 
in the first postbirth day, we found that mothers provide nearly 70% of their 
maternal behaviors during the 7% of the time infants are in alert- scanning 
state, matching their social input to the infant’s readiness (Feldman & Eidel-
man, 2007). This repertoire of maternal behavior in the immediate postbirth 
period and its adaptation to the infant state plays an important role in chil-
dren’s social development, and predicts synchrony with mother and father at 3 
months (Feldman & Eidelman, 2007), neurodevelopmental maturation (Feld-
man & Eidelman, 2003a), and cognitive and symbolic competencies in the 
second year (Feldman, Eidelman, & Rotenberg, 2004). Furthermore, mater-
nal postpartum behavior had long-term effects on physiological organization 
shaping autonomic regulation as measured by cardiac vagal tone, sleep patterns 
assessed by actigraphy across five consecutive nights, and cortisol response to 
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social stress at 10 years of age (Feldman, Rosenthal, & Eidelman, 2014). In 
addition, observations conducted during the first month of life (Gordon et al., 
2010a) showed that mothers and fathers engaged in unique sets of interactive 
behavior, including states that were characterized by gaze coordination and 
affectionate touch, or states in which the parent provided stimulating contact 
and exploratory focus, much the same as patterns observed in biparental mam-
mals (Ahern, Hammock, & Young, 2011). These parenting styles were each 
continuous over time and each uniquely supported child social development and 
his or her social reciprocity with best friend at 3 years, pointing to the transfer 
of early social behavior toward other meaningful relationships in the child’s life 
(Feldman, Gordon, Influs, Gutbir, & Ebstein, 2013). It thus appear that each 
social relationship provides an entire early environment, which, similar to the 
conceptualization of Hidden Regulators (Hofer, 1995), enables the integration 
of physiology and behavior in unique ways to support the development of self- 
regulatory and social skills across childhood and adolescence (Feldman, 2007a, 
2007b). Despite the fact that parent– infant synchrony is considered to have 
gender- specific properties (Apter-Levi, Zagoory- Sharon, et al., 2014; Feldman, 
Gordon, Schneiderman, Weisman, & Zagoory- Sharon, 2010), both fathers and 
mothers show equal amounts of parent– infant synchrony (Feldman, 2003; Gor-
don et al., 2010a).

Parent– infant synchrony is highly sensitive to the cultural context. Our 
research on Israeli and Palestinian families (Feldman et al., 2006; Feldman & 
Masalha, 2007; Feldman, Masalha, & Derdikman- Eiron, 2010) showed that 
synchronous interactions are built on somewhat different building blocks in 
traditional and industrial societies. In traditional societies when parents inter-
act with their infants they tend to maintain closer physical proximity, whereas 
in industrialized societies parents display more active parenting behavior that 
includes active toy presentation and touch patterns. Infants and parents match 
on culture- specific patterns, which reflect underlying meaning systems and 
cultural philosophies with regard to power hierarchies, autonomy, and gender 
roles. However, individual differences in synchrony— whether on active forms 
of social behavior or more passive physical closeness— chart culture- specific 
pathways to self- regulation. Infants who received more synchronous interac-
tion, as defined by their own culture, showed greater self- regulation, higher 
social competence, better problem- solving skills, and more social competence 
in the peer group as preschoolers. Furthermore, patterns of triadic synchrony 
within the mother– father– child triad, as measured in the home environment, 
were predictive of children’s ability to handle conflict with their peers with more 
empathy and less aggression in the preschool years (Feldman, Masalha, et al., 
2010). These findings highlight the importance of including culture in our stud-
ies on synchrony and demonstrate that while the specific patterns from which 
synchrony is constructed may be culture specific, the universal rule applies 
across cultures: infants who experience greater synchrony with their attachment 
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figures will show more optimal socioemotional and regulatory outcomes across 
childhood (Feldman et al., 2006).

With time and maturation, synchrony develops. With age and familiarity 
interactions become more coordinated and dyad specific. Psychophysiological 
maturation that occurs during pregnancy in the fetus (such as hormonal changes 
and the maturation of sleep–wake oscillatory patterns) sets the stage for the 
emergence of coordinated behavior at the beginning of life (Feldman, 2006). 
Following birth, the parental behavioral repertoire emerges and it is character-
ized by contingencies. As newborns experience contingencies within the context 
of parenting behaviors, they also respond. These early interactive patterns are 
considered the precursors of synchrony. The emergence of maternal behavior 
and its sensitive adaptation to infants’ cues also activates and shapes attach-
ment- and bonding- related neural circuits in the mother. At around 3 months 
of age, synchrony is first observed as infants begin to engage in face-to-face 
interactions and coordinated parental and infant behaviors are seen. Infants 
can actively take part in the world through the social exchange with their par-
ents and they display visual, facial, and vocal behaviors in response to parental 
social cues. Coordinated parent– infant interactions provide critical inputs for 
the shaping of bonding- related neural circuits. At around 9 months of age there 
is a reorganization of synchronous behavior accompanied by an increased focus 
on joint exploration of objects and toys. During this period mutual influences 
of parent and infant affective states are observed as well as shorter lags to syn-
chronous states. From 1 year onward, there is an emergence of symbol use in 
the infant and a development of symbolic play and complexity between infant 
and parent, marked by verbal components of the interaction. Nonverbally, there 
seems to be a level of stability and continuity in parent- specific affective con-
tour from infancy. Affect synchrony seems to be the nonverbal component of 
relational systems throughout life. Social interactions between close partners 
contain two parallel levels: a nonverbal level, marked by sequential relations 
between the partners’ social behaviors; and a verbal level, in which sequen-
tial relations between the symbolic expressions of the interacting partners are 
observed (Feldman, 2007c, 2007d).

Figure 13.1 describes multiple levels of biobehavioral synchrony and how 
they are embedded within one another. Behavioral synchrony (level 1), which 
comprises species- specific behavioral building blocks displayed by both parent 
and infant, has specific temporal properties that can be described. The repeated 
and consistent behavioral exchange between partners is solidified into patterns 
of synchrony. The behavioral component of synchrony is embedded within bio-
logical synchrony (level 2), which includes biomarkers such as hormones, mea-
sures of autonomic nervous system function, and brain function. The biological 
component of synchrony is constantly underpinning behavior, but is also con-
stantly in conversation with behavior, as they both mutually and dynamically 
influence each other. Biobehavioral synchrony is embedded within a third level 



288 PART III. SOCIAL AND EMOTIONAL PROCESSES 

of contextual influences (level 3), including parental and child characteristics, 
cultural influences, and risk conditions. Levels of the biobehavioral synchrony 
model are embedded within one another to reflect our view that subsystems rep-
resent levels that are constantly interacting and being shaped by multiple levels 
of the model. While the following discussion makes a distinction among levels 
in the formation of biobehavioral synchrony, all subcomponents cohere into a 
single dynamic and complex system.

Synchrony as the Coordination of Physiology and Behavior 
across Multiple Physiological Systems

A hallmark of the biobehavioral synchrony model (see Figure 13.1) is that 
behavioral synchrony is embedded within neural and biological processes 
that dynamically develop as experiences occur— constantly shaping and being 
shaped by behavioral synchrony. Biomarkers can offer another level of repre-
sentation to synchronous and coordinated exchanges. In this section we review 
studies that have exemplified this core component of biobehavioral synchrony 
in three physiological systems: the autonomic nervous system, the endocrine 
system, and the neural function of the brain.

The Autonomic System:  
Heart Rhythms and Cardiac Vagal Tone

Research has pointed to the links between behavioral synchrony and mea-
sures of cardiac vagal tone in infant and mother (Feldman & Eidelman, 2007; 
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FiguRe 13.1. Building blocks of biobehavioral synchrony.
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Feldman, Magori-Cohen, Galili, Singer, & Louzoun, 2011; Calkins, 1997; 
DeGangi, DiPietro, Greenspan, & Porges, 1991; Huffman, Bryan, Carmen, 
Pedersen, Doussard- Roosevelt, et al., 1998; Stifter & Corey, 2001). Cardiac 
vagal tone is assessed indirectly via the respiratory component in heart rate 
variability (respiratory sinus arrhythmia [RSA]), a measure of cardiac activity 
that is innervated by the vagus nerve (the 10th cranial nerve) of the parasym-
pathetic nervous system. Both baseline levels of RSA and RSA suppression are 
considered as markers of adaptive coping and regulation (Porges, 1991, 1996), 
whereas heart rate reflects a degree of physiological arousal. Heart rate mea-
sures represent a combination of parasympathetic and sympathetic influences, 
as the slowing or speeding of the heart is mediated by increased or decreased 
activity of either branch of the autonomic nervous system or both as they coreg-
ulate activity. And thus, heart rate and vagal tone are considered to be measures 
of cardiac activity that represent distinct aspects of autonomic nervous system 
functioning (Moore & Calkins, 2004). RSA is an indicator of parasympathetic 
arousal, whereas heart rate is both sympathetically and parasympathetically 
controlled. In this way, these measures are related but provide different lenses 
through which we can assess the functioning of the autonomic nervous system.

Infant cardiac vagal tone at term age, representing the dispositional func-
tionality of the system, was found to predict infant– mother and infant– father 
synchrony at 3 months (Feldman & Eidelman, 2007). Since infant baseline vagal 
tone is individually stable from birth to 10 years of age (Feldman, Rosenthal, 
et al., 2014), predicts the development of regulatory competencies across the 
first years of life (Feldman, 2009), and matures in the context of mother– infant 
physical contact (Feldman & Eidelman, 2003a), understanding how mother– 
infant interaction shapes the infant’s parasympathetic response is of theoretical 
and clinical interest. The infant’s vagal regulation in a stressful social interac-
tion with his or her mother can differ according to the level of dyadic coordina-
tion between the mother’s and infant’s affective behaviors (Moore & Calkins, 
2004). In this study, mothers and their 3-month-old infants were observed dur-
ing the still-face paradigm. As expected, infants had more negative emotionality, 
decreased vagal tone, and increased heart rate during the distressing still-face 
episode. Infants who did not show vagal withdrawal during the still-face epi-
sode were those who experienced lower synchrony with their mothers and more 
vagal suppression during normal play (Moore & Calkins, 2004). In another 
study, mothers of 6-month-old infants who were later categorized as avoidant 
in their attachment (at 12 months) had an association between their vagal with-
drawal and their observed sensitivity to their child’s distress. No such associa-
tion was found in mothers of later securely attached children (Mills- Koonce et 
al., 2007). Recent results of a longitudinal study highlight the possibility that 
early sensitive mothering is associated with increases in children’s regulatory 
function as measured via vagal withdrawal, which in turn was associated with 
higher levels of sensitive parenting (Perry, Mackler, Calkins, & Keane, 2014).
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Online biological synchrony of mothers’ and infants’ heart rhythms was 
found during face-to-face interactions between 3-month-old infants and their 
mothers. Moreover, we found that during moments of vocal or affective syn-
chrony, the degree of heart rate coupling was stronger than during nonsynchro-
nous episodes, suggesting a behavior- based mechanism of biological synchrony 
(Feldman, Magori-Cohen, et al., 2011). Similarly, maternal and infant vagal 
tone measures were interrelated during the most synchronous phases in the 
dyadic interaction (Feldman, Singer, & Zagoory, 2010).

Premature infants who received mother– infant skin-to-skin contact (kan-
garoo care [KC]) intervention following birth have been shown to have a more 
rapid maturation of the autonomic nervous system as indexed by vagal tone 
between 32 and 37 weeks’ gestational age (Feldman & Eidelman, 2003b). This 
KC effect on autonomic function is accompanied by positive changes in behav-
ioral synchrony within KC families. Mothers and fathers in families that took 
part in KC intervention display more affectionate touch of infant and spouse 
and remain in closer proximity during triadic play interactions at 3 months 
(Feldman, Weller, Sirota, & Eidelman, 2003). A recent summary of a longitu-
dinal follow- up that lasted for 10 years in families of children who received KC 
intervention as newborns has recently been published (Feldman, Rosenthal, et 
al., 2014), showing that in mother– infant dyads that went through KC interven-
tion following a premature birth, RSA and maternal behavior were dynamically 
interrelated over time, leading to improved physiology, executive functions, and 
mother– child reciprocity at 10 years of age. In this sample, KC increased RSA 
and maternal attachment behavior in the postpartum period, reduced mater-
nal anxiety, and enhanced child cognitive development and executive functions 
from 6 months to 10 years. By 10 years of age, children receiving KC showed an 
attenuated stress response, improved RSA function, a more organized sleep, and 
better cognitive control (Feldman, Rosenthal, et al., 2014).

Beyond infancy, vagal tone has been found to relate to synchronous behav-
ior in romantic relationships. Comparing young adults who were not roman-
tically attached to new lovers, it was found that RSA change in response to 
positive and negative films was greater among singles as compared with lovers, 
suggesting that love enhances emotion regulation and buffers against our physi-
ological stress response. In this study, we also demonstrated that RSA in sin-
gles decreased when viewing movies with negative emotions, whereas no such 
decrease was found among new lovers, pointing to a reduced stress response and 
a more regulated vagal regulation during the period of falling in love (Schneider-
man, Zilberstein- Kra, Leckman, & Feldman, 2011).

Hormonal Markers of Biobehavioral Synchrony

Some of the most compelling support for the biobehavioral synchrony model 
comes from research that examines the hormonal correlates of observed 
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synchronous behavior and describes how each hormonal system plays a unique 
role in supporting social behavior, as well as interacts with other neurohormonal 
systems and mutually coregulates social exchanges. Following a short introduc-
tion, we review studies that provide examples for the associations between syn-
chronous interactions and the neuropeptides oxytocin (OT), vasopressin (AVP), 
and prolactin (PRL); the steroids cortisol (CT) and testosterone (T); and the 
protein enzyme salivary alpha- amylase (sAA).

The neuropeptides OT and AVP are thought to provide the neurobiologi-
cal substrate that underpins sociality, social motivation, and social attunement 
(Carter, 1998, 2003, 2014; Gordon, Martin, Feldman, & Leckman, 2011). OT 
and AVP are closely related structurally and are produced in two hypothalamic 
nuclei in the central nervous system (CNS), as well as in multiple peripheral sites 
including the heart, thymus, gastrointestinal tract, ovaries, testis, epididymis, 
prostate and pregnant intrauterine tissue. OT receptors are widespread in the 
CNS and exist in brain regions known for their involvement in emotion regu-
lation, reward and motivation, and social salience. Peripheral organs, such as 
the heart and kidneys, are also targets in the body for OT function (see Gimpl 
& Fahrenholz, 2001; Gordon et al., 2011, for a review). The means of release 
and production of these neuropeptides are complex and multifaceted, including 
not only release from the synaptic cleft but also dendritic release and perhaps 
axonal diffusion (Ross & Young, 2009). These various mechanisms of release 
can be at the basis of the dynamic coordination between central and peripheral 
OT activity (Pow & Morris, 1989; Ludwig & Leng, 2006). OT and AVP are 
systemic neuropeptides able to exert widespread and complex effects as they 
interact dynamically with neural systems such as the salience and reward cir-
cuits, the hypothalamic– pituitary– adrenocortical (HPA) stress response axis, 
the hypothalamic– pituitary– gonadal (HPG) axis, the immune system, and 
other peripheral organ systems (Gordon et al., 2011). OT and AVP are phyloge-
netically ancient hormones, known to have crucial roles in mammalian social 
behavior, especially within attachment and bonded relationships (Carter, 1998, 
2014). Their extensive implication in sociality, in the initiation of pair bonds 
and in maternal behavior, makes them prime candidate biomarkers for syn-
chrony research in humans.

Although there has been some controversy regarding the utility of periph-
eral measures of OT, as OT does not cross the blood–brain barrier readily, there 
have been several studies validating the use of peripheral OT measurement. High 
levels of individual stability were found in plasma OT levels across lengthy peri-
ods, for instance, from the first trimester of pregnancy to the postpartum period 
(Feldman, Weller, Zagoory- Sharon, & Levine, 2007), and between the first 
month after birth and 3 years of age (Feldman, Gordon, et al., 2013). Medium-
level correlations were found between OT in plasma and saliva (Feldman, Gor-
don, Schneiderman, et al., 2010; Feldman, Gordon, & Zagoory- Sharon, 2011), 
and between salivary OT in parent and child in both mothers and fathers in 
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infancy (Feldman, Gordon, & Zagoory- Sharon, 2010) and the preschool years 
(Apter-Levi, Feldman, Vakart, Ebstein, & Feldman, 2013; Feldman, Gordon, et 
al., 2013). Associations were found between allelic variations on the oxytocin 
receptor gene (OXTR) with peripheral levels of OT in both plasma (Feldman et 
al., 2012) and saliva (Apter-Levi, Feldman, et al., 2013). Finally, intranasal OT 
administration was found to markedly increase peripheral OT levels in humans 
(Weisman, Zagoory- Sharon, & Feldman, 2012), and to alter OT levels in the 
brain (Neumann, Maloumby, Beiderbeck, Lukas, & Landgraf, 2013). These 
studies demonstrate coordination between OT availability in the brain and OT 
levels in the periphery.

In addition to links between brain and periphery, the oxytocinergic system 
maintains cross-talk with multiple hormonal systems. Similar to OT, peripheral 
AVP concentrations have shown a high degree of individual stability. The com-
plex cross-talk between OT and AVP is exemplified by a recent study in which 
intranasal administration of OT induced increases in salivary AVP concentra-
tions in the first hour following OT manipulation (Weisman, Schneiderman, 
Zagoory- Sharon, & Feldman, 2012).

Similarly to OT, the neuropeptide PRL, which is also synthesized in the 
hypothalamus, is traditionally known for its role in lactation and its support of 
maternal behavior following birth (Bridges et al., 1997; Grattan, 2001; Grattan 
& Kokay, 2008; Mann & Bridges, 2001). Parallel to the actions of AVP in ani-
mals, PRL is also well known for its role in paternal behavior in animals (Bun-
tin, Hnasko, Zuzick, Valentine, & Scammell, 1996; Dixson & George, 1982; 
Kindler, Bahr, Gross, & Philipp, 1991; Schradin & Anzenberger, 1999; Ziegler, 
Wegner, & Snowdon, 1996) and to a lesser extent in humans (Fleming, Corter, 
Stallings, & Steiner, 2002; Gordon et al., 2010c; Storey, Walsh, Quinton, & 
Wynne- Edwards, 2000).

Anatomically, one of the nuclei synthesizing OT and AVP in the brain—the 
paraventricular nucleus (PVN) of the hypothalamus— is a key structure in the 
HPA axis. Specifically, the PVN is also the sole site of corticotropin- releasing 
hormone production, leading to a cascade of events that activate the HPA axis 
to prompt release of CT from the adrenal gland. CT is considered a “stress 
hormone” and as such is highly involved in sociality. CT has been extensively 
implicated in the same behaviors in which OT and AVP are implicated, such 
as maternal behavior and responsiveness to the infant (Fleming et al., 1993; 
Fleming, Steiner, & Corter, 1997; Maestripieri, 2001; Stallings, Fleming, Cor-
ter, Worthman, & Steiner, 2001). However, the associations between CT and 
parenting are highly dependent on multiple factors such as maternal age, prior 
experience, and feeding patterns (Krpan, Coombs, Zinga, Steiner, & Fleming, 
2005). Other markers of the HPA stress response include sAA, dehydroepian-
drosterone (DHEA), and dehydroepiandrosterone sulfate (DHEA-S). Like CT, 
DHEA and the more stable DHEA-S are also secreted from the adrenal cortex 
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prompted by adrenocorticotropic hormone (ACTH), most likely to protect from 
the neurotoxic effects of CT (Lennartsson, Kushnir, Bergquist, & Jonsdot-
tir, 2012; Maninger, Wolkowitz, Reus, Epel, & Mellon, 2009; Morgan et al., 
2004). Finally, sAA is a relatively recent addition to the array of “stress bio-
markers” (Nater & Rohleder, 2009), as its secretion to the saliva is governed by 
the autonomic nervous system, which is characterized by increased activity dur-
ing stress. Research has shown elevated levels of sAA induced by various aspects 
of chronic or acute psychological stress (Bosch et al., 1996, 1998; Bosch, De 
Geus, Veerman, Hoogstraten, & Nieuw Amerongen, 2003; Chatterton, Vogel-
song, Lu, Ellman, & Hudgens, 1996; Chatterton, Vogelson, Lu, & Hudgens, 
1997). The interactions between the so- called affiliation (such as OT and AVP) 
and stress (CT, DHEA, DHEA-S, sAA) markers are always complex and often 
inconsistent, leaving ample room for future scientific inquiry, for example, the 
literature reports on positive (Hoge, Pollack, Kaufman, Zak, & Simon, 2008; 
Marazziti et al., 2006; Taylor et al., 2006; Tops, van Peer, Korf, Wijers, & 
Tucker, 2007), negative (Altemus, Deuster, Galliven, Carter, & Gold, 1995; 
Heinrichs & Domes, 2008; Heinrichs & Gaab, 2007; Meinlschmidt & Heim, 
2007), and nonsignificant associations between OT and CT (Gordon et al., 
2008; Levine, Zagoory- Sharon, Feldman, & Weller, 2007).

Hormonal markers of affiliation and stress are highly interrelated with 
the activity of the gonadal steroid hormones of the HPG axis: T and estradiol 
(E) that regulate sexual development, function, and behavior across the life-
span (Choleris, Devidze, Kavaliers, & Pfaff, 2008; Gordon et al., 2011; Viau, 
2002). T and E function is driven by the release of hypothalamic gonadotropin- 
releasing hormone (GRH), which in turn causes the anterior pituitary to release 
follicle- stimulating hormone (FSH) and luteinizing hormone (LH). HPG axis 
hormones exist in both sexes and figure prominently in the regulation of social 
behavior, partly through their interaction with OT and AVP. For instance, 
research shows that E potentiates the OT system, and T potentiates the AVP 
system and also impacts OT via the conversion of T to E (Akaishi & Sakuma, 
1985; Bale, Dorsa, & Johnston, 1995; Ho & Lee, 1992; Quinones- Jenab et 
al., 1997; Sarkar, Frautschy, & Mitsugi, 1992). During adult life, T and E have 
been linked to the rapid activation of various socioemotional behavioral pro-
files, some of which are associated with OT and AVP, including reproductive 
behaviors (sexual receptivity, frequency of copulatory behavior) and aggression 
(Balthazart & Ball, 2006; Mehta & Beer, 2010).

It is important to note that hormones used as biomarkers of stress, affilia-
tion, and sociality in the context of social function do not only regulate social 
behavior and function but are constantly and dynamically regulated by social 
behaviors, social context, and the experience in turn (Maruska & Fernald, 
2011). Such dynamic interplay of physiology and behavior is a major component 
of the biobehavioral synchrony model.
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Review of Our Research on Hormonal Markers of Biobehavioral Synchrony

In an attempt to examine how hormonal biomarkers of affiliation relate to 
behavioral synchrony in humans, several of our studies examined the effects of 
OT and AVP on parent– infant social synchrony. In the first study, testing mater-
nal OT levels at early pregnancy, late pregnancy, and postpartum in relation to 
maternal behavior, we found that an increase in circulating OT levels during 
pregnancy was associated with the mother’s reporting stronger attachment to 
her fetus (Levine et al., 2007). In addition, OT levels were highly stable across 
this time period (rs = .80–.96), and levels of OT in early pregnancy predicted the 
amount of maternal bonding behavior postpartum, including gaze at infant face 
and body, “motherese” high- pitched vocalization, positive affective expression, 
and affectionate touch, as well as coordination of these behaviors with infant 
state.

In the next study, we examined fathers as well as mothers of infants from 
birth to 6 months. We found that during the transition to parenthood OT was 
related to parental behavior in a gender- specific manner. Increased OT levels in 
mothers were related to affective maternal behavior including gaze, affectionate 
touch, and “motherese” vocalizations, whereas higher OT in fathers correlated 
with the father- specific stimulatory type of play including stimulatory touch 
and exploratory focus (Gordon et al., 2010a). Following parent– infant interac-
tions at 4–6 months postpartum, we found a significant increase in parental 
OT levels, but only among those who provided a substantial amount of touch. 
Similar to the findings for the high licking- and- grooming mothers (Champagne, 
Diorio, Sharma, & Meaney, 2001; Meaney, 2001), among mothers who pro-
vided high levels of affectionate contact (more than two- thirds of the time) but 
not in mothers who displayed low levels of affectionate contact, OT levels mark-
edly increased after interactions. Among fathers, a parallel increase in OT was 
observed only in those who engaged in stimulatory contact for more than two- 
thirds of the time (Feldman, Gordon, Schneiderman, et al., 2010).

Six months after the birth of their first child, increased levels of OT were 
related to triadic social synchrony among father, mother, and infant during a 
triadic family interaction, as measured by states of coordinated proximity and 
affectionate touch between the parents, and between parents and infant while 
both parent and child are synchronizing their social gaze. Among mothers, tri-
adic synchrony was also independently related to lower levels of CT, which 
interacts in a complex manner with affiliative hormones to predict observed 
social behaviors (Gordon et al., 2010b). Interestingly, when paternal levels of 
OT were examined at 6 months postpartum in fathers, increased circulating 
levels of OT predicted affective synchrony (paralleling the behavioral construct 
that related to maternal OT at 1-month postpartum), whereas the neuropeptide 
PRL was associated with paternal facilitation of the infant’s exploratory play 
(Gordon et al., 201c). Of interest, similar division was found between OT and 
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AVP. In mothers and fathers of 4-month-old infants, parents with high OT con-
centrations supported social engagement and displayed more affectionate touch 
compared with parents with low OT. In comparison, parents with high AVP 
levels engaged in enhanced stimulatory contact and tended to adaptively fol-
low infants’ bids to engage socially (Apter-Levi, Zagoory- Sharon, et al., 2014). 
OT has also been shown to underscore a level of consistency between parents’ 
and infants’ neuroendocrine system that supports a cross- generation transmis-
sion of human synchronous behavior. We have previously reported on a positive 
association between parents’ and infants’ circulating OT levels. The amount 
of parent– infant observed affective synchrony moderated this association, as 
dyads with high synchrony had the strongest correlation of parent– infant OT 
levels (Feldman, Gordon, & Zagoory- Sharon, 2010).

Recent studies have integrated measures of circulating OT with markers of 
its genetic encoding in an attempt to predict aspects of synchronous parenting. 
For instance, in mothers and fathers of 4- to 6-month-old infants, lower circu-
lating levels of OT were associated with certain allelic variations on the oxyto-
cin receptor gene (OXTR) and CD38 gene (specifically, the OXTR rs2254298 
and rs1042778 and CD38 rs3796863 risk alleles). The combination of reduced 
plasma levels of OT and genetic risk was associated with reduced parental touch 
during parent– infant interaction (Feldman et al., 2012). Studies manipulating 
OT levels in parents via a single intranasal administration of OT have also sup-
ported the biobehavioral synchrony model by showing how biological altera-
tions that occur in the parent can induce behavioral and biological effects in 
the parent, the infant, and the dyadic unit. OT administration to fathers, 45 
minutes prior to a social interaction with their 5-month-old infant, resulted in 
an increase in OT, RSA, social reciprocity, and social engagement behaviors 
not only in the father but also in the infant, who did not receive OT (Weis-
man, Zagoory- Sharon, & Feldman, 2012). Employing an advanced computa-
tional analysis, researchers found that administration of OT impacted aspects 
of paternal motion (fathers’ head speed, head acceleration, and proximity to the 
infant) during dyadic interaction with the infant. Most specifically, parameters 
of the father’s head acceleration were associated with the infant’s OT reactivity 
following OT administration to the father (Weisman, Delaherche, et al., 2013). 
In fathers of 5-month-olds, intranasal OT administration also had a short-term 
impact on salivary T levels during social interaction that predicted patterns of 
paternal behaviors and observed father– infant synchrony. Initially, baseline 
paternal T levels were inversely associated with synchronous father– infant 
interactive behaviors. Compared with a placebo, OT administration enhanced 
T production in fathers and the OT-induced change in T was correlated with 
parent– child social behaviors including positive affect, social gaze, touch, and 
vocal synchrony (Weisman, Zagoory- Sharon, & Feldman, 2014).

Intranasal OT administration to fathers prior to a “still-face” interaction 
with their 5-month-old infant (Tronick, Als, Adamson, Wise, & Brazelton, 
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1978; this paradigm includes a phase of natural face-to-face interaction fol-
lowed by a dysregulating period in which the parent is nonresponsive and then 
a reestablishment of naturalistic interaction and parental behavior) enhanced 
fathers’ stress response overall (as indexed by CT). In addition, alterations in 
paternal OT impacted infants’ physiological and behavioral response as a func-
tion of observed parent– infant synchrony. When there was high dyadic parent– 
infant synchrony, infants’ had elevated CT reactivity and increased infant social 
gaze to the father. In dyads with low observed social synchrony, an inverse 
effect was established in which the infants’ CT response was reduced and 
infants displayed diminished social gaze toward the unavailable father (Weis-
man, Zagoory- Sharon, & Feldman, 2013). Interestingly, the same still-face par-
adigm was used to test whether parental touch can attenuate infants’ reactivity 
to stress. Mother– infant dyads were asked to perform either the classic still-face 
paradigm or a version that included maternal touch during the stressful unavail-
ability stage. Maternal and infant autonomic reactivity (vagal tone) and CT 
levels were sampled throughout the procedure. Stress reactivity (as indexed by 
CT) was lower when infants received touch during the still-face condition. Vagal 
tone showed a greater suppression when there was no accompanying maternal 
touch. Finally, touch synchrony between mother and infant during the initial 
free-play stage of the interaction was associated with higher infant vagal tone, 
whereas touch myssynchrony at that stage was correlated with higher maternal 
and infant CT levels (Feldman, Singer, et al., 2010).

New discoveries regarding the hormonal markers of biobehavioral syn-
chrony in romantic partners and early friendships in children are paralleling 
some of the findings and insights from parent– infant research. In a 3-year lon-
gitudinal study to examine a potential cross- generation transfer of OT function 
from parents to child in humans, it was found that parental plasma OT was 
related to more efficient alleles on the OXTR. The child’s social reciprocity 
as he or she played with a friend was associated with the child OT levels, and 
also specifically with maternal OT-related genes and hormonal levels, as well 
as with mother– child synchronous reciprocity (Feldman, Gordon, et al., 2013). 
These findings provide hormonal evidence to our longitudinal study follow-
ing children from 4 months to 13 years. Children were observed interacting 
with their mothers and fathers at 4 months, 3 years, and 13 years. At 3 years, 
they were also observed in kindergarten for measures of social competence and 
aggression, and in early adolescence they interacted with a same-sex best friend 
in positive (planning joint activity in school) and conflict interactions. We found 
individual stability in measures of behavioral synchrony in the child’s interac-
tion with each parent across childhood. Moreover, synchronous mothering and 
fathering each supported a somewhat distinct line of social development. Syn-
chronous mothering predicted greater social competence in the peer group and 
the capacity to dialogue joint positive interaction with friends with greater reci-
procity. On the other hand, synchronous fathering predicted lower aggression in 
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the peer group during the preschool years and adolescents’ capacity to dialogue 
conflicts with empathy and reciprocity within an attachment relationship with 
their best friend (Feldman, Bamberger, et al., 2013).

To examine biobehavioral synchrony in romantic partners, 120 new lov-
ers (60 couples) were seen in the lab during the first 3 months of their roman-
tic bond and compared with 43 demographically matched singles. Blood was 
drawn for hormonal analysis and couples were seen during interactions in posi-
tive, conflict, and support- giving interactions and were interviewed regarding 
the emerging bond. Couples that stayed together were seen again 6 months 
later, approximately 9 months after the initiation of the romantic bond. We 
found that OT levels increased dramatically during the period of falling in love 
and were in fact even higher than those observed among new parents. Among 
couples that stayed together, OT levels did not drop at the second assessment, 
indicating that the OT system provides a long support for pair-bond formation 
in humans. Similar to the parenting context, OT correlated with the couples’ 
reciprocity and synchronous behavior during interaction. OT levels were also 
associated with reported worries regarding the partner and the relationship 
(Schneiderman, Zagoory- Sharon, Leckman, & Feldman, 2012). In addition to 
OT, we also measured PRL, AVP, CT, DHEA, and T in these lovers in relation 
to the degree of hostility and empathy observed during the conflict dialogue. 
We found evidence for biobehavioral synchrony in three hormones: the indi-
vidual’s T level predicted higher hostility, but only when the partner also had 
high T. Similarly, CT predicted lower empathy and greater behavioral hostility, 
but only in the context of high partner’s CT. The most interesting evidence of 
biobehavioral synchrony was found for the oxytocinergic system: the partner’s 
OT, not the individual’s OT, was predictive of the level of empathy this indi-
vidual displayed toward the partner during conflict discussion, and the pattern 
was the same for men and women. These findings provide compelling evidence 
for the biobehavioral synchrony model but also demonstrates how the oxyto-
cin system binds the biology and behavior of two individuals within a social 
bond (Schneiderman, Kanat- Maymon, Zagoory- Sharon, & Feldman, 2014). 
Finally, we computed a cumulative index of risk on the OXTR by combining 
five single nucleotide polymorphisms (SPNs) previously shown to be associated 
with greater susceptibility to disorders of social dysfunction such as autism or 
schizophrenia. We found that lovers who had lower risk on the OXTR showed 
greater empathy to their partner distress during a support- giving interaction 
(Schneiderman, Kanat- Maymon, Ebstein, & Feldman, 2014).

Interesting findings on OT in adults in relation to bonding- related experi-
ences were found in two studies. Assessing OT levels in a large cohort of women 
and men (N = 473), we found that high levels of OT in women were related only 
to attachment anxiety, whereas in men, higher OT function had an anxiolytic 
effect and was associated with lower trait anxiety. These findings may relate 
to the different modes of stress regulation in men and women and to the close 
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links among attachment, preoccupations, and worries in mothers (Weisman, 
Zagoory- Sharon, Schneiderman, Gordon, & Feldman, 2013). Finally, among 
romantically unattached young adults circulating levels of OT in plasma were 
associated with reported bonding to one’s parent, and inversely correlated with 
reported psychological distress, most specifically depressive symptoms. In this 
same study, CT was also measured and was positively related to anxiety in 
attachment. OT and CT were not correlated with each other, and yet each pre-
dicted a unique and exclusive portion of the variance in participants’ representa-
tion of their attachment to their parents as adults (Gordon et al., 2008).

Overall, these findings suggest that behavioral synchrony is intricately 
linked with complex endocrine processes, which involve multiple hormones 
mutually influencing behavior within the individual and between partners 
within an attachment bond. If we view hormones as one mechanism, by which 
epigenetic influences of experience can take place and impact development, it 
is clear why the continued exploration of the hormonal factors underlying syn-
chrony is crucial.

Biological Synchrony and Brain Response

Several studies have demonstrated how the human brain responds to social syn-
chrony. These studies allow us to incorporate brain function as another bio-
marker of the processes underlying coordinated interactive behavior and pro-
vide insights into the neurological basis of sociality. Novel findings from brain 
imaging research highlight how synchrony and interconnections exist not only 
within a single brain as it functions, but also in processes of brain-to-brain cou-
pling (Hasson, Ghazanfar, Galantucci, Garrod, & Keysers, 2012). Researchers 
have shown that sometimes our brains have a tendency to “tick collectively” 
with other brains, for instance, when we watch compelling movie scenes (Has-
son, Yuval, Levy, Fuhrmann, & Malach, 2004) or when we listen to music 
(Abrams et al., 2013). Despite the perception of a highly individualized experi-
ence, the personal experience is also a shared experience.

In a recent study at our lab, we examined mothers’ brain response to syn-
chronous interactions and tested whether her response correlated with the degree 
of observed synchrony between the mother and her own infant. Healthy moth-
ers were asked to view three video vignettes depicting synchronous interactions 
between mother and infant and two myssynchronous interactions, one of a 
clinically depressed mother containing no maternal behavior and no synchrony, 
the other of a clinically anxious mother, including high amounts of maternal 
behaviors that were uncoordinated with infant cues. Interactions between 
mother and own infant were microcoded for synchrony. We found that synchro-
nous interactions elicited greater activity in reward- related areas, including the 
nucleus accumbens (NAcc) and dorsal anterior cingulate cortex (dACC), as well 
as in “mirror neuron” embodiment- related areas— inferior parietal lobule (IPL) 
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and supplementary motor area. Furthermore, mothers’ behavioral synchrony 
with her own infant correlated with her dACC response to synchrony in oth-
ers. These findings are consistent with models of embodiment, simulation, and 
mirroring that highlight how social action is underlaid by social recognition. 
As both mother and infant embody, coordinate, and coregulate each other’s 
socioaffective states they can share in biobehavioral synchrony (Atzil, Hendeler, 
& Feldman, 2014).

In another fMRI study, we were able to chart distinct profiles of limbic 
and cortical activity, as well as their functional connectivity, which differen-
tiated mothers whose caregiving style was synchronous from mothers whose 
behaviors were marked by intrusiveness and miscoordination. Mothers of 4- to 
6-month-olds who were rated (using microanalysis of behavior) as being syn-
chronous while interacting with their infant showed enhanced brain activations 
in the left NAcc, whereas mothers who interacted intrusively with their infant 
exhibited higher activations in the right amygdala. Among synchronous moth-
ers, researchers found enhanced functional connectivity among the left NAcc, 
the right amygdala, and neural circuits that are involved with empathy, emo-
tion modulation, and theory of mind. In intrusive mothers, left NAcc and right 
amygdala were functionally correlated with brain regions that are implicated 
in proaction. Associations between peripheral concentrations of OT and neu-
ral activations in the left NAcc and right amygdala were found only in moth-
ers rated as synchronous. Sorting points into neighborhood (SPIN) analysis— 
complex mathematical analysis that tests the temporal organization of activity 
in a brain nucleus— demonstrated that in the synchronous group, left NAcc 
and right amygdala activations showed clearer temporal organization, whereas 
among intrusive mothers, activations of these nuclei exhibited greater cross-time 
disorganization (Atzil, Hendler, & Feldman, 2011).

While mothers’ and fathers’ of 4- to 6-month-old infants viewed videos of 
their own infants versus those of unfamiliar infants during solitary play in the 
fMRI scanner, baseline OT and AVP levels were measured. Results indicate 
that neural networks implicated in mentalizing and empathy, including premo-
tor and motor cortices, IPL, inferior frontal gyrus, and insula are coordinated 
between mothers and fathers as they view videos of their own child. Results 
also show a differential gender- based association between the levels of the 
neuropeptides OT and AVP and mothers’ and fathers’ brain response. Moth-
ers showed higher amygdala activations and an association between OT lev-
els and amygdala response, whereas fathers showed greater activation in social 
brain regions that was associated with circulating AVP levels (Atzil, Hendler, 
Zagoory- Sharon, Winetraub, & Feldman, 2012). To address the issue of the 
neural basis of the parenting experience and its hormonal biomarkers in fathers, 
a recent study assessed brain activations via fMRI and circulating OT levels in 
three groups of parents: heterosexual primary- caregiving mothers, homosex-
ual primary- caregiving fathers, and homosexual secondary- caregiving fathers. 
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Results indicated that parenting is underlaid by a global “parental- caregiving” 
network that integrates two neural circuits: a subcortical and paralimbic emo-
tional processing network and a cortical mentalizing network (which includes 
frontopolar– medial– prefrontal and temporo– parietal brain regions). Primary- 
caregiving mothers had greater activation in the emotion processing network 
that was associated with increased OT levels and enhanced parent– infant syn-
chrony, whereas increased OT and synchrony were associated with increased 
activation in the mentalizing network for secondary- caregiving fathers. Inter-
estingly, primary- caregiving fathers had enhanced functional connectivity of 
the amygdala and the superior temporal sulcus (STS). These fathers’ amygdala 
activation was similar to amygdala activations observed in mothers, yet coupled 
with high activation of the STS comparable to secondary- caregiving fathers. 
Among all fathers, the degree of amygdala– STS connectivity was associated 
with the amount of time fathers spent in direct child care (Abraham et al., 2014).

Biobehavioral Synchrony in Pathology

Several pathological conditions can provide unique windows to study the asso-
ciations between hormones and behavior in conditions when the bonding pro-
cess is disrupted or is not provided consistently. In the following, we review our 
research on OT and other hormonal systems in relation to behavioral synchrony 
in various psychopathologies.

Prematurity

Previous research has shown that premature birth can be associated with reduced 
infant alertness, decreased maternal behaviors, and a diminished coordination 
of maternal behavior with infant alertness in the weeks following birth. We 
found that indeed, at 3 months following a premature birth, father– infant and 
mother– infant interactions were less synchronous. The combination of a pre-
mature birth with a diminished maturation of autonomic nervous system (as 
indexed by cardiac vagal tone) was related to the lowest amounts of maternal 
behavior in the postpartum period and the lowest levels of maternal touch at 
3 months (Feldman & Eidelman, 2007). Longitudinal associations were also 
found between disorganized and delayed pattern of development of biologi-
cal rhythms during the last weeks of gestation, including weekly assessment of 
sleep–wake cyclicity and vagal tone, and these impacted the development of syn-
chronous mother– infant behavior (Feldman, 2006). When we examined visual 
synchrony in mother– infant dyads of typically developing and prematurely born 
infants when the infants were 3 months old, we found that preterm infants and 
their mothers displayed short and frequent episodes of gaze synchrony that were 
quickly terminated following initiation, whereas full-term infants and their 
mothers were able to maintain shared gaze for longer periods (Harel, Gordon, 
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Geva, & Feldman, 2011). In the first study to demonstrate the long-term effects 
of KC, a touch-based intervention given for 2 consecutive weeks following a 
premature birth, researchers found benefiting impacts on child’s physiology and 
cognition, and on parental mental health and mother– child relational patterns 
across the first decade of the child’s life (Feldman, Rosenthal, et al., 2014). In 
the postpartum period KC enhanced infants’ autonomic function as well as 
maternal behavior. From 6 months to 10 years, KC increased measures of child 
development and reduced anxiety in the mother. By 10 years of age, children 
who had received KC showed a more regulated stress response (indexed by CT), 
more organized sleep patterns, improved autonomic function, organized sleep, 
and better cognitive function. The combination of enhanced autonomic func-
tion in the child and sensitive maternal behavior were dynamically interrelated 
over time, and led to improved physiology, executive functions, and mother– 
child reciprocity at 10 years (Feldman, Rosenthal, et al., 2014).

Autism Spectrum Disorders

Social interactions of preschoolers with autism spectrum disorders (ASD) with 
their mother and father were compared with those of typically developing (TD) 
preschoolers with the parent in the home ecology. Four saliva measures of OT 
were collected from parent and child. Children with ASD engaged less fre-
quently in gaze synchrony, touch synchrony, and in joint attention with their 
parents. Children with ASD also showed lower baseline OT levels. However, 
during social interaction with mother or father, OT level normalized after 25 
minutes of interaction and remained high as long as the social contact was main-
tained. However, OT levels dropped to the initial diminished levels 10 minutes 
after parent– child contact was terminated. OT levels in the children correlated 
with the amount of parent– child social synchrony (Feldman, Golan, Hirschler- 
Guttenberg, Ostfeld- Etzion, & Zagoory- Sharon, 2014), showing consistency 
with the biobehavioral synchrony model in this group.

Maternal Depression

Maternal depression in the postpartum period, particularly when persistent over 
time, can have detrimental effects on infant development. Already during the 
first postpartum year, infants of depressed mothers exhibit reduced regulatory 
function, negative emotionality, and low social engagement during dyadic inter-
action. These infants also exhibit high CT reactivity (Feldman et al., 2009). In a 
longitudinal study following infants of depressed mothers from birth to 6 years, 
we found effects of maternal depression on several hormonal systems. At 6 years 
old, children of mothers who have been diagnosed as chronically depressed 
across the first years of life showed increased propensity to develop psychopa-
thology. The biobehavioral synchrony model was supported by findings showing 
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how salivary OT was lower in mothers, fathers, and children in depressed fami-
lies and the associations between low OT with low levels of empathy and social 
engagement observed in children of depressed mothers. Family members were 
tested not only for circulating salivary OT levels but also for allelic variation in 
the OXTR gene (rs2254298 single- nucleotide polymorphism). A certain allelic 
variation (the rs2254298 GG homozygous genotype) was found to be overrepre-
sented in depressed mothers and their families, and it correlated with lower sali-
vary oxytocin. However, presence of a single rs2254298 A allele in depressed 
mothers markedly decreased risk of child psychopathology (Apter-Levi, Feld-
man, et al., 2013). In addition to the OT system, we also found alteration in 
mothers’ and children’s CT response. Children of depressed mothers had higher 
diurnal CT levels and lower CT diurnal variability. Their mothers, in turn, 
showed lower DHEA diurnal levels and flatter diurnal DHEA curves. Follow-
ing stressors, children of depressed mothers— particularly those who were diag-
nosed with internalizing disorder— did not return to baseline levels at recovery 
but continued to increase, indicating that sessions with mother causes stress 
rather than provide a stress- regulating mechanism. Consistent with the model, 
higher CT levels in the children were mediated by maternal and child social 
behavior, specifically, lower maternal sensitivity and higher child withdrawal 
during interactions.

Posttraumatic Stress Disorder

To assess patterns of maternal and child behavior and hormonal production 
under condition of severe environmental adversity, we evaluated hormones and 
behavior in 232 families. These included 158 children living in Sderot, a town 
located 10 kilometers from the Gaza border and exposed to repeated and unpre-
dictable missile attacks and 86 demographically matched controls. Children 
were divided into three groups: controls; exposed children diagnosed with post-
traumatic stress disorder (PTSD); and exposed children who, despite the fact of 
living in a continuous war zone, showed greater resilience (exposed- no-PTSD). 
CT and sAA were measured before and after stressors in mother and child. 
Whereas control children showed the typical increase– decrease CT response, 
exposed children exhibited diminished variability. Children with PTSD showed 
very low and flat CT and sAA, whereas exposed- no-PTSD children had consis-
tently high response. These were associated with the level of mother– child reci-
procity during interactions. Behaviorally, children with PTSD tended to employ 
more strategies of behavioral withdrawal compared with children who did not 
have PTSD who tended to display more comfort- seeking behaviors (Feldman, 
Vengrober, Eidelman- Rothman, & Zagoory- Sharon, 2013).

We also measured cumulative risk on multiple genetic markers of OT and 
AVP in mother, father, and child and how these interact with social behavior 
to predict PTSD in war- exposed children. Maternal sensitive support during 
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stressful simulation of the child’s war experience reduced the effects of war 
exposure on the child’s propensity to develop Axis I disorder in general, and 
PTSD in particular. Furthermore, the chronicity of PTSD from infancy to mid-
dle childhood (ages 7–8 years) in war- exposed children was related to higher 
genetic risk in the child and his or her parents, as well as low maternal support 
and greater initial avoidance symptoms in the child (Feldman, Vengrober, & 
Ebstein, 2014).

Future Research

Considering that synchrony is inherent to the human social experience and 
neurophysiology— especially in the context of our earliest bonds with our par-
ents— it is crucial to deepen our understanding of the dyadic interplay of coordi-
nated behavior with biology. It seems that there is a need to include and develop 
new and yet unexplored biomarkers, for instance, those arising from the fields 
of imaging and neurogenetics. We believe that the future of microanalysis will 
see new and exciting associations between microbehavioral measures and eye- 
tracking data or measures of brain function and genetic expression. The rich 
and comprehensive nature of these types of data will allow scientists to create 
more compelling and accurate descriptions of biobehavioral connections.

Within microanalysis, there is still a need to develop better and more 
advanced building blocks of behavior to describe subtleties and idiosyncrasies. 
Perhaps new and advanced tools from engineering and computer sciences could 
be incorporated to better describe behavior and synchronous experiences, in 
ways that have not yet been captured by the existing behavioral building blocks 
of microanalysis. Aspects of behavior that can tap into the subtleties of our 
social essence, such as velocity and force of movement, may need to be included 
in future coding schemes.

Finally, it is surprising how little research has tapped into the neurophysi-
ological basis of synchrony beyond the parent– infant dyad to include triadic 
family interactions, and even larger family groups that include siblings, grand-
parents, and others. We are born into the family group and are set to “join” 
others very early in life. Groups comprise a hugely important part of how we 
function in society, and a description of the continuity of synchrony in the fam-
ily group and in other groups throughout life could contribute greatly to the 
biobehavioral synchrony literature. We expect future research paradigms to 
describe and examine what form synchrony takes in groups as they dynami-
cally form and interact. Following, we will be able to delve into the biological 
basis of such shared states, whether it is by measuring hormonal or autonomic 
nervous system markers during group interactions or by manipulating levels of 
hormones and neuropeptides prior to group interactions and measuring changes 
in observed synchronous behavior.
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Current research in infant development and psychopathology has begun to 
focus more intently on understanding the impact of early experiences, par-

ticularly exposure to stressful experiences and subsequent responses to those 
events. Biopsychosocial approaches, as illustrated throughout this volume, are 
attempting to delineate the complex interactions among social contexts, psycho-
logical processes, and biological reactions that mediate the effect of experience 
on outcomes. There is clear evidence that brain structure and functioning are 
significantly affected by infants’ experiences— both positive and negative. In 
addition, there is considerable interest in cellular and molecular processes acti-
vated by exposure to adverse experiences, and how these processes may relate 
to pathological outcomes.

These new frameworks, building on established approaches, are to some 
degree changing the questions being asked about risk and adversity in infancy. 
In recent years, there has been a shift from identifying risk factors to exploring 
risk mechanisms or processes more specifically. This has always been a goal of 
risk research, of course, but because of advances in the science of brain develop-
ment and functioning, gene regulation, and cellular and molecular processes, 
significant advances in studying the impact of adversity have been possible.

In this chapter, we selectively illustrate rather than comprehensively review 
relevant studies for purposes of highlighting current trends, as a full review of 
all relevant studies is beyond the scope in this brief overview. We begin with a 
brief primer on the behavioral manifestations of disorder and risk for disorder 
in early life. Next, we consider risk factors from three models of the association 
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between stress and developmental outcomes: (1) the widely accepted cumulative 
risk approach, (2) the diathesis– stress model, and (3) the differential susceptibil-
ity model. These topics shift the focus from solely on environmental risk factors 
to the complex interactions between environmental risk and developmental and 
individual differences. Next, recent characterizations of the environmental risk 
factors for infant and child development are considered, including toxic stress and 
exploring the specific types of deviations from the expectable environment that 
can occur in this crucial developmental period. These approaches are concerned 
with targeting how the environment exerts effects on the developing infant, and 
some also explicitly consider how individual infant factors may increase sus-
ceptibility to both positive and negative environments. We then discuss relevant 
developmental processes that may mediate and moderate the effects of adversity 
on outcomes, including sensitive periods in brain development, developmental 
programming, allostatic load, and epigenetic processes. Next, we highlight the 
protective qualities of parent– infant relationships for infants in adverse envi-
ronmental contexts. We conclude by identifying the potential future areas for 
research in order to continue to move the field forward.

Disorder and Risk for Disorder in early Life

Zero to Three, an advocacy organization focused on promoting well-being in 
infants and toddlers, created a task force to develop the Diagnostic Classifi-
cation of Mental Health and Developmental Disorders of Infancy and Early 
Childhood (DC: 0–3; Zero to Three, 1994) in order to establish a diagnostic 
system specific to the developmental level of young children. Other nosologi-
cal approaches (e.g., Diagnostic and Statistical Manual of Mental Disorders 
[DSM-5]; American Psychiatric Association, 2013) have thus far been unable 
to adequately include diagnostic criteria relevant for very young children. The 
second edition of DC: 0–3R (Zero to Three, 2005) is currently in use, which 
includes a multiaxial approach, with clinical disorders on Axis I, relationship 
disorders on Axis II, medical and developmental disorders on Axis III, psycho-
social stressors on Axis IV, and emotional and social functioning on Axis V. 
There is debate about whether we can accurately diagnose infants with “within- 
the- person psychiatric disorders” (Lyons-Ruth, Zeanah, Benoit, Madigan, & 
Mills- Koonce, 2014).

Infants and young children are completely dependent on caregivers for sur-
vival. Thus, when considering the behaviors of young children, it is important 
to understand the role of the caregiver in shaping, sustaining, or amplifying 
maladaptive behaviors. A common observation in young children is that prob-
lematic behaviors or symptoms may be evident in one relationship but not in 
others, suggesting that disorders may exist between the young child and his or 
her caregiver rather than within the young child. Sroufe (1989) emphasized that 
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although poignantly expressed as child behavior problems, most psychopathol-
ogy in the first 3 years of life is best conceptualized as relationship disturbances.

Nevertheless, some disorders that present in early childhood have little 
to no relational contributors (e.g., autism spectrum disorders), whereas others 
have a required relational component to their etiology (e.g., disinhibited social 
engagement disorder [DSED]). In between are the majority of disorders in which 
child contributors interact with parent contributors to lead to disturbed child 
behavior, such as sleep disruptions, aggression, or emotional dysregulation.

Psychiatric disorders in preschool children are conceptualized similarly 
to those in older children (see Egger & Angold, 2006), whereas for children 
younger than 2 years, other disorders predominate, including sensory process-
ing or regulatory disorders, feeding– eating disorders, sleep–wake disorders, 
posttraumatic stress disorder, attachment disorders (i.e., reactive attachment 
disorder and DSED), and relationship disorders. Still, disorders defined in cur-
rent diagnostic systems for infants and toddlers are mostly not well validated, 
and there remains considerable debate about how best to conceptualize the rela-
tional components of most behaviors observed in this age range (Sameroff & 
Emde, 1989).

exploring Risk Factors

Cumulative Risk

One of the most consistent findings in research in developmental psychopathol-
ogy is that risk factors and outcomes are often neither specifically nor directly 
linked. Multifinality describes when a single risk factor increases the probabil-
ity of a variety of adverse outcomes. For example, maternal depression increases 
risk in infants for insecure attachment (Shaw & Vondra, 1993), language and 
cognitive problems (Murray, 1992), and social interactive problems (Tronick 
& Reck, 2009). Equifinality describes when many different risk conditions 
increase the risk for a single outcome. For example, parental conflict (Shaw, 
Vondra, Hommerding, Keenan, & Dunn, 1994), insecure attachment (Fearon, 
Bakermans- Kranenburg, Van IJzendoorn, Lapsey, & Roisman, 2010), maternal 
depression (Goodman et al., 2011), and difficult infant temperament (Miner & 
Clarke- Stewart, 2008) have all been shown to increase the risk of externalizing 
behavior problems.

One illustration of lack of specificity in risk to outcome relations is the 
cumulative risk model, in which the number of risk factors is more predictive of 
poor outcomes than any particular risk factor. An influential recent example of 
this model is the Adverse Childhood Experiences Study (Felitti et al., 1998). In 
this study, more than 17,000 middle- class adults were asked to complete ques-
tionnaires about 10 types of stressful or traumatic experiences in their child-
hood: psychological abuse, physical abuse, sexual abuse, emotional neglect, 
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physical neglect, divorce/loss of parent, substance use in the home, depression 
or mental illness in the home, mother treated violently, or someone in the home 
was imprisoned. By summing the number of different types of adverse experi-
ences, investigators assigned a score from 0 to 10 to all participants, and found 
a linear relationship between the number of adverse experiences and a variety 
of health outcomes, including psychiatric disorders (e.g., depression), biomedi-
cal conditions (e.g., heart disease, chronic obstructive pulmonary disease, liver 
disease), and high-risk behaviors (e.g., smoking, sexual promiscuity, suicide 
attempts). Lack of specificity was the rule rather than the exception. For exam-
ple, 9 of the 10 types of adverse childhood experiences were linked to risk for 
heart disease as an adult (Felitti & Anda, 2014).

Many studies have also shown the cumulative risk model to be useful in 
linking early experiences to child development outcomes. Cumulative risks 
predicted externalizing and internalizing behavior problems in 4-year-olds 
(Trentacosta, Hyde, Goodlett, & Shaw, 2013). In another study, Appleyard 
and colleagues examined child maltreatment, intimate partner violence, fam-
ily disruption, low socioeconomic status, and high parental stress in early and 
middle childhood on child behavior outcomes in adolescence among 171 chil-
dren (Appleyard, Egeland, van Dulmen, & Sroufe, 2005). Increasing numbers 
of these risks in early childhood linearly predicted increases in behavior prob-
lems in adolescence. Underscoring the importance of early experiences, multiple 
risks during infancy and early childhood better explained variance in adolescent 
behavior than risks in middle childhood. Though the focus is typically on expo-
sure to negative events, Evans and colleagues also highlighted the importance of 
cumulative resources, noting that as assets accumulate, the probability of posi-
tive outcomes increases (Evans, Li, & Whipple, 2013). Consideration of both 
positive and negative exposures is a promising area for further exploration.

Diathesis–Stress

The diathesis– stress model provides an explanation of how risks and outcomes 
might be linked. The basic premise is that the presence of a stressor results in 
negative outcomes only among individuals with a vulnerability to the stressor. 
The vulnerability, which might be a genetic polymorphism, a pattern of stress 
reactivity, or even a temperamental disposition, is considered to render an indi-
vidual more susceptible to the stressful experience than those without the vul-
nerability. This model helps to explain why only some individuals develop disor-
ders following similar stressors and also why all individuals who share a specific 
vulnerability do not succumb to an adverse outcome.

This model has led to a variety of gene × environment interaction studies. 
For example, Hill and colleagues (2013) found that the presence of the low- 
activity, but not the high- activity, variant of the monoamine oxidase A (MAOA) 
functional promoter polymorphism (MAOA-LPR) involved in the regulation of 
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neurotransmitters including serotonin and dopamine, interacted with stressful 
life events during pregnancy to lead to higher infant negative emotionality at 5 
weeks of age. Both the diathesis (infant genotype of the low- activity MAOA-
LPR) and the stress (stressful events during pregnancy) appeared to be neces-
sary to predict negative emotionality in infants.

Differential Susceptibility

From an evolutionary perspective, however, it is unclear why genetic polymor-
phisms that create only vulnerability would be preserved. Belsky and Pluess 
(2009) have proposed a differential susceptibility model as an alternative to the 
diathesis– stress model. This hypothesis predicts that rather than some individu-
als being vulnerable only to negative outcomes, these individuals may simply 
be more sensitive to environmental context “for better and for worse,” such 
that susceptible individuals will show more positive outcomes when they grow 
up in favorable environments in addition to more negative outcomes in adverse 
environments (i.e., “orchid children”). Conversely, some individuals may be 
relatively unaffected by the range of potential rearing environments (i.e., “dan-
delion children”).

For example, Bakermans- Kranenburg and van IJzendoorn (2006) demon-
strated the moderating effect of a variant within the dopamine receptor D4 
gene, which is involved in the regulation of dopamine and has been linked to a 
number of psychiatric disorders, on the association between maternal sensitiv-
ity and externalizing behavior problems in young children. Children with the 
7-repeat allele and insensitive mothers had the highest levels of externalizing 
behaviors, whereas children with the same allele but with sensitive mothers had 
the least externalizing behaviors, suggesting that the 7-repeat allele may confer 
increased sensitivity to one’s environment. Intermediate levels of externalizing 
behaviors were found for those who lacked the allele, regardless of how sensitive 
or insensitive their mothers were.

Another example of differential susceptibility comes from the Bucharest 
Early Intervention Project (BEIP; Nelson, Fox, & Zeanah, 2014). It is well 
known that young children reared in institutions are at increased risk for 
indiscriminate social behavior, though not all children who experience insti-
tutional rearing develop indiscriminate behavior. The BEIP prospectively fol-
lowed infants between 6 and 30 months of age who had been abandoned at or 
soon after birth and placed in large impersonal institutions. These infants were 
comprehensively assessed and then randomized to foster care (which had not 
existed previously) or to care as usual (i.e., institutional care). This randomized 
controlled trial of foster care as an alternative to institutional care provided an 
opportunity to examine the differential susceptibility hypothesis. Children with 
the short/short (s/s) genotype in the serotonin- transporter- linked polymorphic 
region (5HTTLPR) that codes for the serotonin transporter, and met carriers (as 
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opposed to val/val individuals) in the brain- derived neurotrophic factor (BDNF) 
gene, a well- studied gene involved in learning and development, demonstrated 
the lowest levels of indiscriminate behavior in foster care and the highest levels 
in the care-as-usual condition. Children without these genotypes demonstrated 
little difference in levels of indiscriminate behaviors over time (Drury, Gleason, 
et al., 2012). In a separate study of this sample, the 5HTTLPR genotype was 
also found to moderate the association between institutional care and external-
izing symptomatology. Again, the s/s individuals were most susceptible to the 
negative environment (i.e., continued institutionalization) and most receptive to 
a positive environmental change (i.e., high- quality foster care), whereas the long 
(l) carriers were intermediate in terms of externalizing signs with no differences 
based on treatment group (Brett et al., 2015).

Davies and Cicchetti (2014) examined the potential mechanism behind 
their finding of differential susceptibility in a study that also examined the 
5HTTLPR gene in relation to early care and externalizing. Specifically, they 
studied the association between maternal unresponsiveness and child external-
izing behaviors in disadvantaged 2-year-old children. Maternal unresponsive-
ness significantly predicted increases in externalizing behaviors 2 years later, 
but only for children possessing the l/l genotype. Responsive mothers of chil-
dren with the l/l genotype had the lowest scores for externalizing behaviors. A 
mediated moderation analysis found that young children’s angry reactivity to 
maternal negativity partly accounted for the greater susceptibility of l/l carriers 
to variations in maternal unresponsiveness.

exploring adverse environments

Toxic Stress

Links between adverse early experiences and later maladaptive outcomes have 
increasingly focused on brain and biological systems that may mediate negative 
outcomes resulting from exposure to severe stress and trauma (Humphreys & 
Zeanah, 2015). In fact, the experience of stress resulting from adverse events, 
especially early in development, has provided an organizing framework for 
understanding psychopathology in childhood, even in infants and young chil-
dren. For example, the concept of “toxic stress,” the cumulative and pernicious 
effect of multiple, chronic environmental adversities, has been used to pro-
vide a framework for understanding the long-term physical and mental health 
consequences of stress on developing brain circuitry and other organ systems 
(Shonkoff & Garner, 2012). Inherent in this construct is the notion that an 
individual’s immediate responses to stress are designed to be adaptive, but if 
chronically activated, stress response systems may be maladaptive.

For example, diurnal cortisol, an important product of the body’s stress 
response, has been shown to be disrupted in children who have experienced 
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maltreatment (Bernard, Butzin- Dozier, Rittenhouse, & Dozier, 2010; Dozier 
et al., 2006; Fisher, Stoolmiller, Gunnar, & Burraston, 2007). Persistent expo-
sure to adverse environments is associated with flattened diurnal variation, with 
morning values lower and afternoon and evening values higher in children who 
have not experienced adversity.

Though a useful model for highlighting differences between typical and 
atypical stress, toxic stress as a construct has not been defined carefully, and 
its predictions about maladaptive outcomes are broad, universal, and post hoc. 
Furthermore, it is not obvious why similar patterns of stress dysregulation, for 
example, would derive both from deprivation, as occurs in children raised in 
institutions, and from chronic trauma, as occurs in children exposed to repeated 
intimate partner violence.

Deviations from the Expectable Environment

Although adverse experiences, including stress and trauma, seem to overwhelm 
children’s abilities to function effectively, what has not been done consistently 
in research is to distinguish between the effects of two different types of input: 
inadequate input (e.g., neglect/deprivation) and harmful input (e.g., abuse/
trauma), on brain and biological development. Importantly, each type of devia-
tion from the “expectable environment” for an infant has been associated with 
a broad array of maladaptive outcomes, including various domains of psycho-
pathology (National Research Council, 2013). Approaches to outlining the spe-
cific etiology for negative outcomes, as well as creating or selecting prevention 
and intervention programs may be informed by considering the unique conse-
quences of inadequate and harmful input in early childhood (Humphreys & 
Zeanah, 2015).

Brain plasticity is greatest in the earliest years, but the impact of early expe-
rience on brain development “cuts both ways,” given that the quality of the 
environmental input has a direct impact on the result of such plasticity. Devi-
ations from the expectable caregiving environment have potentially harmful 
effects on a range of important skills, including the development of cognitive, 
affective, and social abilities that take shape in the earliest years of life. Con-
sistent and nurturing caregivers play a crucial part in helping children develop 
emotion regulation abilities (Field, 1994), and the lack of appropriate caregiving 
due to abuse or neglect is linked to poor emotion regulation skills (Kim & Cic-
chetti, 2010). Though both harmful input and inadequate input in infancy are 
associated with negative outcomes, the differing impact of these deviations may 
be seen in specific neurobiological and behavioral sequelae.

For example, excessive and prolonged activation of fear circuitry during 
exposure to a trauma would be expected to increase the individual’s risk for 
posttraumatic stress disorder symptomatology. Children who have experienced 
abuse demonstrate a lower threshold for detecting angry faces than children 
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who were not abused (Pollak & Sinha, 2002), indicating an attentional bias 
toward threatening stimuli. Children who have been physically abused also 
have greater difficulty disengaging from angry faces (Pollak & Tolley- Schell, 
2003). The specifc focus on anger, presumably because of its salience in abuse, 
illustrates hypervigilance, a key symptom of posttraumatic stress disorder, and 
extends to enhanced ability to identify angry facial expressions (Pollak, Klor-
man, Thatcher, & Cicchetti, 2001).

Lack of input may also have long-term deletrious effects. For example, sev-
eral studies indicate a four- to fivefold increase in risk for inattention and hyper-
activity/impulsivity in children raised in conditions of deprivation compared 
with children unexposed to deprivation. Although attention- deficit/hyperactiv-
ity disorder (ADHD) is typically conceptualized as primarily genetic in origin, 
infants who have been neglected and placed in foster care (dosReis, Zito, Safer, 
& Soeken, 2001), and those raised in institutions (Kreppner, O’Connor, & Rut-
ter, 2001; Roy, Rutter, & Pickles, 2004; Zeanah et al., 2009), are at increased 
risk for inattention and hyperactvity/impuslivity. A recent study of school- age 
children with histories of institutional rearing in infancy found that teacher rat-
ings of signs of ADHD demonstrated patterns of thinning in the cerebral cortex 
comparable to those with ADHD and no institutional rearing (McLaughlin et 
al., 2013), suggesting that inadequate input in early infancy may be another 
pathway into the phenotype we define as ADHD.

Deviations from the expectable environment, both in the form of harmful 
input and lack of necessary input, are clearly associated with increased risks for 
subsequent psychopathology. Contemporary research is beginning to explore 
brain structure and function associated with various psychopathological pro-
files, but a gap remains between identifying descriptive accounts of aberrant 
behaviors and types of symptoms. Specific lines of inquiry are needed in order 
to understand the mechanisms by which experiences in differing environmental 
conditions lead to different patterns of function.

exploring Developmental Processes  
in the Context of adversity

Timing and Sensitive Periods

Human brain development is currently understood to involve three different 
processes (see Nelson et al., 2014, for more details). The basic architecture 
or blueprint for brain structure is provided by genetics. Many of the aspects 
of brain development are open to influences by individual experiences, how-
ever, allowing for adaptation to vastly different and often unpredictable envi-
ronmental experiences. Two types of experience— experience- dependent and 
experience- expectant development— have been described as sculpting details of 
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brain development beyond the basic blueprint (Greenough, Black, & Wallace, 
1987).

Experience- dependent development involves acquisition of information 
and learning from distinct individual experiences, and necessarily, is ongoing 
throughout the lifespan. Most likely, this involves active creation of new syn-
aptic connections and development of new circuitry. Learning new skills and 
developing perspectives are examples of experience- dependent development.

Experience- expectant development is a form of neural development that 
encompasses experiences anticipated to be present for virtually all members of 
a species. Input of an experience- expectant kind is also anticipated to occur at 
certain times in development, when the brain “anticipates” the input and is able 
to make use of the information. An example to illustrate the differences between 
experience- dependent and experience- expectant development is the acquisi-
tion of verbal language by human infants. The predisposition to develop verbal 
language is experience- expectant, but the specific language an infant acquires 
is experience- dependent. At 6 months of age infants can readily discriminate 
among the sounds of languages from around the world, however, by 12 months 
of age this ability diminishes as infants begin to lose the ability to distinguish 
between some sounds not present in their native language. Increased efficiency 
in native language processing required for further specialization comes at the 
cost of the reduced ability to process other languages. Infants who experience 
minimal or no language exposure, on the other hand, are at risk for long-term 
problems because the input did not occur at the expected time in development 
(Fox, Zeanah, & Nelson, 2014).

Given that human infants are an altricial species, having a caregiver is an 
experience- expectant stimulus (Tottenham, 2014). Infants are predisposed to 
form attachments to caregiving adults, even to parents who mistreat them (Cic-
chetti, Rogosch, & Toth, 2006). The formation of an experience- expectant 
attachment to a caregiver requires only minimal input during the sensitive period. 
On the other hand, variability in an infant’s experiences with a caregiver seem 
to be importantly related to the qualitative type of attachment that develops— 
secure, avoidant, resistant, or disorganized (NICHD Early Care Research Net-
work, 2006). The type of attachment formed by an infant– caregiver dyad is 
therefore likely to constitute an experience- dependent process.

Closely related to the notion of experience- expectant development is the 
concept of sensitive periods. For development to proceed normally, certain 
kinds of experience or input must occur at certain times, specifically when brain 
circuitry is maximally able to make use of the input (Nelson et al., 2014). The 
period during which the brain is most likely to respond to incoming informa-
tion is called a sensitive period. Input during the prior period before a sensi-
tive period opens or after it closes will have little effect on brain development. 
Although we are often most concerned about sensitive periods in behavioral 
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development, sensitive periods are actually properties of neural circuits (Knud-
sen, 2004). Complex behavioral constructs such as IQ, emotion regulation, and 
attachment involve many different levels of neural circuits, each of which may 
have different sensitive periods. This cascading time line protects the individual 
against a single moment in time being essential.

At the level of infant behavior, sensitive periods have been studied with 
regard to timing of interventions designed to ameliorate infants who are expe-
riencing adversity. Two longitudinal studies of infants raised in impersonal, 
depriving institutions illustrate these approaches. In the English and Romanian 
Adoptees Study (ERAS; Rutter, Sonuga-Barke, & Castle, 2010), children were 
adopted into middle- class English families following abandonment by their 
birth parents and placement in depriving institutions in Romania. They were 
followed from infancy through adolescence and investigators tracked persis-
tence of four deprivation- specific maladaptive patterns of behavior at age 15 
years: cognitive impairment, inattention/overactivity, disinhibited attachment, 
and quasi- autism. Children adopted prior to 6 months were extremely unlikely 
to show persistence of these patterns— less than 5% of children adopted prior to 
6 months showed persistence of any of these four deprivation- specific patterns 
(Rutter, Sonuga-Barke, Beckett, et al., 2010).

As discussed above, another study of Romanian abandoned children who 
were placed in institutions is the BEIP (Zeanah et al., 2003). This is the first 
ever, randomized controlled trial of foster care as an alternative to institutional 
care. In this study, sensitive periods were demonstrated at various ages. Infants 
placed in foster care prior to 12 months were protected from developing motor 
stereotypies (Bos, Zeanah, Smyke, Fox, & Nelson, 2010), before 15 months 
were protected from language delays (Windsor et al., 2011), and those placed 
before 24 months were more likely to form secure attachments (Smyke, Zea-
nah, Fox, Nelson, & Guthrie, 2010), and have higher IQs (Nelson et al., 2007). 
At age 8 years, BEIP investigators demonstrated that teacher- rated social skills 
and electroencephalography (EEG) alpha power (brain activity associated with 
attention and thought to reflect higher cortical functioning) were significantly 
greater in children placed in foster care before 24 months of age (Almas et al., 
2012; Vanderwert, Marshall, Nelson, Zeanah, & Fox, 2010).

These studies suggest a disparate range of ages that seem to reflect behav-
ioral sensitive periods across different domains of development. On the other 
hand, if we were to apply these findings to the question of timing of interven-
tions, a more circumspect conclusion is necessary. That is, the weight of evidence 
from a broad range of relevant studies indicates that the earlier a child experienc-
ing environmental adversity is removed and placed in an enhanced environment, 
the more likely the child will recover and the fuller the recovery is likely to be 
(Fox et al., 2014; Zeanah, Gunnar, McCall, Kreppner, & Fox, 2011). Certainly, 
there may be important treatment gains provided by later interventions, but the 
probability of full recovery appears to lessen as brain plasticity diminishes.
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Developmental Programming

The fetal environment exerts a significant influence on physiological function-
ing and subsequent risk for disease, including diseases that emerge in adulthood 
(Davis & Thompson, 2014). Developmental programming, fetal programming, 
and biological programming are all terms referring to the calibration early in 
life of various bodily systems and processes to environmental conditions, espe-
cially extreme conditions. Stressors during pregnancy, such as poor nutrition, 
more than one fetus, or excessive steroid exposure, may impact appropriate 
adaptation. When there is a mismatch between the environment expected by 
the fetus due to stressors in pregnancy and the later environment, problems may 
ensue because earlier programming may limit the infant’s ability to adapt. The 
original study in this area demonstrated links between low birth weight infants 
and risk for heart disease in adulthood. Reviewing records kept by nurse home 
visitors in the United Kingdom in the early 20th century of birth and infancy 
weights, Barker (2003) compared these records with death records of the same 
individuals who had been seen by the nurses in infancy. Individuals who had 
been born with low birth weight were significantly more likely to develop coro-
nary disease as adults.

Evidence from numerous animal studies and increasing evidence from stud-
ies of humans suggest that impaired fetal growth followed by rapid catch-up 
in infancy is a strong predictor of many diseases in adults, including obesity, 
hypertension, non- insulin- dependent diabetes, and heart disease (Davis & 
Thompson, 2014). Relative undernutrition “programs” physiological and met-
abolic systems, and when followed by overnutrition leads to disease (Barker, 
2012). Both the undernutrition early and the overnutrition later are necessary 
to confer increased risk.

How developmental programming might affect other behaviors and brain 
development is less clearly elucidated. Implicit in the programming hypothesis 
is the idea of a phenotypic plasticity in which outcomes can be calibrated by 
experiences in utero and following birth. The maternal neuroendocrine system 
provides information to the developing fetus about the current maternal envi-
ronment, and as such may shape fetal development to prepare the infant for a 
similar environment at birth. Studies have implicated hypothalamic– pituitary– 
adrenocortical (HPA) axis (part of the neuroendocrine system that is crucial in 
regulating the stress response) programming prenatally (O’Connor et al., 2005), 
and the impact of both maternal cortisol (a hormone that fluctuates throughout 
the day and spikes in response to stress) and pregnancy anxiety in early gesta-
tion predicted infant mental development measured at age 12 months (Davis 
& Sandman, 2010). Though the effect of maternal stress on long-term child 
outcomes has been traditionally characterized from a “risk factor” perspec-
tive, evolutionary– developmental theory has been used to consider the adaptive 
aspects of programming from maternal stress (e.g., Del Giudice, 2012). Intense 
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maternal stress during pregnancy has been linked to a host of psychopathologi-
cal profiles, including anxiety, inattention, and aggression (Glover, 2011), and 
some of these behaviors may be considered to be adaptive in high- stress con-
texts, much as the prenatal calibration to undernutrition may be adaptive in low 
food resource environments.

Allostatic Load

Allostatic load is a similar construct to toxic stress (McEwen & Stellar, 1993). 
Allostasis refers to maintaining homeostasis or physiological stability through 
changing environmental circumstances and conditions. Maintaining physi-
ological regulation within a relative narrow range has survival value. Nervous, 
endocrine, and immune system mediators are triggered by various stressors to 
ensure that the individual responds adaptively. However, if these systems are 
activated repeatedly or chronically, allostatic load theory postulates that mal-
adaptive consequences will ensue. Allostatic load refers to cumulative negative 
costs (wear and tear) that the body experiences due to repeated or prolonged 
activation in response to stressors (Danese & McEwen, 2012). Overexposure 
to neural, endocrine, and immune stress mediators can compromise function-
ing in various organ systems and lead to disease. McEwen (2000) has described 
four patterns of allostatic load: (1) excessive stress and repeated, novel events 
that cause repeated elevations of stress mediators over long periods of time; (2) 
failure to habituate or adapt to the same stressor, leading to overexposure to 
stress mediators when the body fails to deactivate hormonal stress response to 
a repeated event; (3) failure to regulate stress responses or to display the normal 
diurnal regulation of cortisol; and (4) inadequate hormonal stress response that 
allows other systems, such as the inflammatory cytokines, proteins induced by 
oxidant stress, to become overactive.

Measuring allostatic load is complex, potentially including systolic and dia-
stolic blood pressure (indexing cardiovascular health), waist to hip ratio (index-
ing more chronic levels of metabolism and adipose tissue deposition), serum 
high- density lipoprotein (HDL) and total cholesterol (indexing atherosclerosis), 
blood levels of glycosylated hemoglobin (indexing glucose metabolism over sev-
eral days’ time), serum dihydroepiandrosterone sulfate (DHEA-S, a functional 
HPA axis antagonist), overnight urinary cortisol excretion (indexing 12-hour 
HPA axis activity), and overnight urinary norepinephrine and epinephrine 
excretion levels (indexing indices of 12-hour sympathetic nervous system activ-
ity; McEwen, 2000).

In one of the few studies in early childhood, an allostatic load index was 
created in a sample of 2-year-old children from measures of low birth weight, 
short naps, reduced sleep time, high cortisol laboratory reactivity to novel epi-
sodes, and flat home diurnal cortisol slope over the day (Buss, Davis, & Kiel, 
2011). The allostatic load index and an environmental load index were summed 
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to create a cumulative load index that ranged from 0 to 11. Concurrent asso-
ciations were found between load indices and internalizing and externalizing 
problem behaviors in the children. When extremes in this low-risk sample were 
examined, they found that the load indices were more predictive of internalizing 
problems that continued to increase over the next 3 years. Early indicators of 
allostatic load could provide a more specific means of identifying children for 
whom early intervention is indicated within high-risk groups.

Epigenetics

Epigenetics refers to functionally relevant modifications to the genome that do 
not involve a change in nucleotide sequence. These changes impact gene expres-
sion, and to date, three processes have most studied: telomere shortening, gene 
methylation, and histone modification. Most of this work has been conducted in 
animals, but studies in humans are beginning to appear and signal an important 
new direction for understanding the mechanisms by which adverse experiences 
may change developmental trajectories. The study of epigenetics has provided 
insight into how environmental exposures to stress can impact health through 
changes in gene expression. The process behind developmental programming, 
for example, likely involves both methylation and demethylation, a process that 
affects the expression of genes (Seckl & Holmes, 2007). Increased deoxyribonu-
cleic acid (DNA) methylation of the glucocorticoid receptor, which is involved in 
regulating stress responsivity, as well as increased lethargic behavior, was found 
in newborns whose mothers reported depression during their pregnancy com-
pared with infants whose mothers were not depressed (Conradt, Lester, Apple-
ton, Armstrong, & Marsit, 2013). Mapping potential epigenetic changes that 
link experience to gene expression and behavior is an exciting area of research 
in the field of infant development.

Another epigenetic process, the study of telomere shortening as an index 
of stress, is also beginning to be explored. Telomeres are specialized nucleotide 
repeats located at the end of chromosomes that confer chromosomal stability 
(Blackburn, 2000; Chan & Blackburn, 2004). Telomeres often shorten with 
replication and, when telomeres become too short, cellular senescence is trig-
gered. Therefore, telomere length (TL) is considered a biological marker of cel-
lular aging (Epel et al., 2004) that may also reflect cumulative stress exposure; 
indeed, shorter TL has been associated with a number of age- related health 
problems, including cardiovascular disease, cancer, stroke, and diabetes (Price, 
Kao, Burgers, Carpenter, & Tyrka, 2013). Oxidative stress shortens telomeres, 
and recent studies have demonstrated that children who have experienced vari-
ous types of adversity (e.g., maltreatment, exposure to violence, institutional 
rearing) have shorter telomeres than less stressed children.

Drury and colleagues examined exposure to deprivation among children 
from the BEIP and operationalized as a percentage of the time each child at 
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baseline (range of 6 to 30 months, mean age 22 months) and at 54 months 
of age had lived in an institution (Drury, Theall, et al., 2012). Children with 
greater exposure to institutional care had significantly shorter relative TL in 
middle childhood, with an important moderation by gender. For girls, more 
institutional rearing at baseline was associated with shorter telomeres in middle 
childhood. For boys, more institutional care through 54 months of age was 
associated with shorter telomeres in middle childhood. Asok et al. extended 
these findings by demonstrating that responsive parenting moderated the effect 
of maltreatment on TL, after controlling for household income, birth weight, 
gender, and minority status (Asok, Bernard, Roth, Rosen, & Dozier, 2013). 
Taken together, these findings suggest that negative early experiences in the 
form of deprivation or abuse may result in increased cellular aging. On the other 
hand, responsive parenting may have protective benefits on telomere shortening 
for young children exposed to early-life stress. If so, these findings have signifi-
cant implications for early parenting interventions.

exploring infant–Caregiver Relationships

Human infants require caregivers’ protection and support to ensure survival for 
years after birth (Tottenham, 2014). Beyond providing basic instrumental needs 
and physical protection, however, relationships between infants and caregivers 
also provide an essential role in helping infants regulate responses to stressors 
and other experiences of adversity. Implicit in the studies cited in previous sec-
tions is that the proximal social context for infant development is the infant’s 
relationship(s) with caregiver(s). For better or worse, infant experiences of envi-
ronmental risk conditions will be experienced through a relatively small number 
of relationships with caregivers. As an example, poverty is one of the most stud-
ied and best documented risk factors for outcomes across a range of develop-
mental domains (Brooks-Gunn & Duncan, 1997). Still, a 12-month-old infant 
does not know what it means to be poor except as experienced through his 
or her primary caregiving relationships. Poor infants who have secure attach-
ments, for example, are likely to be protected from adverse outcomes compared 
with nonsecurely attached infants. Secure attachment has been found to buffer 
the impact of parental stress (Tharner et al., 2012), indicating the importance 
of infant– caregiver relationship in protecting the developing child from salient 
risk factors.

The protective effects of these relationships are often most evident in the 
extremes of environmental adversity. For example, in BEIP, caregiving quality 
at 30 months of age was associated with psychopathology 2 years later. This 
association was mediated by security of attachment at 42 months (McGoron et 
al., 2012). These findings indicate that having a secure attachment relationship 
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with a caregiver, even among children with histories of extreme deprivation, can 
protect against the risk of later psychopathology.

Future Directions

We have outlined in this chapter several current directions in the study of risk 
and adversity in infancy. We expect that these lines of research will be continued 
in the future, and with the seemingly ever- expanding technical advances and 
understanding of genetics and the brain, much can be gained by further study. 
Particularly innovative areas for future work include the biological embedding 
of early environmental experiences. Identifying the mechanisms by which early 
adversity confers broad risk for a number of mental and physical difficulties 
may provide promising avenues for prevention and intervention, and promises 
to bring studies of the precursors of mental and physical health into increas-
ingly closer alignment. Additionally, further study of individual differences in 
response to early experience may allow for specific tailoring of interventions, as 
well as refinement in our diagnostic system. The National Institute of Mental 
Health Research Domain Criteria (RDoC) project (Insel et al., 2010) was cre-
ated to guide the study of psychopathology by linking specific behavioral pheno-
types (as opposed to disorder- level approaches) to underlying pathophysiology. 
This effort is ongoing and is expected to generate research that deviates from 
current diagnostic systems that have not explicitly considered etiology in the 
formulation of most disorders (e.g., DSM-5; American Psychiatric Association, 
2013). The RDoC framework will provide a substantial push for researchers to 
consider the genetic and neural underpinnings of psychopathology. We believe 
that this approach, particularly when accompanied by careful consideration of 
how the environment dynamically interacts with the developing brain, is likely 
to contribute to mechanistic understandings of disease onset and progression. 
Last, in concert with recent calls for further action linking neuroscience with 
clinical practice (Holmes, Craske, & Graybiel, 2014), we believe an important 
area for future research is in studying the impact of extant effective psychologi-
cal interventions. By studying the mechanisms of change underpinning proven 
interventions, we can improve existing interventions as well as develop new 
techniques for treating and preventing psychopathology.

Conclusions

Infancy is a period when the environment is of great importance due to the 
heightened plasticity, presence of sensitive periods, and the experience- expectant 
and experience- dependent nature of the developing brain. Adverse experiences 
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during this period have been linked to a myriad of negative outcomes, and cur-
rent biopsychosocial frameworks are beginning to delineate the specific impact 
of various types of negative experiences and the mechanisms by which these 
experiences result in psychopathology and other outcomes. Individual differ-
ences, in the form of genetics and temperament, seem to moderate the impact of 
such negative events. Additionally, caregivers are critical for providing children 
with the basic necessities for survival, and relationships with caregivers may 
buffer infants from stress and foster positive experiences that provide a strong 
foundation for future development. Longitudinal studies can identify trajecto-
ries of children based on specific forms of adverse early experiences, considering 
both developmental and individual differences, and the role of infant– caregiver 
relationships. Though there is much yet to learn, there are already clear implica-
tions from research on infant development. Specifically, supporting programs 
and policies that work to help caregivers be consistent and sensitive to their 
infants is essential for promoting infant mental health.
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Infants’ relationships with their parents provide critical input for developing 
brain and behavioral systems. The role of parents in infants’ psychobiologi-

cal development has been most clearly studied in cases in which infants are 
deprived of parental care, such as with institutionalized children (Nelson, Fox, 
& Zeanah, 2014), and in experimental animal studies of social isolation or 
deprivation (see Harlow, Dodsworth, & Harlow, 1965; Suomi, 1997). Animal 
studies have also illuminated how variations in parenting behavior have lasting 
effects on the development of offspring (e.g., Francis, Diorio, Liu, & Meaney, 
1999; Weaver et al., 2004). Behavioral, neurobiological, and epigenetic parent-
ing findings from animal studies can be compared to the variations of parenting 
in human populations of children at risk for adversity. In this chapter, we exam-
ine how variations in parenting, specifically in the form of abuse and neglect, 
influence psychobiological development. We also discuss psychosocial interven-
tion as a means of experimentally manipulating parenting and the resulting 
influences on child development.

Early on, parents serve as coregulators for infants, with infants gradually 
taking over regulation of biological and behavioral systems themselves. When 
parents are responsive to children’s cues, infants receive input that is critical 
to brain and behavioral development. Such experiences are key to children’s 
developing adequate self- regulatory capabilities. Many parents fail to respond 
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in consistent and predictable ways, however, which can adversely affect young 
children’s developing adequate self- regulatory systems. In the case of some care-
givers, this is seen in neglect, with parents providing inadequate input. In the 
case of others, this is seen in abuse, with parents providing aversive input. Chil-
dren who lack a caregiver, as in the case of institutionalized children, experience 
the most extreme conditions of privation (Nelson et al., 2014). Given infants’ 
dependence on caregiver input for developing self- regulatory capabilities at 
the biological, behavioral, and emotional levels, this lack of input or aversive 
input has consequences that can be cascading (Institute of Medicine [IOM], 
2013). Recovery is nonetheless possible when parenting changes as the result of 
intervention. Plasticity of brain and behavioral systems makes the developing 
child vulnerable to problematic environments, but also receptive to remediation. 
There are consequences of neglect and abuse on young children’s developing 
biological and behavioral systems, and the possibility for recovery.

why is Parenting So important?

Human infants are evolutionarily prepared to depend upon caregivers. Humans 
are a highly altricial species, with a quite protracted period of immaturity. 
Infants are reliant on parents for help regulating a wide range of functions, from 
neuroendocrine and temperature regulation to feelings of safety and security 
(Hofer, 1994, 2006). When caregivers cannot be depended on for protection 
and security, as in the case of neglect or abuse, there are problematic conse-
quences for infants.

Children may experience any number of types of adversity, including 
neglect, abuse, institutional care, and exposure to domestic or neighborhood 
violence, among other things. Experiencing one type of adversity often increases 
the risk of other types of adversity, with the co- occurrence of multiple types of 
adversity common (e.g., Dong, Anda, Dube, Giles, & Felitti, 2003; Dong et 
al., 2004; Hillis et al., 2004). Although attempts have been made to isolate the 
effects of different types of adversity, the strongest statements can be made with 
regard to cumulative risk, with the greater number of risk factors predicting 
more problematic outcomes (Appleyard, Egeland, van Dulmen, & Sroufe, 2005; 
Sameroff, Bartko, Baldwin, Baldwin, & Seifer, 1998). This is a phenomenon 
that was identified by Sameroff and colleagues several decades ago (Sameroff 
& Chandler, 1975), which has attracted attention in recent years as the Adverse 
Childhood Experiences Study (ACES) results were published (e.g., Chapman et 
al., 2004).

While acknowledging the importance of cumulative risk, we also consider 
the specific types of adversity— neglect, abuse, and institutional care—in more 
detail below.
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Maltreatment

In the United States, about 700,000 children are documented as maltreated 
annually (out of about 3 million referrals for possible maltreatment; U.S. 
Department of Health and Human Services [US DHHS], 2013). Infants are 
disproportionately represented among these numbers. Of the total documented 
as maltreated in 2012, 12.8% were children under the age of 1, 7% between the 
ages of 1 and 2, and 7% between the ages of 2 and 3 (US DHHS, 2013). Many 
more parents behave in ways that are harmful to children through acts of com-
mission or omission than those who are formally charged with abuse or neglect.

By far the most common form of maltreatment is neglect, representing 
about three- quarters of all maltreatment cases (US DHHS, 2013; IOM, 2013). 
Neglect is a failure to care for or protect a child in a way that places the child 
in danger (Child Abuse Prevention and Treatment Act [CAPTA], 2010). Often, 
neglect involves a parent leaving a child or children unattended, or otherwise 
failing to meet needs at a level that is noticeable.

There are far fewer documented cases of abuse than neglect, with abuse 
making up about 18% of all maltreatment cases in the United States (US 
DHHS, 2013). Abuse refers to physical harm of children at the hands of care-
givers. Among infants, abusive head trauma (previously termed shaken baby 
syndrome) is often the result of young children experiencing shaking and/or 
blunt impact (Christian, Block, & the Committee on Child Abuse and Neglect, 
2009). Infants under the age of 4 months, the age that corresponds with the lon-
gest periods of crying, experience such injury at the highest rates (Barr, Trent, 
& Cross, 2006; Lee, Barr, Catherine, & Wicks, 2007).

Parental frightening behavior often does not meet the threshold for abusive 
behavior, but is relatively common, especially among highly stressed parents, 
and has problematic effects on the development of infants and young children 
(Hesse & Main, 2006; Schuengel, Bakermans- Kranenburg, & Van IJzendoorn, 
1999). When parents behave in frightening ways, infants have difficulty depend-
ing on them effectively for help regulating behavior.

institutional Care

Orphanages and other institutional settings represent the most extremely 
neglecting conditions (Dozier et al., 2014; Nelson et al., 2014; Pinheiro, 2006). 
In the last several centuries, institutional care has become commonplace in 
many countries for the care of children who lose their parents, are abandoned, 
or are taken away by authorities (Hrdy, 1999; Smith, 1995). In such facilities, 
young children often do not have a primary caregiver. Typically staff members 
work shifts, with children experiencing many caregivers over time. The staff–
child ratio is often very low, such that there is little chance that children receive 
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individualized attention or contingent responding. In these contexts, routines 
are established to enhance efficiency (such as feeding or diapering), but not 
with individual child needs in mind (Dozier, Zeanah, Wallin, & Shauffer, 2012; 
Leiden Conference on the Development and Care of Children without Perma-
nent Parents, 2012; Nelson et al., 2014; Smith, 1995). Not surprisingly, children 
under these conditions often show global deficits across all domains of func-
tioning that are not highly canalized.

Conditions of neglect and abuse are rarely as extreme as conditions of insti-
tutional care, and children do not typically show the pervasive deficits seen in 
institutional settings. Nonetheless, in less extreme conditions of neglect and/
or abuse, deficits are often seen in attachment relationships and regulation of 
behavior and physiology, with these outcomes often having cascading effects.

Remediation and Recovery

It is hard to imagine an intervention more powerful than changing the caregiv-
ing environment of children who experience adversity. Fundamental changes 
in parenting can be accomplished through adoption or foster care, or through 
interventions that help birth parents interact in qualitatively different ways.

Whereas foster care is designed to be a temporary caregiving situation, 
adoption is intended to be permanent. There are exceptions of course, with 
foster caregivers sometimes adopting children in their care, and more rarely 
adoptive parents disrupting the adoption. An enhanced system of foster care 
was used in the Bucharest Early Intervention Project (BEIP). In the BEIP, chil-
dren were randomly assigned from Romanian orphanages to care as usual or to 
enhanced foster care. In enhanced foster care, parents were permanent caregiv-
ers who were dedicated to raising the children, although parental rights were 
not terminated. In general, adoption has dramatic effects on child outcomes, 
with children showing advantages in attachment security, physiological regula-
tion, and regulation of emotions and behaviors (Johnson et al., 2010; Nelson 
et al., 2007; Smyke, Zeanah, Fox, Nelson, & Guthrie, 2010). Although the 
timing of the adoption (and/or the length of time in extremely adverse condi-
tions) matters in terms of child outcomes, adoption can be seen to have robust 
effects. Foster care can also result in dramatic improvements in children’s ability 
to regulate attachment, behavior, and physiology (Bernard, Butzin- Dozier, Rit-
tenhouse, & Dozier, 2010; Dozier, Stovall, Albus, & Bates, 2001). These effects 
are described in more detail in specific sections below.

Although parenting interventions for maltreating parents do not represent 
the “sledgehammer effect” of adoption, they can help change the environments 
infants are experiencing in fundamental ways when parents successfully develop 
different parenting approaches. Interventions have been found to have pervasive 
effects (e.g., Bernard, Dozier, Bick, & Gordon, 2014; Bernard, Hostinar, & 
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Dozier, 2015; Cicchetti, Rogosch, & Toth, 2006; Hoffman, Marvin, Cooper, 
& Powell, 2006; Meade, Weston-Lee, Haggerty, & Dozier, 2014). Several inter-
ventions are described later in this chapter.

effects of adversity on attachment, emotion Regulation, 
and hypothalamus–Pituitary–adrenocortical Regulation

Experiences of early adversity such as neglect, abuse, and institutional care have 
their most pronounced effects on early developing behavioral and biological 
systems that are most highly reliant on environmental input. The attachment 
system, the system of regulating emotions, and the hypothalamus– pituitary– 
adrenocortical (HPA) axis are among these systems most affected.

Attachment

Infants organize their attachment systems around the availability of caregiv-
ers (Bowlby, 1969/1982). When caregivers are available and responsive, infants 
typically develop secure, organized attachments (Ainsworth, Blehar, Waters, & 
Wall, 1978). When caregivers reject infants’ bids for reassurance, infants often 
develop avoidant attachments, and when caregivers are inconsistent in availabil-
ity, infants often develop resistant attachments. Avoidant and resistant attach-
ments represent organized strategies; such strategies are both organized around 
the availability of the caregiver and provide the child an organized approach to 
dealing with distress.

Attachment and Maltreatment

When children are maltreated or experience other types of significant adver-
sity, they are at increased risk for developing disorganized attachments (Ber-
nard et al., 2010; Carlson, Cicchetti, Barnett, & Braunwald, 1989; Cicchetti et 
al., 2006; Cyr, Euser, Bakermans- Kranenburg, & van IJzendoorn, 2010; van 
IJzendoorn, Schuengel, & Bakermans- Kranenburg, 1999). Disorganized attach-
ments reflect a lack of strategy or breakdown in strategy when children are 
distressed and in their parents’ presence. Hesse and Main (2000) have suggested 
that, when children have frightening caregivers, they experience an unsolvable 
dilemma. Because such children are frightened of the caregivers on whom they 
need to depend, they experience a conflict (Hesse & Main, 2000). This dilemma 
is manifested behaviorally in the Strange Situation when children behave in 
ways that seem paradoxical (e.g., moving toward the caregiver and then moving 
sharply away, or crying while falling to the floor), or in ways that directly reflect 
their conflict or apprehension (e.g., freezing or stilling when reuniting with par-
ent; Main & Solomon, 1990). These disorganized attachments are particularly 
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concerning because they are predictive of a range of later problems, including 
externalizing behavior problems, dissociative symptoms, and future psycho-
pathology (Carlson, 1998; Fearon, Bakermans- Kranenburg, van IJzendoorn, 
Lapsley, & Roisman, 2010; Lyons-Ruth, Easterbrooks, & Cibelli, 1997; Lyons-
Ruth, Connell, Zoll, & Stahl, 1987; van IJzendoorn et al., 1999).

Cyr et al. (2010) conducted a meta- analysis that included the 10 studies of 
attachment quality with maltreated samples. The effect size was large for both 
disorganized attachment and insecure attachment (d = 2.19 and 2.10, respec-
tively). Although neglect was more strongly related to insecure attachment and 
abuse to disorganized attachment, both neglect and abuse were predictive of 
disorganized and insecure attachments.

Attachment and Institutional Care

Under almost all conditions, children form attachments to their parents or care-
givers. In terms of our evolutionary history, maintaining attachments was key 
to survival for infants, with attachment appearing highly canalized under most 
conditions. The only apparent exception is that some institutionalized children 
fail to develop fully formed attachments, and some postinstitutionalized chil-
dren may take some period of time before they show a fully formed attachment 
after being placed with adoptive parents (Zeanah, Smyke, Koga, & Carlson, 
2005). Indeed, Zeanah et al. found that, whereas all children who had lived 
continuously with birth parents showed fully developed attachments, only 3.2% 
of institutionalized children showed fully developed attachments.

Attachment Following Adversity: Foster and Adoptive Care

Stovall- McClough and Dozier examined the process by which children form 
attachments to new foster parents. Foster parents were asked to describe inci-
dents when children were distressed (i.e., hurt, separated, and frightened) each 
day immediately following placements. Children younger than about a year 
of age showed secure behaviors when placed with nurturing caregivers quite 
quickly, typically within the first week to two of placement. Children placed 
after about a year tended to show avoidant or resistant behaviors even when 
placed in the care of nurturing parents, and over a period of several months 
(Stovall & Dozier, 2000; Stovall- McClough & Dozier, 2004). Nonetheless, 
even though longer periods of time were required for consolidation among older 
than younger infants, eventually both groups formed secure attachments when 
placed with nurturing caregivers, as assessed in the Strange Situation. However, 
when placed with non- nurturing caregivers, children were at high risk for disor-
ganized attachments (Stovall- McClough & Dozier, 2004).

Van den Dries, Juffer, van IJzendoorn, and Bakermans- Kranenburg (2009) 
conducted a meta- analysis of adopted children’s attachment quality relative to 
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nonadopted children and foster children. Children adopted before the age of 1 
showed secure attachments at rates similar to nonadopted children. Although 
children adopted after the age of 1 showed secure attachments at rates lower 
than low-risk birth children, these rates were comparable to the rates of fos-
ter children. Similarly to foster children, disorganized attachments were ele-
vated among adopted children relative to nonadopted children. Although being 
adopted later than 12 months of age confers some disadvantage for children, 
such children fare surprisingly well given their early history of disadvantage.

Emotion Regulation

In early childhood, infants are limited in their abilities to regulate their own 
emotions and are dependent on caregivers for managing their distress (Sroufe, 
1996; Tronick, 1989). Emotion regulation, defined as the process responsible 
for monitoring, evaluating, and modifying emotional reactions (Thompson, 
1994), is a critical component of socioemotional competence and mental health 
(e.g., Eisenberg & Fabes, 1992; Shonkoff & Phillips, 2000). Development of 
adequate emotion regulation is dependent on parenting and experience, as well 
as internal biological predispositions (Calkins, 1994). Early attachment rela-
tionships and experiences shape the rapidly developing limbic system using an 
environmentally driven process (Cassidy, 1994). Due to rapidly changing biol-
ogy and interactions with the environment, emotion regulation skills develop 
dramatically across the first few years of life, as children shift from being depen-
dent on coregulation with their caregiver to being able to utilize independent 
strategies to decrease the intensity and duration of negative emotions (Calkins, 
Gill, Johnson, & Smith, 2001; Cole et al., 2011; Kopp, 1982).

Caregivers promote and scaffold emotion regulation development in several 
ways. Very young infants are highly attuned and responsive to their caregivers’ 
emotions and use parental emotional signals to guide their own behavior (Klin-
nert, Campos, Sorce, Emde, & Svejda, 1983; Lelwica & Haviland, 1987; Malat-
esta & Izard, 1984). Mutual, reciprocal interactions between caregivers and 
infants may consolidate infant emotion regulation skills (Panksepp, 2001), with 
links between putative biological rhythms indicative of regulation in 3-month-
olds and mother– infant synchrony (Feldman, 2006; Moore & Calkins, 2004). 
Moreover, affect synchrony and contingent responsiveness in infancy predict 
self- regulation in toddlerhood (Feldman & Eidelman, 2004; Feldman & Green-
baum, 1997; Shaw, Keenan, & Vondra, 1994; Shaw et al., 1998), suggesting 
that caregiving responsiveness is a mechanism in the development of indepen-
dent regulation skills. As children grow older and as they develop the ability 
to use language, they communicate their needs to their parents through both 
verbal and nonverbal expressions, but still need parental support in the service 
of developing emotion regulation skills (Cole, Armstrong, & Pemberton, 2010; 
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Kopp, 1989). Discussion, support, and labeling of emotions can help children 
learn about how to manage negative emotions on their own (e.g., Gottman, 
Katz, & Hooven, 1997; Kopp, 2009; Lunkenheimer, Shields, & Cortina, 2007; 
Saarni, 1999; Shipman et al., 2007).

The quality and history of the parent– child relationship is important in 
this scaffolding process. Cassidy (1994) has described emotion regulation as 
an adaptive strategy that functions to maintain the infant’s relationship with 
his or her caregiver. Securely attached children could be more likely to freely 
and flexibly share emotions with their parents if they believe those emotions 
will be responded to sensitively than children who believe their emotions will 
be dismissed, ignored, or responded to inappropriately (e.g., with anger). Taken 
from this view, infant emotions are expressed based on the degree to which the 
infant expects others to respond to his or her emotional signals. This theory 
is supported by research that finds associations among attachment, children’s 
emotion regulation, and parents’ responses to child negative emotion (Berlin & 
Cassidy, 2003; Diener, Mangelsdorf, McHale, & Frosch, 2002; Volling, McEl-
wain, Notaro, & Herrera, 2002; Vondra, Shaw, Swearingen, Cohen, & Owens, 
2001).

Children in environments without nurturing, responsive caregivers could 
thus struggle to develop the skills necessary for regulating their emotions. Chil-
dren could either receive little or no response to their negative emotions, as in the 
case of neglect, or harsh, threatening, and inconsistent responses, as in the case 
of maltreatment (Milner, 2000). Such environments can be doubly detrimental, 
for children who are maltreated may not only experience the lack of supportive 
and responsive caregiving to their distress, but they may also endure abusive 
or neglecting caregiving that can be the source of distress (Shipman & Zeman, 
2001). Consistent with this line of reasoning, Cicchetti and colleagues (Cic-
chetti, Ackerman, & Izard, 1995; Kim & Cicchetti, 2010; Rogosch, Cicchetti, 
& Aber, 1995) have found that maltreated children may struggle to understand, 
develop strategies for, and regulate emotions.

In the most extreme example of poor caregiving environments, prolonged 
institutional care, young children are at a high risk for profound negative effects 
on emotional development. Late adoption from institutional care was associ-
ated with poorer emotion regulation than earlier adoption from the institutional 
environment, and with larger amygdala volume (Tottenham et al., 2010). In 
addition, young children in Romanian institutional care were less likely to show 
positive emotion and more likely to show negative emotion during a puppet task 
than children who had never been institutionalized (Smyke et al., 2007).

Maladaptive emotion regulation strategies, or emotion dysregulation, can 
have cascading effects on the development of psychopathology (Cole, Michel, & 
Teti, 1994). Problems in regulating emotion are diffuse and long lasting, associ-
ated with externalizing behaviors, such as aggression and behavior problems 
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(Eisenberg et al., 2001; Kim & Cicchetti, 2010), internalizing behaviors, such 
as depression (Cole, Luby, & Sullivan, 2008; Maughan & Cicchetti, 2002), and 
challenges in peer relations (Kim & Cicchetti, 2010; Rogosch et al., 1995).

HPA Axis and Biological Regulation

As the infant brain develops, early experiences shape morphological and func-
tional changes (Gunnar & Donzella, 2002). The HPA axis is especially sensitive 
to such adversity (Bernard et al., 2010; Bruce, Fisher, Pears, & Levine, 2009; 
Gunnar, Fisher, & The Early Experience, Stress, and Prevention Network, 
2006; Gunnar & Vasquez, 2001; Levine, Wiener, & Coe, 1993). The HPA axis 
performs two orthogonal functions. First, the HPA axis mounts a biological 
response to perceived stress, ultimately resulting in the production of glucocorti-
coids (cortisol in humans, corticosterone in rats). This cascade diverts resources 
away from processes associated with long-term survival, such as reproduction, 
immune functioning, growth, and storage of energy. Instead, these resources 
are used to quickly increase available energy to address the immediate stressor 
(Gunnar & Cheatham, 2003; Gunnar & Quevedo, 2007). Second, the HPA 
axis plays an important role in maintaining and regulating the circadian pat-
terns, such as waking, sleeping, and metabolism (Gunnar & Cheatham, 2003). 
Humans exhibit a diurnal pattern of cortisol, with cortisol peaking soon after 
wake-up, reflecting the metabolism of glucose into energy resources for the day. 
Cortisol levels decrease sharply midmorning and gradually decrease until bed-
time (Gunnar & Donzella, 2002).

These functions are sensitive to the effects of early adversity and the quality 
of maternal care (e.g., Bernard et al., 2010; Bernard & Dozier, 2010; Gunnar & 
Donzella, 2002; Gunnar & Vasquez, 2001; Hane & Fox, 2006; Levine, 2005). 
Frightening maternal behavior (commonly seen in cases of abuse) or inadequate 
input (such as in cases of neglect and institutionalization) may result in dysregu-
lation of the HPA axis. Gunnar and Vazquez (2001) have argued that, similar to 
the hyporesponsive period seen among rodent pups, human infants and young 
children experience a hyporeactive period, during which the developing brain 
is protected from high levels of circulating glucocorticoids. When experiencing 
challenge, the presence of a trusted caregiver buffers the infant from an increase 
in the production of cortisol and the downstream effects of high levels of circu-
lating glucocorticoids. However, when the infant does not have a trusted care-
giver or the caregiver is unavailable for some reason, infants show an increase 
in cortisol.

This hyporesponsive period is evident in infants’ cortisol responses in the 
Strange Situation. The Strange Situation procedure (Ainsworth et al., 1978) 
elicits a strong behavioral response in infants through a series of separations 
between infant and mother. Only infants who have difficulty relying on their 
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caregivers, as in the case of infants with disorganized (Bernard & Dozier, 2010; 
Hertsgaard, Gunnar, Erickson, & Nachmias, 1995; Spangler & Grossmann, 
1993) or insecure (Spangler & Grossmann, 1993) attachments, show a cortisol 
response. Children with secure attachments failed to show a cortisol response 
to the Strange Situation despite typically showing strong behavioral reactions 
(Bernard & Dozier, 2010; Hertsgaard et al., 1995).

Maltreatment and adverse early experiences have also been shown to affect 
the diurnal pattern of cortisol. Bruce et al. (2009) found that children in foster 
care exhibit lower morning levels of cortisol than low- income, nonmaltreated 
children. Similarly, children in foster care typically show a flatter diurnal slope 
than low-risk children (Fisher, Gunnar, Dozier, Bruce, & Pears, 2006). Bernard 
et al. (2010) compared children living with neglecting birth parents, children in 
foster care, and low-risk children. Children living with neglecting birth parents 
exhibited the flattest diurnal slopes and the lowest levels of morning cortisol, 
whereas low-risk children exhibited the steepest slopes and highest levels of 
morning cortisol, and foster children showed levels intermediate to these two 
groups (Bernard et al., 2010).

Dysregulation of the HPA system is also seen among children who have 
experienced institutional care, though findings are varied. The most robust 
findings are that children often show blunted cortisol levels while institutional-
ized. Young children in Eastern European orphanages exhibited lower morning 
levels of cortisol and flatter diurnal slopes than nonadopted children living with 
their birth parents and institutionalized children adopted before 8 months of 
age (Carlson & Earls, 1997; Kroupina, Gunnar, & Johnson, 1997). This pat-
tern was seen as children were placed in foster or adoptive homes, though corti-
sol patterns appeared to normalize as children spend more time in an enriched 
environment (Bruce, Kroupina, Parker, & Gunnar, 2000).

Cortisol has received much attention in recent years as an indicator of bio-
logical functioning. This attention has come partly because cortisol is easily 
collected through saliva sampling, assays can be completed by many different 
labs, and differences in levels have been associated with adversity. Nonetheless, 
there are many other rich measures that are emerging as potentially of interest.

Other Biological Indicators of Early Adversity

A number of studies have explored the effects of early adversity on later bio-
logical functioning in adolescents and adults. Differences between children who 
experienced adversity and comparison children have emerged in brain structure, 
brain function, and in epigenetic signatures of maltreatment. Several examples 
of such findings are provided here.

Internationally adopted adolescents who experienced severe social depriva-
tion in early childhood were found to have larger amygdalae than nonadopted 
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adolescents (Mehta et al., 2009; Tottenham et al., 2010), with larger amygda-
lae associated with difficulties in emotion regulation. Differences in amygdala 
volume among children adopted internationally are associated with the sever-
ity of deprivation, with children who spent a longer period of time in institu-
tional care having larger amygdalae than children who spent a shorter period 
of time in institutional care (Mehta et al., 2009; Tottenham et al., 2010). Dif-
ferences related to adversity have also emerged in prefrontal cortex functioning. 
Through functional magnetic resonance imaging (fMRI) during a behavioral 
inhibition task, Mueller et al. (2010) found that children who experienced early 
maltreatment showed greater activation of the inferior frontal cortex, striatum, 
and dorsal anterior cingulate cortex (dACC) than children without histories of 
maltreatment. This difference was observed during tasks that required increased 
executive functioning to correctly respond, suggesting impaired impulse and 
behavioral control. In fact, children who experienced early maltreatment exhib-
ited longer reaction times when inhibiting a prepotent response than children 
without histories of maltreatment (Lewis, Dozier, Ackerman, & Sepulveda- 
Kozakowski, 2007; Mueller et al., 2010).

Through postmortem analyses, McGowan et al. (2009) examined levels 
of epigenetic regulation in the brain within groups of maltreated and nonmal-
treated adult suicide completers, as well as a control group that died of natural 
causes. Adults who experienced childhood abuse exhibited unique regulation 
of the glucocorticoid receptor in the hippocampus, receptors associated with 
the regulation of the HPA axis, than nonmaltreated suicide completers and 
those who died of natural causes. Suicide completers who experienced child-
hood abuse were found to have increased cytosine methylation of the exon 
1FNR3C1 promoter, which is associated with the expression of glucocorticoid 
receptors, than nonmaltreated suicide completers and those who died of natural 
causes. Increased methylation of the exon 1FNR3C1 promoter was associated 
with decreased hippocampal NR3C1 gene expression (McGowan et al., 2009). 
Similarly, Romens et al. (2015) found that adolescents who experienced physi-
cal maltreatment also had more methylation of the exon 1FNR3C1 promoter in 
whole blood. Overall, these findings suggest that early adversity has a lasting 
impact on the hippocampus and HPA axis.

Telomere length has also been associated with early adversity and mater-
nal care. Telomeres are short deoxyribonucleic acid (DNA) regions located at 
the ends of the chromosome that primarily serve to protect genomic DNA dur-
ing replication (Blackburn, 2001). Under normative conditions, telomere length 
will decrease with each replication cycle (McEachern, Krauskopf, & Blackburn, 
2000). However, various cellular stressors, such as oxidative stress, increase the 
rate of telomere attrition (von Zglinicki, 2002). Telomere length in adulthood has 
been associated with early life stress, such as retrospective reports of maltreat-
ment, trauma, familial mental illness, and parental unemployment (Kananen et 
al., 2010; Kiecolt- Glaser et al., 2011; O’Donovan et al., 2011; Tyrka et al., 2010). 
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In childhood, increased exposure to violence is associated with shorter telomere 
length (Shalev et al., 2012). In a study of Romanian adoptees, Drury et al. (2011) 
found that length of time spent in institutional care was inversely associated 
with telomere length. Asok, Bernard, Roth, Rosen, and Dozier (2013) found that 
children living with high-risk birth parents had shorter telomeres than low-risk 
children. In fact, findings from Asok et al. (2013) emphasize the buffering abil-
ity of maternal care. High-risk children who had sensitive, responsive mothers 
had longer telomeres than high-risk children who did not experience responsive 
parenting. These methodologies demonstrate that early adversity results in per-
vasive changes across behavioral and biological systems.

interventions

When infants experience early adversity, they are at risk for problems devel-
oping organized attachments, and for challenges in developing adequate self- 
regulatory capabilities. Several evidence- based interventions have been devel-
oped that explicitly target these issues among infants and young children. Given 
infants’ dependence on caregivers, these early intervention programs always 
focus on the caregiver– infant relationship as the mechanism of change to a 
greater or lesser extent.

Attachment and Biobehavioral Catch-up (ABC) specifically works to 
enhance attachment organization and children’s regulatory capabilities through 
a 10-session in-home intervention for children ages 6 months to 2 years who 
have experienced early adversity (Dozier & The Infant Caregiver Project, 2013). 
Attachment is targeted through helping parents behave in nurturing ways when 
their children are distressed (Ainsworth et al., 1978), and regulatory capabili-
ties are targeted through helping parents follow the lead of their children effec-
tively (Calkins, 1994; Calkins & Keane, 2009; Calkins, Smith, Gill, & John-
son, 1998). The intervention has proven effective through several randomized 
clinical trials. Parents in the ABC intervention group follow infants’ lead more, 
delight more in their children, and are less intrusive than parents in the control 
intervention group (Bick & Dozier, 2013; Meade et al., 2014). Infants randomly 
assigned to the ABC intervention showed lower levels of disorganized attach-
ment and higher levels of secure attachment than infants randomly assigned to 
Developmental Education for Families (DEF) (Bernard et al., 2012). Indeed, of 
the ABC children, only 32% had disorganized attachments, as contrasted with 
57% of the children in the control intervention group.

Infants in the ABC intervention also showed more normative diurnal cor-
tisol production than infants in the DEF intervention (Bernard, Dozier, et al., 
2014; Bernard, Hostinar, & Dozier, 2015). More specifically, ABC children 
showed high wake-up values and a steeper slope from morning to evening 
than children in the treatment control group when assessed shortly after the 
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intervention’s completion (Bernard, Dozier, et al., 2014). These effects were sus-
tained more than 2 years after the intervention when children were assessed at 
the age of 4 (Bernard, Hostinar, et al., 2015). Again, children in the ABC group 
showed higher wake-up values and steeper slope than children in the control 
intervention group. These differences parallel those seen by Fisher, Stoolmiller, 
Gunnar, and Burraston (2007) among older children.

Differences are also seen in affect expression, with children in the ABC 
group showing less anger in a frustrating task than children in the control group 
(Lind, Bernard, Ross, & Dozier, 2014). Finally, children in the ABC group show 
better executive functioning than children in the control group, shifting between 
categorizing by dimensions of shape or color more effectively when required 
(Lewis- Morrarty, Dozier, Bernard, Terraciano, & Moore, 2012).

Child– parent psychotherapy (CPP) is a more time- intensive intervention 
than ABC that targets some of the same intervention goals, including chil-
dren’s attachment organization and, perhaps more indirectly, self- regulation for 
children from birth through age 5 (Lieberman, Ippen, & Van Horn, 2006). 
Although often delivered in the home, CPP can also be delivered in an office or 
clinic setting. CPP focuses more on parents’ experiences of trauma and earlier 
attachment experiences as a mechanism for parental behavioral change than 
does ABC. CPP was more effective than a control in reducing disorganized 
attachments (Cicchetti et al., 2006). Children who received CPP showed more 
positive self- representations and fewer posttraumatic stress disorder symptoms 
than children in a control condition (Lieberman et al., 2006; Toth, Maughan, 
Manly, Spagnola, & Cicchetti, 2002).

A third intervention that targets key attachment and self- regulation issues 
in children 0 to 5 is Circle of Security (Hoffman et al., 2006). Circle of Security 
is typically implemented in groups in an office- based setting. Assessments of 
children’s attachments are conducted at the beginning of treatment, which guide 
the work conducted during the intervention. A premise of the intervention is 
that parents typically have difficulty in either nurturing their distressed child, or 
supporting their child in exploration. Parents are helped to see, through observa-
tions of their behavior with their child and through discussion of past challenges 
in life, which challenge is more salient for them. A pre-/post- intervention test 
of the intervention’s effectiveness has been conducted (Hoffman et al., 2006). 
More of the children showed secure attachments at post- intervention than at 
pre- intervention. To make the intervention more accessible and affordable than 
the full version, the developers designed a DVD version that does not require as 
high a level of training and supervision as the original.

There are other interventions that have been developed for infants who have 
experienced adversity that have effects on infant attachment or self- regulation, 
or associated variables. The interventions described here, though, present exam-
ples of the range of interventions, and generally have the strongest evidence 
base.
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Conclusions

Early adversity has significant deleterious effects on infants’ ability to organize 
attachment, as well as on their ability to regulate biology, emotions, and behav-
ior. Caregivers are essential coregulators for children, and when they cannot 
function effectively in that capacity, there are serious consequences for infants 
and young children. Effects are seen especially in systems that are highly depen-
dent on input from caregivers during early development, such as attachment, 
emotion regulation, and HPA regulation. Plasticity in these systems is apparent 
in effects of adversity, and in effects of remediation.

The next generation of research on early neglect and maltreatment is likely 
to continue to examine the effects of social environments on biological develop-
ment in infancy. Due to advances in biological methodologies, including increas-
ingly accessible sampling techniques, the field of infant research can incorporate 
novel biomarkers of stress into research on early adversity. Such biomarkers 
include gene expression, immune function, and epigenetic change, including 
DNA methylation and microribonucleic acid (RNA) regulation. Whereas these 
markers have been shown to be affected by neglect and maltreatment in stud-
ies involving rodents, nonhuman primates, and human adults (Caspi et al., 
2002; Roth, Lubin, Funk, & Sweatt, 2008; Szyf & Bick, 2013), research among 
human infants is sparse. By including these various forms of measurement in 
future projects, the importance of issues such as early adversity, enhanced par-
enting, and timing will provide important insights on infants’ and young chil-
dren’s developing biological and brain systems.

Whereas various preventative interventions have been shown to be effec-
tive in changing parent behaviors and child outcomes, many questions remain. 
One such question involves the duration of positive outcomes from such treat-
ments. Longitudinal research is under way to examine the effects of ABC on key 
developmental tasks in middle childhood, including peer relations, executive 
functioning, and emotion regulation. Additional questions surround processes 
and mechanisms of change during early attachment interventions. Meade et al. 
(2014) found that when interventionists provided more active feedback regard-
ing key parental behaviors, parents showed more change than when interven-
tionists provided less frequent feedback (Meade et al., 2014). Such findings will 
help the field optimize the delivery of early interventions.
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Good sleep plays a vitally important role in promoting physical and mental 
health and is essential for optimal child development (Lemola & Richter, 

2013; El- Sheikh & Buckhalt, 2015). Persistent sleep problems in childhood are 
linked with child dysfunction across a broad spectrum, including concurrent 
daytime externalizing and internalizing behavioral problems (Sheridan et al., 
2013), daytime sleepiness attentional and memory problems (Li et al., 2014; 
Huber & Born, 2014), and poor academic performance (Buckhalt & Staton, 
2011). In addition, sleep disturbances in the preschool years predict heightened 
risk for alcohol and substance abuse in adolescence (Wong, Brower, Fitzger-
ald, & Zucker, 2004), and proneness to anxiety and depression in adulthood 
(Gregory, Caspi, Eley, Moffitt, & O’Connor, 2005).

Quality of sleep in childhood can also directly impact the larger family 
system. Although sleep regulation develops rapidly across the first year and pro-
ceeds well for many infants, for some infants it does not (Lee & Rosen, 2012). 
When it does not, it can have a profound and negative impact on parental well-
being and the health of the family system. Sleep disturbances among infants 
are a chief complaint of parents during pediatric office visits (Boyle & Cropley, 
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2004), primarily because dysregulated infant sleep almost invariably leads to 
dysregulated sleep in at least one and frequently both parents. That in turn can 
place families in turmoil (Byars, Yeomans- Maldonado, & Noll, 2011; Mindell, 
1999). Prevalence estimates of sleep problems range from less than 10 to 52% 
among children in the infancy and preschool years (Sadeh, Mindell, & Rivera, 
2011), depending on who is doing the reporting and how sleep problems are 
defined.

There is evidence that sleep patterns observed in later childhood are rooted 
in sleep patterns first established in infancy (Scher, Epstein, & Tirosh, 2004), 
and that sleep in infancy and at later points in development is multiply deter-
mined by maturational, constitutional, and environmental forces (El- Sheikh & 
Sadeh, 2015). We provide in this chapter a detailed analysis of an important 
environmental influence— parenting— on sleep development in infancy. We do 
so, however, with explicit acknowledgment that infant sleep is complexly deter-
mined, with psychosocial influences in continual transaction with biological 
factors to shape infant sleep.

Development of Sleep in infancy

Sleep development in the first year follows a predictable course. Whether mea-
sured objectively (e.g., actigraphy, polysomnogaphy, videosomnography) or 
via parent report, infant sleep shows dramatic consolidation across the first 4 
months, as defined by (1) sharp decreases in frequency and duration of night 
awakenings; (2) increases in overall amounts of nighttime sleep and in the dura-
tion of individual sleep bouts; and (3) the development of the ability to “sleep 
through the night,” a phrase commonly used by parents to denote the ability to 
(apparently) sleep continuously from the point of sleep onset at bedtime to the 
point of morning wake-up, without parental intervention (Henderson, France, 
& Blampied, 2011). This nocturnal period typically coincides with the period 
of nocturnal sleep of the parents. As the work of Anders (Anders, Halpern, & 
Hua, 1992) and others (e.g., Henderson, France, Owens, & Blampied, 2010) 
have shown, however, infants who sleep through the night have in reality devel-
oped self- regulated sleep, or the capacity to put themselves back to sleep after 
one or more nocturnal awakenings without signaling (i.e., crying or calling out) 
to the parents. By 6 months of age, this capacity is regularly observed in many 
infants, although sleep continues to develop and consolidate throughout infancy 
(and beyond) as evidenced by decreases across age in overall amounts of sleep 
(15–17 hours in the first month of life to about 14 hours by 12 months; Wolf-
son, 1996), by gradual decreases in the frequency and duration of daytime naps 
(Crosby, LeBourgeois, & Harsh, 2005), and by proportional increases in quiet 
sleep (akin to nonrapid eye movement [NREM] sleep) and decreases in active 



 16. The Social Ecology of Infant Sleep 361

sleep (akin to rapid eye movement [REM] sleep) across the first year (So, Adam-
son, & Horne, 2007).

Central and autonomic nervous system maturation accounts for much of the 
consolidation of sleep across the first year (El- Sheikh, Erath, & Bagley, 2012; 
Huber & Born, 2014; Sheldon, 2014). At the same time, despite the strong influ-
ence of brain maturation on sleep development, sleep development does not 
always progress smoothly. Many infants, for example, are not sleeping through 
the night by 6 months of age, and it is estimated that between 25 and 33% of 
infants show sleep problems throughout the first year, ranging from frequent, 
signaled night awakenings to difficulties setting to sleep at bedtime or through-
out the night (Mindell, Kuhn, Lewin, Meltzer, & Sadeh, 2006). Some of this 
variation can be traced directly to differences in brain development, as evidenced 
by elevated sleep problems among children with neurological disorders (Cotton 
& Richdale, 2006; Williams, Sears, & Allard, 2004). Infant sleep quality, how-
ever, has also been reliably linked with aspects of the physical environment, 
such as ambient noise and light levels (Franco et al., 1998; Harrison, 2004), 
and more complexly with features of the infant’s social environment (Sadeh, 
Tikotsky, & Scher, 2010; Teti, Kim, Mayer, & Countermine, 2010). Indeed, 
like many developmental domains in early life, infant sleep can be placed at 
the center of broader social– ecological forces and can be influenced, directly 
and indirectly, by factors that are both “distal” (e.g., culture, socioeconomic 
status) and “proximal” (e.g., specific parenting practices, parenting quality) to 
the infant (Teti, Shimizu, Crosby, Kim, & Whitesell, 2014). In addition, infant 
sleep patterns may also strongly influence qualitative and structural aspects of 
family processes, as evidenced by the impact infant sleep difficulties can have 
on coparenting quality (McDaniel & Teti, 2012) and on parents’ choices about 
how to structure infant sleep arrangements (Countermine & Teti, 2010; Ramos, 
Youngclarke, & Anderson, 2007). Sadeh and Anders (1993) proposed a trans-
actional model of child sleep that emphasizes dynamic linkages among distal 
sociocultural factors, proximal parental factors, and child sleep outcomes, not-
ing that infant sleep can be the outcome as well as a cause of family interactional 
patterns.

In the sections to follow, we explore the impact of what is emerging as a 
critically important proximal influence on infant sleep: parenting during infant 
bedtime and throughout the night. This chapter focuses on parenting practices, 
or what parents do, and parenting quality, or how competently parents do what 
they do. We discuss the relative impact of bedtime/nighttime practices on night-
time infant sleep quality as well as interlinkages between parenting quality and 
practices. We then broaden the focus to discuss bedtime/nighttime parenting in 
the context of the larger family system, with a discussion of how individual and 
marital distress may shape how parents structure infant sleep, what parents do 
with their infants at night, and how well they do it.
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Bedtime and Nighttime Parenting: Practices, Quality, 
and Infant Sleep

Parental Involvement and Infant Self‑Soothing

One of the major methodological limitations of extant research on parenting 
at bedtime and nighttime is an overreliance on parent report. This is likely due 
to the difficulties encountered in conducting bedtime and nighttime observa-
tions in the home. However, a relatively small but consistent body of literature, 
using direct observation, has examined associations between parenting prac-
tices and infant sleep in infancy, and we review those findings here. In their 
study of 21 infants across the first 8 months of life, Anders et al. (1992) used 
time-lapse video observations and found that infants who were put into their 
cribs at bedtime while still awake were more likely to put themselves back to 
sleep without parental intervention, following a night awakening, compared 
with infants who were asleep when put into their cribs at bedtime. Further, the 
3-month-old infants who were asleep when put into their cribs at bedtime were 
likely to be removed from their cribs by their parents if they awakened during 
the night, compared with infants who were put into their cribs while still awake. 
By 8 months of age, 7 of the 21 infants (all male) were identified by parents as 
having sleep difficulties, and at bedtime all 7 of these infants were always put 
into their cribs after they had fallen asleep. These findings suggested that the 
act of placing an infant down to sleep while still awake promoted an ability 
in the infants to soothe themselves to sleep without parental intervention, not 
just when first going to sleep at night but throughout the night. The infants in 
Anders et al.’s study were all solitary sleepers, and it was unclear if this abil-
ity could be promoted equally well when infants and parents bed shared. Also 
unclear was whether the appearance of this ability early in life was developmen-
tally significant, perhaps serving as a precursor of later (improved) capacities for 
behavioral and emotion regulation. This is an important question that to date 
has not been empirically examined.

In a later longitudinal study of 80 solitary- sleeping infants across the first 
year, Burnham, Goodlin- Jones, Gaylor, and Anders (2002) found that infants’ 
capacity for self- soothing to sleep by 12 months was improved when parents’ 
latency to respond to infant night awakenings at 3 months of age was longer, 
and when the time infants spent out of their crib decreased across the first 
year. These findings, along with those of Anders et al. (1992), suggested that 
self- regulated sleep in infants was best promoted by parenting that provided 
infants multiple opportunities to soothe themselves to sleep on their own, by 
putting them down to sleep at bedtime while still awake, by refraining from 
responding immediately to infant night awakenings, particularly early in life, 
and by structuring infant sleep so that infants spend the bulk of their time in 
their own cribs. These findings were supported by a later, large Internet- based 
study of over 5,000 U.S. and Canadian families with children 0–3 years of age, 
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which reported that better consolidated and longer periods of nighttime infant 
sleep were associated with bedtime/nighttime parenting that encouraged infant 
self- soothing and independent sleep, compared with parenting characterized by 
frequent bouts of nighttime intervention and parent– child interaction (Sadeh, 
Mindell, Luedtke, & Wiegand, 2009).

We emphasize, however, that conclusions about whether or not parents 
should be structuring independent infant sleep, promoting infants’ ability to 
soothe themselves to sleep, and so on are not without controversy. The efficacy 
of such practices may depend on context, cultural prescriptions, and parental 
beliefs and goals (Burnham, 2013; Giannotti & Cortesi, 2009; McKenna, Ball, 
& Gettler, 2007; Teti, Crosby, McDaniel, Shimizu, & Whitesell, 2015; Worth-
man, 2011). It may also depend on how infant sleep quality is actually assessed 
(i.e., whether it is measured using parental report or by some other means; Teti 
et al., 2014). We return to this point later in this chapter. At the least, however, 
these results called attention to the importance of examining patterns of paren-
tal behavior that take place between the infant at bedtime and throughout the 
night, patterns that may begin early in the first year, persist across time, and in 
turn may organize different patterns of sleep regulation in infants that are stable 
over time.

Bedtime Routines

A separate line of research has underscored the efficacy of bedtime structure and 
routines in promoting sleep quality and consolidation in infancy and early child-
hood. Hale, Berger, LeBourgeois, and Brooks-Gunn (2011) demonstrated that 
parents’ use of “language- based” routines, such as storytelling, book reading, 
or singing, was predictive of longer sleep durations among 3-year-old children, 
and (interestingly) was associated with improved cognitive and socioemotional 
outcomes. The efficacy of bedtime routines is not limited, however, to routines 
that are exclusively language based. Using two separate samples (an infant, 7- to 
18-month-old sample, n = 206; and a toddler– preschool 18- to 36-month-old 
sample, n = 199) and following a 1-week baseline data- gathering period (Week 
1), Mindell, Telofski, Wiegand, and Kurtz (2009) assigned two- thirds of each 
sample to a 30-minute bedtime routine that was implemented nightly for the 
next 2 weeks (Week 2 and Week 3). For the infants, this routine consisted of (in 
order) a bath, a massage, then quiet activities (cuddling, singing a lullaby), fol-
lowed by lights out. For the toddler– preschool group, the routine consisted of 
a bath, applying a body lotion, and then quiet activities, followed by lights out. 
Control children continued to receive their normal bedtime procedures.

Findings from this study were rather dramatic. From parent- reported daily 
diary data, children in both age groups assigned to the bedtime routine condi-
tion had significant decreases in latency to fall asleep and in frequency and 
duration of night awakenings, and increases in the longest sleep bout of the 
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night, between baseline and either Week 2 or Week 3. Parents in the routine 
condition also rated their children as sleeping better, and in a better mood 
in the morning, than parents in the control condition. In addition, improve-
ments in the mood states of mothers in the bedtime routine conditions (e.g., 
reduced tension, depression, anger, and fatigue) coincided with the improve-
ments reported in their children’s sleep. No changes, by contrast, were observed 
across the 3-week period in the sleep behavior of the control children, or in the 
mood states of their mothers. Collectively, these findings are consistent with 
other literature showcasing the benefits of predictable, daily routines on young 
children’s capacity to engage with, understand, and predict their environment 
(Spagnola & Fiese, 2007). Daily nurturing routines practiced in sleep contexts 
likely foster children’s perceptions that their sleep environment is predictable, 
controllable, and free of potential threats. It is perhaps not surprising that sleep 
quality, which requires one to relinquish consciousness and vigilance to achieve 
a state of deep sleep, is likely to be promoted under such conditions (Dahl & 
El- Sheikh, 2007; Teti et al., 2010), even in infancy, and that improvements in 
infant sleep quality are associated with improvements in maternal well-being.

Bedtime Parenting Quality, Parenting Practices, 
and Their Interaction

Surprisingly few studies have examined linkages between quality of parenting 
(i.e., warmth, sensitivity, emotional availability [EA]) and infant sleep, and only 
one published study, to our knowledge, has examined parenting quality at bed-
time and infant sleep quality. That particular study, one of several emerging 
from the SIESTA research program (Teti, Principal Investigator), involved 45 
infants and mothers, video recorded mothers’ EA from video recordings of par-
enting during infant bedtimes, using a cross- sectional sample of infants at 1, 3, 
6, 12, and 24 months of age (Teti et al., 2010). Small “bullet” video cameras (up 
to four per household) and accompanying microphones were channeled through 
a central digital video recorder, with one camera suspended above the infant’s 
sleeping surface, another trained on the door of the room where the infant slept 
to ascertain who entered and exited the room, a third trained on any area of the 
infant’s room that the parent had designated as a place he or she took the infant 
if the infant awakened during the night, and a fourth camera (if needed) set up 
in a separate room (e.g., the parent’s room) the parent indicated was a room he 
or she used during nighttime infant awakenings. Parents were asked to start the 
recording approximately 1 hour before they began bedtime with their infant, 
and to end it when the infant woke up in the morning.

Teti et al.’s (2010) study drew from attachment theory (Ainsworth, Blehar, 
Waters, & Wall, 1978) and EA theory (Biringen, Derscheid, Vliegen, Closson, 
& Easterbrooks, 2014), proposing that sensitive, emotionally attuned parent-
ing when putting infants to bed should promote in infants feelings of safety, 



 16. The Social Ecology of Infant Sleep 365

security, and trust in their sleep environments, and in turn the ability to settle 
into and enjoy better- quality sleep than insensitive, emotionally unavailable 
parenting. It was thus predicted that emotionally available mothering during 
infant bedtimes would predict better- quality infant sleep throughout the night 
and greater infant capacities for soothing oneself to sleep, compared with emo-
tionally unavailable mothering. Mothers’ EA, which was a composite measure 
that combined ratings of maternal sensitivity, structuring, hostility (reverse 
scored), and intrusiveness (reverse scored) during infant bedtimes, was scored 
by two observers who were blind to all other data obtained on the mothers 
and infants. Infant sleep quality was assessed each day for 7 consecutive days 
using an infant sleep diary that asked mothers to report each morning on the 
frequency and duration of their infants’ night awakenings the night before, and 
on the frequency with which parents had to return to tend to their infants before 
their infants fell asleep. Mothers were also asked to respond to the question “Do 
you think that your infant has sleeping difficulties?” using a 4-point scale (0 = 
no; 1 = yes, mild; 2 = yes, moderate; 3 = yes, severe).

As predicted, maternal EA at bedtime was inversely associated with the fre-
quency of infant night awakenings and mothers’ ratings of whether their infants 
had a sleep difficulty. These findings were consistent with predictions that emo-
tionally available parenting at bedtime would predict improved sleep quality in 
infants (i.e., fewer awakenings) during the night, which appeared to spill over 
into maternal perceptions of their infants as good versus poor sleepers. Also 
consistent with predictions was the finding of the inverse association between 
emotionally available mothering and the frequency with which mothers had to 
return to their infants at bedtime, which we took as an index of the ease with 
which infants could go to sleep at bedtime on their own, without parental inter-
vention.

To our knowledge, Teti et al. (2010) is the first study to assess linkages 
among parenting quality at bedtime, from direct observations, and infant sleep 
quality. Interestingly, other work that has assessed linkages between parenting 
quality in daytime contexts and infant sleep has not reported significant results. 
In a study of sleep patterns of 12-month-olds, Scher (2001) assessed mothers’ 
EA during a daytime observation of mother– infant free play and found no asso-
ciation between EA and infant sleep regulation. In addition, Bordeleau, Bernier, 
and Carrier (2012) found no direct associations between a naturalistic, home 
assessment of maternal sensitivity, using the Maternal Behavior Q-Set (Pederson 
& Moran, 1995) and infant nighttime sleep duration assessed from a parent- 
reported infant sleep diary. The reasons for these discrepancies are unclear. 
Perhaps quality of daytime parenting in nonsleep contexts is not strongly linked 
to quality of parenting at infant bedtimes. Alternatively, infant bedtimes are 
clearly more temporally proximal to infant sleep behavior during the night, and 
thus bedtime parenting might be expected to have a stronger impact on infants’ 
nighttime sleep behavior than parenting that occurs earlier in the day.
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In a longitudinal study that has emerged from the SIESTA research pro-
gram, bedtime parenting practices and parenting quality, again from direct 
observations obtained at infant bedtimes and throughout the night, were jointly 
examined as predictors of infant sleep quality across the infant ages of 1, 3, 
and 6 months (Philbrook et al., 2015). In this study of 95 infants and their par-
ents, parenting practices and parenting quality (maternal EA) at infant bedtimes 
were scored to high levels of interrater reliability by separate teams of coders, 
and a third team of coders scored infant sleep from video recordings of infant 
sleep behavior throughout the ensuing night. All three teams of coders (bed-
time parenting practices, bedtime parenting quality, and infant nighttime sleep 
behavior) were fully blind to the data being produced by the other coding teams. 
Bedtime practices that were scored included parental presence with the infant, 
parent– infant close physical contact, quiet activities (e.g., soft singing, book 
reading), arousing activities (highly verbal/physical stimulation of the infant), 
nursing, and parents’ exclusive focus on the infant.

Noteworthy in this study was the finding that mothers’ EA was highly 
stable across the first 6 months of life, and EA was significantly and positively 
associated with several parenting practices, including quiet activities (1 and 3 
months) and exclusive focus on the infant (3 and 6 months; ps < .05). Mater-
nal EA was inversely associated with the amount of arousing activities at 3 
months and the amount of close parent– infant contact at 6 months (ps < .05). 
Thus, emotionally available mothers at bedtime were more likely to make use 
of quiet activities, to give their infants quality time and attention, and to refrain 
from overly stimulating their infants. Multilevel modeling analyses further dem-
onstrated that infants of emotionally available mothers across the three time 
points spent less of the night distressed on average (p < .001) and spent more of 
the night asleep (p < .01). Additionally, infants of mothers who used less close 
contact at bedtime spent more time asleep (p < .05). There were also two inter-
actions between maternal EA and parenting practices. Infants of mothers who 
were more emotionally available and used less close contact spent more of the 
nighttime asleep (p < .05), whereas infants of mothers who used more close con-
tact spent less time asleep regardless of EA. Infants of mothers who were more 
emotionally available and less arousing at bedtime also spent more time asleep 
at night (p < .01), whereas infants of mothers who engaged in more arousing 
activities showed similar, lower nighttime sleep percentages regardless of EA.

To our knowledge, this study extends previous work and is the first to 
examine the joint contributions of parenting practices and parenting quality 
(scored from the same data stream) at bedtimes to infant sleep quality through-
out the night. Replicating Teti et al. (2010), Philbrook et al. (2015) found that 
higher bedtime parenting quality was generally associated with better infant 
sleep quality, but especially so when mothers engaged in less close contact and 
arousing activities with their infants at bedtime.
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Structuring infant Sleep:  
Sleep arrangements and infant–Parent “Risk”

No particular set of parenting practices with infants at night has been more 
controversial than parents’ choices about how best to structure infant sleep. The 
controversy in particular relates to whether infants should sleep alone in a sepa-
rate room from parents (solitary sleep), or with the parents, either in the same 
room but on a separate sleeping surface (room sharing) or in the same bed with 
the parents (bed sharing). Separate literatures indicate, on the one hand, the 
benefits of cosleeping, in particular bed sharing, for infants’ survival and physi-
cal health, but on the other, the apparent risks of cosleeping to the marital and 
parenting subsystems. In a series of laboratory experiments using polysomnog-
raphy to assess infant and maternal nighttime sleep, McKenna and colleagues 
(McKenna et al., 2007; McKenna & McDade, 2005; Mosko, Richard, & McK-
enna, 1997) demonstrated that cosleeping facilitated breast- feeding, which has 
important health benefits to infants (Ball, 2003; Godfrey & Meyers, 2009). 
Cosleeping also appeared to protect against sudden infant death syndrome 
(SIDS) by increasing the amount of time infants spend in lighter stages of sleep, 
reducing the amount of time spent in deeper sleep states (from which it is more 
difficult to arouse from a respiratory anomaly), and increasing the frequency 
of synchronized mother– infant arousals, which promoted mothers’ ability to 
monitor the infant during the night. Drawing from biological anthropology, 
McKenna et al. (2007) proposed that bed sharing is a sleep arrangement that 
infants and mothers are biologically prepared to use and that, compared with 
other sleep arrangements, is most conducive to infant survival. Importantly, 
these conclusions, and their recommendations to engage in safe bed sharing, are 
in direct opposition to recommendations from the American Academy of Pedi-
atrics (2005) not to cosleep because of concerns about increased risk of SIDS 
and other dangers (e.g., suffocation) to infants who share a bed with a parent.

At the same time, studies of parenting and child sleep have also linked 
cosleeping with family and developmental risk. Children who cosleep, for 
example, have been found to be at higher risk for sleep disturbances, compared 
with children who sleep in separate rooms (DeLeon & Karraker, 2007; Lozoff, 
Askew, & Wolf, 1996; Madansky & Edelbrock, 1990; Ong, Yang, Wong, alSid-
diq, & Khu, 2010; Ramos et al., 2007; Sourander, 2000). This appears to be 
true even in cultures (e.g., China) that are supportive of cosleeping (Liu, Liu, 
& Wang, 2003; Tan, Marfo, & Dedrick, 2009; Wang et al., 2013) and has 
raised concerns about the wisdom of cosleeping because of other work showing 
that nighttime sleep disruption in childhood is associated with socioemotional, 
behavioral, and attentional problems (Cortesi, Fiannotti, Sebastiani, Vagnoni, 
& Marioni, 2008; Liu et al., 2003; Simard, Nielsen, Tremblay, Boivin, & 
Montplaisir, 2008; Sourander, 2000; Wang et al., 2013). Further, parents who 
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cosleep with infants beyond the first few months of life appear to be at risk 
for marital discord and personal distress (Cortesi et al., 2008; Countermine & 
Teti, 2010), which themselves are known risk factors for socioemotional and 
behavioral problems in young children (Gelfand & Teti, 1990; Teti, Gelfand, 
Messinger, & Isabella, 1995).

Thus, whereas early cosleeping, and in particular bed sharing, carries clear 
health benefits to the infant if safely practiced, persistent cosleeping has been 
associated with family dysfunction and infant sleep disruption, both of which 
are predictive of cognitive and social developmental problems in early child-
hood. Importantly, it is unclear from this work whether persistent cosleeping 
plays a causal role in any of this, or whether it is symptomatic of preexisting 
family problems. There is some evidence for the latter perspective. For example, 
Teti et al. (2015) found that coparenting distress when infants were 1 month 
of age was associated with cosleeping that persisted across the infants’ first 6 
months of life, whereas positive coparenting at 1 month predicted a move out of 
cosleeping arrangements and into solitary sleeping arrangements by 6 months. 
Further, Teti and Crosby (2012) reported that elevated depressive symptoms and 
worries about infant night waking in mothers appeared to lead mothers to seek 
out and spend more time with their infants at night, independent of any sign 
of infant distress, and that this in turn was associated with mothers’ reports of 
increased infant night waking. These two studies are of particular relevance to 
the well- established but heretofore unexplained findings of linkages between 
maternal depressive symptoms and infant night awakenings (Bayer, Hiscock, 
Hampton, & Wake, 2007; Messer & Richards, 1993; Warren, Howe, Simmens, 
& Dahl, 2006). Based on their video observations, Teti and Crosby (2012) pro-
posed that the maternal depressive symptom– infant night- waking link may be 
both infant driven (i.e., frequent nighttime infant sleep problems lead to chronic 
sleep loss in mothers, leading to maternal dysphoria) and mother driven (i.e., 
elevated depressive symptoms and anxieties about infant nighttime sleep behav-
ior lead mothers to spend more time with infants at night and, intentionally or 
not, perturb their infants’ sleep).

Sleep arrangements, Parenting, and Family Functioning: 
Contributions from Project SieSta

Overview of Project SIESTA

In an attempt to shed some light on the sleep arrangement controversy, Teti 
and his Project SIESTA colleagues have been examining linkages among sleep 
arrangement use across the infants’ first year, infant– parent sleep, parenting, 
and parental functioning. Families during infants’ first year were visited at 
home when infants were 1, 3, 6, 9, 12, 18, and 24 months of age, and at each age 
point, parent and infant sleep quality was measured across 7 consecutive nights. 
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We note at the outset that this study was done using a U.S., central Pennsylva-
nia sample, a sample that is part of a culture that supports the use of solitary 
infant sleep over parent– infant cosleeping (Anuntaseree et al., 2008; Mindell, 
Sadeh, Kohyama, & How, 2010). Thus, these findings are not generalizable 
to cultures that are more supportive of infant– parent cosleeping. This caveat 
notwithstanding, this study builds on earlier work in several ways. To begin, 
it made use of patterns of sleep arrangement use across the infants’ first year, 
rather than sleep arrangements being used at a single point in time. Second, 
this study used both objective (actigraphy) and a maternal- report measure of 
infant nighttime sleep (a daily infant sleep diary), each of which were averaged 
across 7 consecutive days, each of which provides different information about 
infant sleep quality. Infant sleep diary information is limited to infant nighttime 
awakenings that the parent actually notices and thus more likely to be associ-
ated with infant vocalizations and signaling to the parent, whereas actigraphy 
takes into account all nighttime awakenings (i.e., nighttime activity that occurs 
above a set threshold that is used to demarcate wake time), whether or not they 
are associated with infant vocalizations. Third, unlike virtually all prior work 
to date examining correlates of infant sleep arrangements, this study examined 
linkages among sleep arrangements, parental functioning, and parental sleep 
quality in both mothers and fathers. Finally, Teti et al. (2014) assessed relations 
between sleep arrangements and both parenting quality and parenting practices 
during infant bedtimes, using video- recorded observations of parenting across 
the first year, and household chaos, from direct, in-home observations. The 
inclusion of household chaos, conceptualized in terms of the physical organiza-
tion of the home, management of intrusions, and adherence to schedules and 
routines (Matheny, Wachs, Ludwig, & Phillips, 1995; Weisner, 2010), stemmed 
from an interest in determining whether sleep arrangements were associated 
with overall family functioning, using an index that was independent of paren-
tal report.

The data to be reported here pertain to those collected during the infants’ 
first year of life. One hundred sixty-seven families were recruited into this study 
at 1 month; by 12 months, 149 families remained in the study. Dropouts did not 
differ from completers in marital adjustment, positive and negative coparenting, 
household chaos, parental adjustment to infant nighttime sleep, bedtime parent-
ing quality, and in the sleep arrangements being used at 1 month of infant age. 
Dropouts were, however, less likely than completers to be White and to breast- 
feed their infants at 1 month of age. There were 80 female and 69 male infants 
in the 149 families that completed the study through 12 months. Ninety-five 
percent of parents were married or living with a partner. Thirty-seven percent 
of mothers were primiparous, and 86% of mothers and 85% of fathers were 
White, with the remaining evenly split among African American, Asian Ameri-
can, Latino, or “Other.” Eighty percent of mothers were breast- feeding their 
infants, either full- or part-time, at 1 month of age. That dropped to 33% by 
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12 months. Sixty-two percent and 65% of mothers were employed full- or part-
time at 1 and 12 months, respectively. The sample was fairly well educated. 
Ninety-nine percent of mothers had completed high school, and 60% of moth-
ers had a bachelor’s degree or higher. Eighty-six percent of fathers had com-
pleted high school, with 61% completing a bachelor’s degree or higher. Ninety-
five percent of fathers and 62% of mothers were employed full- or part-time at 
1 month; 98% of fathers and 65% of mothers were employed full- or part-time 
at 12 months. Median yearly family income was $60,000.

Assessment Measures

Home visits were conducted when infants were 1, 3, 6, 9, and 12 months of 
age. At each age point, family assessments were done across 7 consecutive days, 
with some assessments occurring once and others across multiple days at each 
age point. Once at each occasion, mothers and fathers completed questionnaire 
measures pertaining to their infants’ sleep arrangements, marital adjustment, 
and coparenting quality. An observational assessment of the quality of parental 
behavior during infant bedtimes was also made from a video recording during 
1 night at each age point. Assessments made across multiple days at each age 
point included (1) household chaos, which was obtained from observations of 
household organization during three separate visits to the home; and (2) infant 
and parent sleep quality, which was assessed daily across 7 consecutive days in 
the assessment week using actigraphy for mothers, fathers, and infants, and a 
mother- reported sleep diary for infants.

Determining Sleep Arrangement Use in the First Year

Sleep arrangements in SIESTA were assessed using the Sleep Practices Ques-
tionnaire (SPQ; Goldberg & Keller, 2007), a measure broadly designed to tap 
into parental perceptions about their infants’ sleep behavior. At each infant age 
point, mothers responded to the SPQ item: “Where does your baby usually 
sleep at night?” and at each age point, four sleep arrangement categories were 
scored: solitary sleep (infant slept in a separate room), room sharing (infant slept 
in the same room as parents, but on a separate sleeping surface), bed sharing 
(infant slept in the same bed as the parents), and combination (infant’s sleep 
arrangement varied across the night among solitary sleep, room sharing, and/or 
bed sharing). Complete sleep arrangement data were available on 139 families 
through 12 months. These data were aggregated across all five age points to cre-
ate five sleeping arrangement categories across the first year: consistent solitary 
sleep (infant slept in a separate room all night from 1 through 12 months, n = 
34), early switch to solitary sleep (infant switched to solitary sleep arrangement 
by 3 or 6 months, n = 52), late switch to solitary sleep (infant switched to soli-
tary sleep arrangement by 9 or 12 months, n = 13), consistent cosleeping (room 
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sharing or bed sharing from 1 through 12 months, n = 21), and inconsistent (no 
discernible infant sleep arrangement pattern across the first year, n = 19). The 
frequency of sleep arrangements used at 1, 3, 6, 9, and 12 months in the five 
aggregate groups is presented in Table 16.1. Note that in the consistent cosleep-
ing group, only three families engaged in consistent bed sharing through 12 
months, and only five had engaged in consistent bed sharing through 6 months. 
In addition, in the consistent cosleeping group, only one family engaged in con-
sistent room sharing through 12 months. Thus, the majority of these families 
switched back and forth between room sharing and bed sharing throughout the 
infants’ first year.

taBLe 16.1. Distribution of Sleep arrangements in the Five 
aggregate Sleep arrangement groups in SieSta

Infant age (months)

1 3 6 9 12

Consistent solitary sleep
 Solitary sleep 34 34 34 34 34
 Room sharing  0  0  0  0  0
 Bed sharing  0  0  0  0  0
 Combinationa  0  0  0  0  0

Early switchers
 Solitary sleep  0 28 52 52 52
 Room sharing 39 16  0  0  0
 Bed sharing  4  2  0  0  0
 Combinationa  9  6  0  0  0

Late switchers
 Solitary sleep  0  0  0  7 13
 Room sharing  9  9  9  4  0
 Bed sharing  1  2  1  0  0
 Combinationa  3  2  3  2  0

Consistent cosleeping
 Solitary sleep  0  0  0  0  0
 Room sharing  7  8  4  6  6
 Bed sharingb 10  6 11  9  8
 Combinationa  4  7  6  6  7

Inconsistent
 Solitary sleep  3 14  9  9  7
 Room sharing 12  3  3  4  4
 Bed sharing  1  0  0  1  1
 Combinationa  3  2  7  5  7

aInfants’ sleep is divided among bed sharing, room sharing, and solitary sleep.
bThe majority of families in the consistently cosleeping group switched back 
and forth between room sharing and bed sharing throughout the infants’ first 
year. Only three families engaged in consistent bed sharing throughout the 
full year, and only five families engaged in consistent bed sharing between 1 
and 6 months of age.
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Quality of Coparenting

An additional questionnaire measure used at all age points in SIESTA was 
the Coparenting Relationship Scale (CRS; Feinberg, Brown, & Kan, 2012), 
which assessed a parent’s perception of how well he or she and his or her part-
ner worked together as a child- rearing team. The CRS measured interparen-
tal agreement, closeness, exposure of child to conflict, coparenting support, 
undermining, endorsement of partner’s parenting, and division of labor. Positive 
coparenting dimensions (agreement, closeness, support, endorsement, and divi-
sion of labor) were summed to create a positive coparenting composite at all age 
points. In addition, the two dimensions of negative coparenting (competition– 
undermining and exposure to conflict) were summed to create a negative copa-
renting composite at each age point. Internal reliability of the positive and nega-
tive coparenting composites was very high.

Household Chaos

Also measured in SIESTA at each age point was household chaos, from direct 
observations of the home environment during each weeklong home visit and 
from phone interviews with each parent. Our approach was consistent with 
conceptualizations and measurement systems used in prior work, which typi-
cally has depicted chaos in terms of physical organization of the home, manage-
ment of intrusions, and adherence to schedules and routines (Matheny et al., 
1995; Weisner, 2010). The measure included 11 items that assessed physical 
disorganization in the home (e.g., cleanliness, clutter, physical condition of the 
home) and noncompliance with study protocol (e.g., rescheduling or arriving 
late to appointments, promptness in completion of study measures). Each item 
was scored on a 1- to 3-point scale where 1 reflected no or very little chaos and 
3 reflected high chaos. This measure was internally reliable and highly stable 
across time. This was consistent with earlier work finding strong longitudi-
nal stability in assessments of chaos in the home (Deater- Deckard et al., 2009; 
Matheny et al., 1995).

Parents’ EA and Parenting Practices at Bedtime

Parents’ EA (Biringen et al., 2014) with infants during bedtimes was scored 
from the digital video recordings of bedtime, using a camera setup similar to 
that used in Teti et al. (2010). From the videos, it was clear that mothers were 
much more likely to be putting infants to bed than fathers and that mothers 
interacted more with their infants than did fathers. Bedtime EA on mothers and 
infants was obtained much more frequently from mothers (Ns > 100 at each 
age point) than from fathers (Ns < 45 at each age point). These numbers, when 
further subdivided by sleep arrangement groupings, yielded cell sizes that were 
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too small for meaningful analyses of fathers’ EA, and thus analyses of linkages 
between EA and sleep arrangements were conducted only for maternal EA. All 
EA coding was done by a rater who was trained and certified on the EA system. 
At each age point, the four maternal EA scales (sensitivity, structuring, nonin-
trusiveness, and nonhostility) for mothers were standardized and summed to 
create a composite measure of maternal EA that was highly reliable in terms of 
internal reliability and interrater reliability.

From the same video streams, separate coders, blind to all EA data, recorded 
parenting practices during infant bedtimes, using an interval (30-seconds) sam-
pling technique that involved indicating the presence or absence of particular 
parenting practices observed during bedtime and throughout the night. These 
practices included infant sleep location (infant’s room, parent’s room, other), 
parental presence (with the infant), close parent– infant contact, nursing, quiet 
activities with the infant, arousing/stimulating activities, interparental conflict, 
and infant state of arousal (awake and nondistressed, awake and distressed, and 
asleep). Also scored were the number of parental interventions to infant distress 
and infant nondistress (either when awake or asleep) throughout the night.

Actigraphy (to Assess Parent and Infant Sleep Quality)

For 7 consecutive days at each age point, infants, mothers, and fathers wore a 
Respironics/Mini Mitter actiwatch (model AW-64) to assess sleep–wake activ-
ity across each night. Infants wore the actiwatch on their upper ankle (affixed 
with a soft elastic band), and mothers and fathers wore it on their wrists. For 
each infant and parent on each of the 7 nights, actigraphs provided data on 
fragmented sleep and the number of minutes awake after sleep onset (WASO). 
The mean of each of these measures was obtained for the full week of data col-
lection. In addition, a daily sleep diary (the 24-Hour Sleep Patterns Interview 
[24-HSPI]; Meltzer, Mindell, & Levandoski, 2007) was used to confirm with 
each parent when he or she went to bed and when he or she fell asleep the previ-
ous night, as a cross-check with actigraph data.

Infant Sleep Diary

Mothers also completed an infant sleep diary (adapted from Burnham et al., 
2002) every morning across the full week of data collection at each age that 
asked the mother to record when the infant was put down to sleep and when he 
or she fell asleep the previous night, and also the frequency of infant night wak-
ing during the previous night. This diary was used to cross-check each infant’s 
actigraphy record to confirm the onset of sleep time and morning wake time for 
the infant. In addition, however, this diary provided information from mothers 
directly about infant night- waking frequency during the week. This index was 
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obtained for each infant by summing across the full 7 nights of data collection 
at each age.

Sleep Arrangement Patterns and Infant–Parent Sleep

All analyses of sleep arrangement linkages with outcome measures used cova-
riance pattern analysis. Infant fragmented sleep, and the number of minutes 
infants spent in WASO, was found to decrease sharply across the first year (ps 
< .0001), particularly between 1 and 6 months of age, reflecting the expected 
rapid consolidation of infant nighttime sleep with maturation during the first 
year of life (Henderson et al., 2011; see Figure 16.1 for infant sleep fragmen-
tation). However, contrary to expectations, infant sleep arrangement patterns 
across the first year were found to be unrelated to infant sleep fragmentation 
and WASO, nor was the interaction of sleep arrangements and infant age signif-
icant for either of these two dependent variables. This was unexpected in light 
of earlier work linking cosleeping, and in particular bed sharing, with elevated 
infant night waking (DeLeon & Karraker, 2007; Lozoff et al., 1996; Ong et al., 
2010; Ramos et al., 2007; Sourander, 2000), although it should be noted that 
these studies used maternal report to assess infant sleep quality, not actigraphy.

Additional analyses on mothers’ sleep fragmentation and WASO revealed 
that, similar to infant sleep, mothers sleep fragmentation and WASO decreased 
significantly across the infants’ first year (ps < .0001), indicating improved 
maternal sleep across the year, although this decrease was more gradual and 
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linear compared with that observed for infant sleep fragmentation (see Figure 
16.2 for maternal sleep fragmentation). However, in contrast to infant sleep, 
mothers’ sleep fragmentation was significantly associated with sleep arrange-
ments (p < .0001). Post hoc analyses revealed that mothers who used consis-
tent solitary sleeping arrangements across the first year had less fragmented 
sleep compared with mothers of infants in consistent cosleeping arrangements 
(adjusted p = .0004), mothers in late- switching arrangements (mothers who did 
not switch their infants into solitary sleep until 9–12 months; adjusted p = .02), 
and mothers of infants in inconsistent sleep arrangements across the first year 
(adjusted p = .007). In addition, mothers whose infants switched into solitary 
sleep arrangements between 3 and 6 months had less fragmented sleep than 
mothers of infants in consistent cosleeping arrangements (adjusted p = .02). The 
interaction of sleep arrangements × infant age on mothers’ sleep fragmentation 
was not significant. Similar results were obtained for mothers’ WASO data. 
Interestingly, no linkages were found among sleep arrangement patterns, infant 
age and their interaction, and fathers’ sleep fragmentation and fathers’ WASO.

Collectively, these results revealed that, using actigraph measures of sleep 
quality, mothers, but not infants or fathers, in persistent cosleeping arrange-
ments (i.e., persisting beyond 6 months of infant age) were more likely to experi-
ence sleep disruptions, compared with mothers of infants in consistent solitary 
arrangements and mothers whose infants switched into solitary sleep before 6 
months. Interestingly, similar analyses conducted on mothers’ reports of the fre-
quency of infant night waking from the infant sleep diary revealed results that 

FiguRe 16.2. Mothers’ sleep fragmentation, from actigraphy, across the infants’ first year 
for the five different sleep arrangements groups.
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were more consistent with those obtained with mothers’ actigraph data than 
with infant actigraph data (see Figure 16.3). Specifically, infant night- waking 
frequency decreased across the first year (p < .0001; as expected), and was sig-
nificantly associated with sleep arrangements (p = .0009). Post hoc pairwise 
comparisons showed that mothers of infants in consistent cosleeping arrange-
ments reported significantly more infant night awakenings than mothers of 
infants in consistent solitary sleep arrangements (adjusted p = .0005), and moth-
ers of infants who switched into solitary sleep before 6 months (p = .007). In 
sum, mothers’ perceptions of their infants’ sleep quality coincided much more 
closely with actigraphy measures of mothers’ own sleep quality than with actig-
raphy measures of infants’ sleep quality.

Sleep Arrangement Patterns, Coparenting, Household Chaos, 
and Bedtime Parenting

A significant association was seen between mothers’ reports of negative copar-
enting and sleep arrangements (p = .0002), but not with infant age or the inter-
action of sleep arrangements by infant age. Post hoc pairwise comparisons indi-
cated that mothers of infants in consistent cosleeping arrangements reported 
higher levels of negative coparenting than mothers of infants in consistent soli-
tary sleep (adjusted p < .0001), mothers of early- switching infants (adjusted p 
= .008), mothers of late- switching infants (adjusted p = .03), and mothers of 
infants in inconsistent sleep arrangements throughout the first year (adjusted 

FiguRe 16.3. Mother reports of infant nighttime awakenings, from daily infant sleep dia-
ries, across the infants’ first year for the five different sleep arrangements groups.
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p = .01). These differences were evident from 1 month of infant age onward and 
did not show differential change with different sleep arrangements over time. 
Mothers’ positive coparenting was also associated with sleep arrangements (p = 
.01). Post hoc pairwise comparisons revealed that mothers of infants in consis-
tent cosleeping arrangements reported less positive coparenting than mothers 
of infants in consistent solitary sleeping arrangements (adjusted p = .005). No 
other pairwise comparison was significant. No associations were found between 
fathers’ coparenting and sleep arrangements.

Additional analyses revealed that household chaos increased across the 
first year in all groups (p = .018), and was significantly associated with sleep 
arrangements (p = .0005). Pairwise comparisons showed that families using 
consistent solitary infant sleeping arrangements were less chaotic than families 
using consistent cosleeping arrangements (adjusted p = .015) and late- switching 
families (adjusted p = .001). In addition, early- switching families were less cha-
otic than late- switching families (adjusted p = .04). Similar analyses on mothers’ 
EA with infants at bedtime revealed a significant association with infant sleep 
arrangements (p = .0002), but not with infant age or the interaction of infant 
age with sleep arrangement patterns. Post hoc comparisons revealed that moth-
ers of infants in consistent solitary sleeping arrangements were more emotion-
ally available with their infants at bedtime than mothers of infants in consistent 
cosleeping arrangements (adjusted p = .0001) and mothers in late- switching 
arrangements (adjusted p = .03). In addition, early- switching mothers were more 
emotionally available to their infants at bedtime than mothers of infants in con-
sistent cosleeping arrangements (adjusted p = .004).

Analyses on parenting practices revealed a variety of associations with sleep 
arrangement patterns. As expected, infants whose parents indicated that they 
slept in separate rooms throughout the first year (consistent solitary sleepers) 
spent significantly more time, both at bedtime and throughout the night, in 
their own rooms than infants in consistent cosleeping, late- switching infants, 
and infants in inconsistent sleep arrangements. In addition, infants in early- 
switching families were observed to spend more time in their own room after 
3 months of age, and infants in late- switching families began to spend more 
time in their own room after 9 months. Thus, mothers’ reports of infants’ sleep 
arrangement patterns coincided nicely with the video observations. Parents of 
infants in persistent cosleeping arrangements (i.e., consistent cosleepers, late 
switchers, and inconsistent cosleepers) were observed to intervene more fre-
quently to bouts of infant distress at night, when infants were awake but not dis-
tressed, and when infants were sound asleep, compared with parents of infants 
in consistent solitary sleep.

Correlational analyses were then conducted to explore associations between 
parenting quality (mothers’ EA) and bedtime and nighttime parenting practices. 
A number of statistically significant associations emerged. Maternal EA at bed-
time was positively associated with the time infants spent in their own rooms at 
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bedtime, and negatively associated with the time infants spent in their parents’ 
room and their parents’ bed. Similar associations were found between bedtime 
EA and nighttime infant sleep locations. Bedtime EA correlated positively with 
the amount of time infants spent in their own separate rooms during the night 
and negatively with the amount of time infants spent in their parents’ room 
during the night and in their parents’ bed. These findings are consistent with 
the results, reported above, that EA among mothers of infants in consistent soli-
tary sleep or who switched into solitary sleep early in the first year was signifi-
cantly higher than mothers of infants in cosleeping arrangements that persisted 
throughout the first year.

Sleep Arrangement Patterns and Sociodemographics

A final set of analyses were conducted to examine any associations between 
first-year infant sleep arrangement patterns and sample sociodemographics. No 
associations were found among sleep arrangement patterns and mothers’ and 
fathers’ education, mothers’ and fathers’ age, yearly family income, family size, 
partner status (i.e., living with a partner vs. not), and breast- feeding, at any age. 
One difference that was found was that the proportion of nonWhites in the con-
sistent cosleeping group was greater (42%) compared with that proportion in 
the other sleep arrangement groups (< 15%). However, race was not associated 
with any other sociodemographic variable, nor was race associated with any of 
the outcome measures in the consistent cosleeping group.

Interpreting SIESTA Findings

These findings, along with those from earlier work (Anders et al., 1992; Burn-
ham et al., 2002; Mindell et al., 2006; Teti et al., 2010), converge on the point 
that both what parents do in infant sleep contexts (bedtime and nighttime par-
enting practices) and how parents do what they do (parenting quality) relate, in 
theoretically predictable ways, to infants’ ability to put themselves to sleep, and 
to develop self- regulated sleep, across the first year. Infant sleep quality is com-
promised by high amounts of parental presence and close physical contact at 
night, and by parenting that is poorly structured, unresponsive, and insensitive. 
Conversely, bedtime parenting that is well structured, follows a routine, is sensi-
tive and affectively attuned to infant needs, and provides infants ample oppor-
tunities to soothe themselves to sleep on their own at bedtime and throughout 
the night, appears to promote the development of self- regulated infant sleep. 
It is important to note that the associations above derive from samples from 
the United States and other Western industrialized societies that endorse the 
practice of solitary infant sleep, particularly by the end of the infant’s first 
year when developmental issues pertaining to the establishment of day–night 
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sleeping rhythms and sleep consolidation have largely resolved. It is not clear 
how well they converge with samples from non- Western cultures that are more 
likely to endorse various forms of infant– parent cosleeping, although we note 
that similar linkages between cosleeping and disrupted child sleep have been 
reported (from parent- report measures of child sleep) in Chinese samples (Liu 
et al., 2003; Tan et al., 2009; Wang et al., 2013), a country in which cosleeping 
occurs at substantially higher rates than in the United States (Wang et al., 2013). 
What has yet to be done in cosleeping- friendly cultures is an examination of 
individual differences in how cosleeping arrangements are structured (e.g., with 
vs. without father presence in the same room), and whether such individual dif-
ferences are linked with marital and individual well-being and, in turn, infant– 
parent relationships and infant development.

Sleep Arrangements, Infant–Parent Sleep, and Parental 
and Interparental Dynamics

Further examination of SIESTA data, however, raises questions about the 
degree to which cosleeping, and in particular bed sharing, puts infants at risk 
for higher amounts of nighttime awakenings compared with solitary sleep. 
Mothers of infants in consistent cosleeping arrangements reported more night 
awakenings in their infants compared with mothers of infants in consistent soli-
tary sleep and early- switching mothers, which is in line with earlier work that 
made use of maternal reports of infant sleep quality (DeLeon & Karraker, 2007; 
Lozoff et al., 1996; Ong et al., 2010; Ramos et al., 2007; Sourander, 2000). 
However, these differences were not supported by actigraph recordings of infant 
sleep. Indeed, actigraphy data revealed that it was mothers’, but not infants’ 
or fathers’ sleep, that was disrupted in cosleeping arrangements, and only for 
cosleeping that lasted beyond the infant age of 6 months.

We propose that the tendency of mothers in persistent cosleeping arrange-
ments to report higher frequencies of infant night awakenings may be related to 
other, family- based and personal factors. Mothers’ reports of positive coparent-
ing were lower in the consistent cosleeping group compared with the mothers 
in the consistent solitary sleep group; and mothers’ reports of negative copar-
enting were higher in the consistent cosleeping group compared with all other 
groups. These “main effect” differences, which particularly disfavored mothers 
of infants in consistent cosleeping arrangements, were apparent as early as 1 
month of infant age and persisted throughout the full year. In addition, analy-
ses of household chaos, which was obtained from independent observations of 
family organization and compliance with study protocol, yielded a pattern of 
findings similar to that obtained for mothers’ coparenting adjustment, with the 
lowest levels of household chaos found in families with infants in consistent 
solitary sleep arrangements and in early- switching families, compared with late- 
switching families and families of infants in consistent solitary sleep. Again, 
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sleep arrangement group differences in household chaos were evident as early 
as 1 month of infant age. Collectively, these findings do not support the prem-
ise that sleeping arrangements were causal to mothers’ coparenting quality and 
household chaos during the infant’s first year, given that these differences were 
evident very early in the infants’ life (1 month). Instead, these data suggest that 
persistent cosleeping throughout the infant’s first year, particularly in a culture 
in which persistent cosleeping is not supported, may be symptomatic of preex-
isting heightened marital and family stress that is evident early in the life of the 
infant. This heightened distress, which appears to be particularly felt by moth-
ers in the marital and coparenting domains, may predispose mothers to struc-
ture infant sleeping arrangements to allow them to spend more time with their 
infants at night. Indeed, the overall pattern of findings leads us to speculate 
that distressed mothers may be more likely to do this as a way of compensating 
for a perceived lack of closeness and intimacy in their marriages, and to main-
tain these arrangements in the face of continuing coparenting distress, which as 
reported above was found to be highly stable over time. These findings support 
and extend the earlier work of Teti et al. (2015), who reported that maritally 
distressed mothers who coslept with their infants at 1 month were more likely 
to maintain these cosleeping arrangements through 6 months, compared with 
nondistressed cosleeping mothers at 1 month, who by contrast were more likely 
to move their infants into solitary sleep by 6 months. The present findings also 
extend the findings of Teti and Crosby (2012), who found that mothers with ele-
vated depressive symptoms and excessive worries about their infants’ nighttime 
sleep behavior were more likely to seek out and spend time with their infants 
during the night than mothers with low symptom levels, and that distressed 
mothers’ propensity for doing so was largely unrelated to whether or not their 
infants were distressed.

The question remains, however, why mothers of infants in consistent 
cosleeping arrangements reported higher levels of night awakenings in their 
infants relative to the other sleep arrangement groups, when similar analyses 
of actigraphy data revealed no sleep arrangement differences in infant sleep. 
One possible explanation is that mothers who sleep in close proximity to their 
infants notice their infant nighttime arousals more than mothers who sleep 
separately from their infants and thus are more likely to report infant arousals 
than mothers in solitary sleeping arrangements. If this were the case, stronger 
and more consistent associations would be expected between mothers’ reports 
of infant night waking and actigraph reports of mothers’ sleep disruption in 
consistent cosleeping arrangements than in consistent solitary sleep arrange-
ments. This hypothesis was not supported: Instead, more consistent, positive 
correlations were found between mothers’ reports of infant night waking and 
actigraph reports of mothers’ sleep disruption in consistent solitary sleeping 
arrangements than in consistent cosleeping arrangements. We offer the follow-
ing alternative hypothesis: If persistent cosleeping in a culture that does not 
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support it is a marker of family and maternal distress (as it appeared to be in 
this sample), maternal distress may be manifested by a hypersensitivity to and 
hypervigilance about infant night awakenings, leading distressed mothers to 
perceive even very brief infant arousals and postural shifts as night awakenings. 
These very brief infant arousals may go unnoticed by nondistressed mothers, 
and they may be too brief and below threshold to be identified as wake activ-
ity by actigraphy. The question of whether distressed mothers and/or mothers 
who cosleep with their infants overreport infant night awakenings has, to date, 
rarely been addressed in the mother– infant sleep literature, and emphasizes the 
need to corroborate parent reports of infant/child sleep with objective assess-
ments of infant sleep, such as actigraphy.

Sleep Arrangements and Mothers’ Bedtime Parenting

There was no theoretical or empirical basis for expecting linkages between sleep 
arrangements and mothers’ bedtime EA. Finding such linkages was not surpris-
ing, however, in light of the fact that mothers in persistent cosleeping arrange-
ments had more fragmented sleep (and thus at risk for cumulative sleep debt), 
were more maritally stressed, and had more chaotic households. Indeed, sleep 
deprivation and fatigue is known to disrupt the quality of social relationships, 
including the parent– child relationship (Giallo, Rose, Cooklin, & McCormack, 
2013; Kahn- Greene, Lipizzi, Conrad, Kamimori, & Killgore, 2006). In turn, 
marital maladjustment, poor coparenting quality, and household chaos are well 
established as predictors of parenting difficulties (Cabrera, Shannon, & La Tail-
lade, 2009; Coldwell, Pike, & Dunn, 2006; Coln, Jordan, & Mercer, 2013; 
McCoy, George, Cummings, & Davies, 2013). Of special interest were the nega-
tive associations obtained between mothers’ bedtime EA and nighttime mater-
nal interventions with infants when infants were not distressed. Stated differ-
ently, mothers identified as emotionally unavailable to their infants at bedtime 
were more likely than emotionally available mothers at bedtime to intervene 
with their infants at night when their infants did not appear to need interven-
tion. Bedtime EA and nighttime parenting were scored by separate coding teams 
that were blind to each other’s data, and thus shared method variance cannot 
account for this link. These findings suggest that, in cultures that support inde-
pendent infant sleep, one aspect of competent nighttime parenting of infants is 
the understanding that nighttime interventions are warranted only when infants 
are distressed, but not warranted when infants are not distressed, whether they 
are awake or not. Subsequent research needs to replicate this association, prefer-
ably using observational data, and in so doing address the broader question of 
what constitutes competent parenting with infants at night, how such parenting 
is conditioned by culture, and determining parenting competence not simply 
in terms of infant sleep quality but also in terms of infant socioemotional and 
cognitive developmental milestones.
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Again, sleep arrangement patterns across the first year did not moderate 
longitudinal patterns of EA from 1 to 12 months, and thus there was no evi-
dence that differences in sleep arrangement patterns caused differences in moth-
ers’ bedtime EA. These findings raise additional questions about whether persis-
tent cosleeping in a culture that does not endorse it is not just a risk marker for 
maternal sleep loss and family stress but also for early socioemotional problems 
in children. If this were the case, we would expect that such risks would be real-
ized only to the extent that persistent cosleeping was associated with persistent 
family and parenting stress across the first year. In the absence of such stress, we 
would expect no ill effects of persistent cosleeping on parenting and children’s 
early development. Clearly, this is a topic for further research.

Sleep Arrangements and Fathers

In contrast to mothers, fathers’ sleep and perceptions of coparenting quality 
were remarkably unrelated to sleep arrangement patterns. We note that mothers 
in this sample were almost exclusively the primary caregivers for their infants, 
and much more likely than fathers to take primary responsibility for putting 
their infants to bed. This was corroborated by our bedtime video data, which 
almost always involved mothers but sporadically involved fathers in bedtime 
activities. We suspect that, whereas mothers’ involvement with their infants at 
bedtime and throughout the night was a constant, fathers’ involvement in these 
activities varied widely. We would expect stronger linkages between infant sleep 
arrangements and fathers’ sleep quality under conditions of high father involve-
ment. This is an important question for further research.

Conclusions

This chapter addressed the role of parenting practices and parenting quality, 
particularly at bedtime and during the night, as predictors of infant and early 
childhood sleep and that place children at risk for poor sleep and, in turn, for 
adjustment difficulties in socioemotional and cognitive developmental domains 
(Bates, Viken, Alexander, Beyers, & Stockton, 2002). Parenting that provides 
infants opportunities to soothe themselves to sleep, follows regular and predict-
able bedtime routines, limits parental presence and close physical contact with 
infants at night, that is emotionally attuned and sensitive to infant needs at 
bedtime, and not overly solicitous of infants during the night is associated with 
the development of self- regulated, quality sleep during the first year. SIESTA 
findings further indicate that, contrary to most available reporting linkages 
between cosleeping and increased infant nighttime awakenings (relying primar-
ily on parent reports), cosleeping, especially if persistent beyond the infants’ age 
of 6 months, was more clearly associated with disruptions in mothers’ sleep, but 
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not infants’ or fathers’ sleep (using actigraph data), and was also associated with 
coparenting distress and more chaotic households. We propose that persistent 
cosleeping may be a marker, but not necessarily a cause of, family distress, and 
that further research should delve more deeply into the interlinkages that exist 
between family distress and sleep arrangements and their impact on infant and 
family outcomes over time.

If mothers who engage in persistent cosleeping do so because they are 
distressed, and if persistent cosleeping places mothers at risk for sleep disrup-
tion, cumulative sleep debt, and relationship difficulties with their infants, such 
mothers comprise a high-risk group in need of intervention. The primary goal 
of such an intervention should not be, in our view, to advise against cosleeping 
with one’s infant, but instead to improve the marital and coparenting relation-
ship, particularly around but not limited to decisions parents make about infant 
sleep arrangements, and to make certain that parents who wish to cosleep think 
carefully about and discuss with each other the reasons they wish to do it, and 
ideally to be in full agreement if the decision to cosleep is made. We believe 
such an intervention should aim to make parents fully aware of the perks and 
pitfalls of cosleeping and help parents understand that whereas cosleeping, if 
practiced safely, can facilitate breast- feeding and parents’ ability to monitor the 
infant during the night, persistent cosleeping can lead to parent sleep disruption 
and cumulative sleep debt, which could detrimentally impact the marital and 
parent– infant relationships over the long term (e.g., McDaniel & Teti, 2012). 
Cosleeping, in other words, should be done with full knowledge and support of 
both parenting partners. It should not be practiced as a way of compensating for 
a lack of marital intimacy or because parents harbor unrealistic anxieties about 
their infants’ nighttime sleep–wake behavior.

It is important to note that virtually all data available on the role of par-
enting on infant sleep derive from cultures in which persistent parent– infant 
cosleeping is not the norm. In a cosleeping culture, we would not expect per-
sistent cosleeping during the infant’s first year to be a marker of risk, nor is it 
clear if the practices identified to date as putting infants at risk for poor sleep 
would be the same in a cosleeping culture. It would nevertheless be important 
to examine, in cultures in which persistent cosleeping is more highly endorsed, 
whether distressed parents and in particular mothers are more likely to prolong 
the practice of cosleeping and/or to seek out and spend more time with infants 
in contexts other than sleep contexts, compared with mothers of infants of soli-
tary sleeping infants. It is also tempting to speculate about whether parents in 
cosleeping cultures who decide not to cosleep with their infants are more likely 
to experience criticism from others and, in turn, elevations in marital, personal, 
and parenting distress.

More broadly, although this chapter is dedicated to a review and discus-
sion of parenting practices and parenting quality in child sleep contexts and 
their link to infant sleep, it remains the case that precious little is known about 
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parenting of infants and young children in bedtime contexts. Direct observation, 
and not just parent report, of bedtime/nighttime parenting is needed to redress 
this dearth, not simply to determine how parenting in such contexts organize 
child sleep, but also how it predicts developmental outcomes in early childhood 
and beyond, and how it relates to the quality with which parents interact with 
each other. We argue that there are distinct “perks” in engaging in direct obser-
vations of parenting in child sleep contexts. One is that parenting in these con-
texts qualifies in every respect as naturalistic. It is not structured by an observer, 
yet it is goal- directed and involves a context that is universal to all parents. It is 
critical to understand what individual differences in parenting looks like, both 
in terms of what parents do (practices) and how well they do it (quality) in child 
sleep contexts, and what those individual differences portend for children’s 
development, both short- and long term. It is also important to examine how 
bedtime and nighttime parenting compares with parenting observed in more 
traditional daytime contexts, both structured (e.g., free play, feeding, teaching) 
and unstructured, and whether parenting in particular contexts is a stronger 
predictor of children’s development. Second, observations of parenting in child 
sleep contexts, particularly during bedtimes, frequently involves both parents to 
varying degrees, and any other children in the family. As such, it provides a rare 
window for examining multiple subsystems in the family (parent– child, parent– 
parent, siblings, etc.), and how well or poorly these subsystems coordinate as 
parents work to put their children to bed. From our video recordings of bedtime 
parenting, we have observed some highly organized, well- coordinated families, 
and others that were poorly organized and coordinated, replete with marital 
discord that appeared to spill over into parents’ interactions with individual 
children. We would thus argue that observations of bedtime and nighttime par-
enting provide researchers with opportunities to study not just parenting but 
also the coparenting relationship and the overall health and integrity of the 
family system.

Finally, it behooves social scientists interested in the role of parenting in 
child sleep to incorporate characteristics of the child that have direct or indirect 
theoretical relevance to sleep quality. What immediately comes to mind in this 
regard is infant temperament, given evidence that connects infant temperamen-
tal characteristics, such as negative affectivity, inversely with infant sleep quality 
(Halpern, Anders, Garcia Coll, & Hua, 1994; Spruyt et al., 2008). Interestingly, 
relatively few studies have examined infant temperament as a potential mod-
erator of linkages between bedtime/nighttime parenting and infant sleep. We 
believe this is a fruitful area of inquiry, given recent findings from SIESTA that 
infant surgency (characterized by high activity, positive affect, high levels of 
approach, and perceptual sensitivity; Gartstein & Rothbart, 2003) moderated 
associations between maternal EA at bedtime and infant sleep duration such 
that a positive association was found only for highly surgent infants, but not 
for infants low in surgency (Jian, Kim, Crosby, & Teti, 2014). We propose that 
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additional infant “characteristics” that index regulatory capacities in infants, 
such as vagal regulation and stress reactivity measured very early in life, may 
also prove to be important moderators of the effects of parenting practices and 
quality on infant sleep development and thus worthy of systematic study.

We have just scratched the surface in understanding the role of parenting 
in organizing sleep in infancy, and how parenting, infant sleep patterns, and 
parent sleep patterns mutually influence one another over time. Future research 
is needed to further explore these linkages, and to better understand how the 
effects of parenting on child sleep are conditioned by child characteristics, indi-
vidual parental beliefs, and cultural belief systems. Such work should contribute 
importantly to the field of parenting in its own right. In addition, however, 
we expect such work to contribute to a greater appreciation of the impact of 
bedtime/nighttime parenting on infant sleep regulation, and of the independent 
and joint effects of parenting and child sleep on cognitive and socioemotional 
development in the early years.
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The notion of vulnerability to the development of psychopathology has a long 
and honored history. Among the most seminal early contributors to under-

standing vulnerability were Lois Murphy, Norman Garmezy, and Emmy Wer-
ner. Beginning in the 1930s, Lois Murphy carefully characterized the develop-
ment of a group of children from early infancy through adolescence, focusing on 
biological, psychological, and environmental processes as vulnerabilities (Mur-
phy & Moriarty, 1976). Norman Garmezy also recognized the potential value 
of vulnerabilities in understanding pathways to disorder (or competence) and in 
designing preventive interventions (Garmezy, 1971). This work, carried on in 
particular by Ann Masten, has led to many important new findings (beginning 
with Masten & Garmezy, 1985). Emmy Werner’s exquisitely detailed longitudi-
nal study further provided strong evidence that vulnerabilities are not inevitably 
associated with succumbing to the development of psychopathology (Werner & 
Smith, 1977). Indeed, it is important to note that all three of these seminal con-
tributors to the understanding of early vulnerabilities are equally well known 
for their work on resilience (Masten & Garmezy, 1985; Werner & Smith, 1982). 
Overall, this early work introduced not only the concept of vulnerability, but 
also the biopsychosocial perspective on vulnerability and the need to understand 
divergent pathways both to vulnerability and from vulnerability to disorder (or 
competence). One might say both that we have come a long way since this early 
work and that current work on studies of vulnerability strongly benefits from 
the contributions of these seminal leaders.

In this chapter, the focus is on understanding vulnerabilities to the develop-
ment of psychopathology as they occur in infancy, which is important for several 
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reasons. First, infancy is a period during which influences on development may 
be strongest (Bornstein, 2014). Second, from a developmental psychopathology 
perspective, it is understood that prior development influences later develop-
ment (Cicchetti & Schneider- Rosen, 1986). That is, infants who have adapted 
well to the challenges of infancy will likely face future developmental challenges 
with greater resources relative to those who emerge from infancy with biologi-
cal and/or behavioral vulnerabilities. Infants with early vulnerabilities, on the 
other hand, may be at a greater risk of experiencing later problems given that 
such individuals would face the challenges of later developmental stages with 
less optimal resources. Third, as discussed later, given this developmental per-
spective, infancy is clearly an essential time period for experimental or clinical 
interventions that may potentially alter developmental trajectories. Changes in 
the environment and/or in the individual’s internal vulnerabilities may enhance 
the infant’s ability to adapt to later developmental challenges. Intervening in 
vulnerabilities, whether through prevention or treatment, whether targeting the 
infant or the parents or the larger social system, has the potential to decrease the 
likelihood of the psychopathology that might otherwise later develop (Sroufe & 
Rutter, 1984).

The chapter begins with an overview of infant vulnerability to psychopa-
thology, followed by a review of relevant research, emphasizing both the meth-
ods and the findings. Finally, the chapter concludes with indications of next 
steps for continuing along these important lines of study. Throughout, the phe-
nomenon of infant vulnerability to psychopathology is described from a biopsy-
chosocial perspective, with a focus on early experiences, including during fetal 
development.

infant Vulnerability to Psychopathology: an Overview

Psychopathology in infancy is rare. Thus the focus of this chapter is on infant 
vulnerability to the later development of psychopathology. Such “later” psycho-
pathology may occur as early as during the toddler years or not until adulthood. 
Although both are concerning, researchers have increasingly been contributing 
to the understanding of early onset psychopathology (e.g., Egger & Angold, 
2006). Indeed, specialized classification systems have been developed, such as 
the Diagnostic Classification of Mental Health and Developmental Disorders 
of Infancy and Early Childhood (DC: 0–3; Zero to Three, 2005). For example, 
when developmentally informed assessment and “translation” of symptom cri-
teria are considered, major depressive disorder (MDD) has been reliably and val-
idly identified among preschool- age children (Luby, Heffelfinger, et al., 2003; 
Luby, Mrakotsky, et al., 2003). MDD among preschool- age children is charac-
terized by not only sadness, anhedonia (loss of interest or pleasure in everyday 
activities), and appetite and weight problems, all of which are typical of older 
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children or adults with MDD, but also by age- specific symptoms such as being 
grouchy, whining or crying frequently, and play or talk that focuses on death or 
suicide (Luby, Heffelfinger, et al., 2003). Anxiety disorders, including separa-
tion anxiety disorder (SAD), specific phobias, and generalized anxiety disorder 
(GAD), have also been identified in toddlers and preschool- age children (Shamir- 
Essakow, Ungerer, & Rapee, 2005). For example, young children with SAD 
have unrealistic and persistent worry about something bad happening to them-
selves or their caregiver. Disruptive behavior disorders, specifically oppositional 
defiant disorder (ODD) and attention- deficit/hyperactivity disorder (ADHD), 
typically first onset in the preschool years (Lavigne, LeBailly, Hopkins, Gouze, 
& Binns, 2009). Young children with ODD show symptoms of uncooperative, 
defiant, and hostile behavior that is frequent and serious enough to significantly 
interfere with daily functioning. Toddlers with ADHD typically show signs of 
hyperactivity and impulsivity that is sufficiently frequent and intense as to dis-
tinguish it from typical toddler behavior. It is also important to consider that 
disorders in young children often are comorbid, evidenced by the co- occurrence 
of two or more disorders (Luby, Heffelfinger, et al., 2003).

Although psychopathology to this point has been described in categori-
cal/diagnostic terms, describing and understanding psychopathology in dimen-
sional terms is at least as important. The well- validated Child Behavior Check-
list (CBCL) uses a dimensional approach to understanding psychopathology and 
yields scores on internalizing and externalizing problems in children as young as 
age 18 months (Ivanova et al., 2010). Another reliable and valid assessment tool, 
the Infant– Toddler Social and Emotional Assessment (ITSEA; Carter, Briggs-
Gowan, Jones, & Little, 2003), similarly yields scores on internalizing and 
externalizing, but also on dysregulation and extends down to 12-month-olds 
(and up to 36-month-olds; see Bagner, Rodríguez, Blake, Linares, and Carter, 
2012, for a review of assessment tools for young children’s psychopathology).

This basic overview of early-onset psychopathology underscores the need to 
understand infant vulnerabilities to the development of psychopathology. Vul-
nerabilities are defined here as qualities or characteristics of the infant or the 
environment that increase the likelihood of the later development of psychopa-
thology. Potential sources of vulnerability are numerous. They include genetic 
and other biological factors, family characteristics (e.g., depression in a parent 
or marital conflict), and other environmental qualities (e.g., the stressors and 
deprivations associated with poverty). Broadly, the understanding of vulnerabil-
ity has the potential to reveal key mechanisms in the development of psychopa-
thology (Ingram & Price, 2010).

An important conceptual distinction is between vulnerabilities and early 
signs or symptoms of disorder. For example, in addition to knowledge of onset 
of disorders as early as toddlerhood, as just reviewed, it is beginning to be 
understood that infants can display symptoms of depression or other disorders 
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(Brief-ITSEA: Briggs-Gowan & Carter, 2007). These early signs of disorder may 
or may not be continuous with later manifestations of disorders (as reviewed in 
Ingram & Price, 2010). Nonetheless, the focus of this chapter is on characteris-
tics or qualities that are conceptualized to precede the onset of psychopathology.

One illustration of this distinction is in the Goodman and Gotlib integra-
tive model (see Figure 17.1), which seeks to explain the transmission of risk for 
the development of psychopathology from depression in mothers to their chil-
dren (Goodman & Gotlib, 1999). In this model, the offspring of mothers with 
depression are predicted to develop vulnerabilities in one or more domain of 
functioning. The domains of infant functioning that index vulnerabilities may 
be psychobiological (e.g., the hypothalamic– pituitary– adrenocortical [HPA] 
axis), cognitive (e.g., biased attention), affective (e.g., difficulties in emotion 
regulation such as reward processing), and behavioral or interpersonal (e.g., 

FiguRe 17.1, Integrative model for the transmission of risk to children of depressed moth-
ers. From Goodman and Gotlib (1999). Copyright 1999 by the American Psychological 
Association. Reprinted by permission.
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inadequate social skills). Moreover, the vulnerabilities are thought to interact 
and, in particular, to exacerbate one another. In this way, the model is meant to 
capture key features of biobehavioral organisms in the sense that biological and 
psychological aspects of functioning are inextricably linked. Finally, it is these 
vulnerabilities that may subsequently lead to the development of depression or 
other disorders.

The word may in the previous sentence is captured in the model by a set of 
proposed moderators. A moderating variable is one that changes the direction 
(i.e., positive or negative) or strength of association between two other variables. 
The idea of moderation is highly relevant to the understanding of vulnerabilities 
in that their degree of presence would increase or decrease the likelihood of 
infants either showing vulnerabilities or of vulnerabilities progressing into dis-
orders. As an example, within the Goodman and Gotlib (1999) model, only a 
subset of infants born to depressed mothers are expected to have vulnerabilities 
or, even in the presence of vulnerabilities, go on to develop psychopathology as 
evidence has supported. For example, in a review of that evidence, we found 
that the association between depression in mothers’ and children’s internalizing 
problems was stronger in girls than in boys and in families living in poverty rela-
tive to middle- or higher- income families (Goodman et al., 2011).

Other concepts that are helpful to understand in the context of considering 
infant vulnerability are trait markers, biological markers, or endophenotypes, 
three terms that are often used interchangeably. Indeed, the construct of endo-
phenotypes was developed to capture the hypothesized pathways from genotype 
to disorder (Gottesman & Gould, 2003) and thus is very compatible with the 
notion of vulnerability. Endophenotypes go beyond routine use of the term vul-
nerability in that they are defined as being state independent (present prior to 
and between episodes of a disorder), heritable (possibly inferred from rates of 
disorder in relatives), associated with the disorder of concern in the population, 
and present at higher rates in family members without the disorder than in the 
general population. These are useful specifications to consider in interpreting 
the findings reviewed in this chapter.

Often conceptualized as antonyms to vulnerability, competence and pro-
tective factors are also important to understand in the context of infant vulner-
abilities to the development of psychopathology. Protective factors, internal or 
external, may promote competent development and alter trajectories toward 
the development of psychopathology. Examples include the parenting quali-
ties that have been found to be associated with healthy infant development in 
well- replicated studies (Sroufe, Coffino, & Carlson, 2010), including sensitive 
parenting (Bakermans- Kranenburg, van IJzendoorn, & Juffer, 2003), positive 
family relationships (Rosenblum, Dayton, & Muzik, 2009), and secure attach-
ment (Rutter, 1987). Broadly speaking, competence as an individual difference 
variable is viewed as one’s ability to benefit from resources, both internal and 
external, in order to facilitate healthy development (Waters & Sroufe, 1983). It 
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is essential that they be included in models of vulnerabilities to the development 
of psychopathology.

Relatedly, developmental psychopathologists early on recognized the impor-
tance of understanding the development of individuals who do not advance 
toward psychopathology despite the presence of vulnerabilities or risks. Early 
notions of a subset of at-risk children being invulnerable were replaced with a 
focus on coping and resilience (Anthony, 1974). Masten (2001) makes a strong 
case for understanding resilience processes rather than a static construct and for 
models of the likely dynamic, transactional associations among variables in the 
prediction of psychopathology or adaptation. Cicchetti (2013) also argues for 
a multilevel approach in his research on the role of resilience in the association 
between childhood maltreatment and psychopathology. Such approaches recog-
nize the importance of considering coping and resilience in models of vulner-
ability to the development of psychopathology.

In addition to the notion that not all individuals with vulnerabilities will 
develop psychopathology, multifinality also applies to consideration of infants’ 
vulnerabilities to the development of psychopathology (Cicchetti & Rogosch, 
1996). Even within a group of infants with similar vulnerabilities, some will 
manage to embark on a healthy pathway and others will develop disorder, and 
even the specific disorder they develop may vary. Despite the reviewed evidence 
for vulnerabilities in infants as precursors to disorder, links between particular 
vulnerabilities and particular disorders are relatively weak. Thus, understand-
ing the development of psychopathology requires complex models, attempting 
to explain the processes involved in these widely varying trajectories.

theoretical Models

Multidimensional Models

It is essential to place the work reviewed here in the context of understanding 
that no single biological or environmental factor— maternal depression, pre-
natal exposures, a particular genetic polymorphism, and so on—is likely to 
explain the development of psychopathology. Moreover, any single vulnerabil-
ity likely does not account for the later development of psychopathology; such 
univariate predictor models are almost certainly inadequate and require consid-
eration of the influences of additive or interacting vulnerabilities. Further, vul-
nerabilities, even in combination, are not invariably associated with the develop-
ment of psychopathology (e.g., Rutter, 1990). In general terms, vulnerabilities 
will more likely be associated with the development of psychopathology when 
they are numerous, in the context of risk factors, and when protective factors 
are absent or inadequate (Cicchetti & Schneider- Rosen, 1986). The constructs, 
processes, and mechanisms reviewed in this chapter have all been brought to 
bear to address this complexity.
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Diathesis–Stress Models

Gottesman and Shields (1972) introduced diathesis– stress models to describe 
how biological vulnerabilities to the development of psychopathology might be 
expressed only under certain environmental conditions. Later interpretations of 
the model also considered the reverse roles of biology and environment (Monroe 
& Simons, 1991). Gene– environment interaction models are one example (Rut-
ter, 2007), such as the now classic Caspi et al. studies (Caspi, Hariri, Holmes, 
Uher, & Moffitt, 2010), which have provided substantial evidence for an inter-
action between the serotonin transporter gene (5-HTT) and exposure to stress 
in predicting depression, such that individuals with a specific variant of this 
gene appeared to be more sensitive to stressors, and therefore, more vulnerable 
to the development of depression. As valuable as they have been, most of the 
gene– environment models have been replaced with or modified in light of trans-
actional models or differential susceptibility models.

Transactional Models of Risk or Vulnerability

Sameroff’s seminal work on transactional models challenges ideas about main- 
effect causes of psychopathology (Sameroff, 1975, 2009). The emphasis is on 
the mutual, bidirectional influences between infants’ domains of functioning 
(e.g., biological) and qualities of the environment (e.g., parent responsiveness), 
and how these influences play out over the course of development.

As one example, as was touched on in the section on temperament, infants 
who are high in the temperament construct of negative affectivity (NA) may 
shape their environments by evoking negative responses from their caregiv-
ers. These transactional processes may, in turn, contribute to the infants’ later 
development of psychopathology. Indeed, in a study beginning in infancy and 
proceeding over 5 years, Pesonen and colleagues (2008) found that although 
the effect of maternal perceived stress on changes in infant negative and posi-
tive affectivity was greater, evidence was also found for the reverse: increases in 
offspring’s NA and decreases in positive affectivity contributed to increases in 
levels of maternal stress. Similarly, research has suggested that adolescents’ past 
disorders increased the likelihood (and number) of future maternal depression 
episodes (Raposa, Hammen, & Brennan, 2011). This research highlights the 
importance of acknowledging the dynamic interplay that exists between infant 
and environment in the development and maintenance of psychopathology.

Differential Susceptibility Models

Diathesis– stress models may place undue emphasis on individuals’ vulnerability. 
In recent findings, individuals with the same allelic variation have been found to 
demonstrate different outcomes dependent on their early environmental expo-
sures. Interestingly, it is not just early exposure to adverse environments that 
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matters but also exposure to enriched environments (Pluess & Belsky, 2013). 
Differential susceptibility models shift the emphasis away from vulnerability to 
adverse experiences toward a notion of developmental plasticity (Belsky, 1997; 
Brune, 2012). The advantage of this approach is that it accounts for not only 
negative consequences from exposure to adverse environments, but also the pos-
sibility of positive consequences from supportive environments, as well as the 
idea that some individuals may be less susceptible to both negative and positive 
influences. Stress response systems play a key role in such models, referred to 
as biological sensitivity to context (Boyce & Ellis, 2005; Ellis, Essex, & Boyce, 
2005).

Origins of infant Vulnerabilities

Up to this point in the chapter, the focus has been on theoretical and conceptual 
understandings of infant vulnerabilities. The following sections outline evidence 
for various sources of influence on infant vulnerabilities, beginning with the 
earliest: during fetal development. Genetic and postnatal influences are then 
discussed.

Fetal Influences on Infant Vulnerabilities

Several infant vulnerabilities may have their origins in fetal development. That 
is, both intra- and extrauterine experiences are increasingly understood to influ-
ence fetal neural system development in ways that may contribute to the devel-
opment of psychopathology. Although such experiences include the mother’s 
drug or alcohol use and environmental toxins (Huizink & Mulder, 2006), this 
chapter focuses on maternal stress and psychopathology. What are the mecha-
nisms that might explain associations between these prenatal exposures and 
infant vulnerabilities? This question has proved to be challenging and find-
ings are still emerging. Proposed mechanisms that have received the strongest 
empirical support include reduced hippocampal volume alterations in the stress 
response system and in systems involved in the capacity to adaptively respond 
to environmental changes, including epigenetic programing of stress regulation 
systems and alterations of the placenta (Bale, 2011; Coussons- Read, 2013; Mat-
thews & Phillips, 2012; O’Donnell et al., 2012).

Building on prospective longitudinal animal studies linking prenatal stress 
to the later development of psychopathology (e.g., Schneider, Moore, & Krae-
mer, 2003), studies of prenatal stress and psychopathology exposures in humans 
have yielded important findings related to infant vulnerabilities to psychopa-
thology. For example, depression in mothers during pregnancy has been associ-
ated with risk for infants’ premature delivery (Grigoriadis et al., 2013), which 
is concerning given that premature delivery is associated with risk for the later 
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development of internalizing behavior problems and attention problems (Talge 
et al., 2010), ADHD (Galéra et al., 2011), and even predicted adolescent depres-
sive disorders in a case- control prospective cohort study (Patton, Coffey, Carlin, 
Olsson, & Morley, 2004).

In the study of prenatal exposures to maternal psychopathology, research-
ers have been challenged to understand the specificity of associations to particu-
lar disorders, or even whether it is general maternal distress that matters. Part 
of the challenge is the high rate of comorbidity between depression and anxiety, 
and the co- occurrence of both depression and anxiety with stress, including, 
as we have found, during pregnancy (Goodman & Tully, 2009). Thus, under-
standing the separate influences of prenatal depression, stress, and anxiety has 
been difficult, and may not be feasible given the challenges of either finding suf-
ficiently large samples of women without the comorbid disorder or correlated 
stress, or of interpreting findings from statistical controls of one such variable 
for the other. Moreover, among disorders in mothers, prenatal depression is not 
alone in its association with prematurity or low birth weight. Anorexia nervosa 
has been found to have similar associations, although inconsistently (see Micali 
& Treasure, 2009, for a review), as has schizophrenia (Nilsson et al., 2008).

In terms of other infant vulnerabilities, beyond prematurity and low birth 
weight, prenatal depression has been found to be associated with infants’ higher 
negative affective temperament (Davis et al., 2007; Rouse & Goodman, 2014). 
Prenatal depression, anxiety, and drinking have been associated with infants’ 
patterns of dampened cortisol reactivity to stressors (Grant et al., 2009; Haley, 
Handmaker, & Lowe, 2006; Keenan, Gunthorpe, & Grace, 2007). More 
broadly, mothers’ cortisol levels during pregnancy, which were associated with 
psychosocial stress exposure, predicted infants’ cortisol levels (Karlén, Frostell, 
Theodorsson, Faresjö, & Ludvigsson, 2013). Higher prenatal maternal cortisol 
levels also predicted infants’ more negative behavior (crying and fussing dur-
ing bath sessions) through 5 months of age (de Weerth, van Hees, & Buitelaar, 
2003). Further, we found prenatal depression to be associated with infants’ 
disorganized attachment (Hayes, Goodman, & Carlson, 2013). This is just a 
sampling of findings on prenatal influences on infant vulnerabilities, with an 
emphasis on prenatal depression.

A closely related topic is fetal exposure to psychotropic medication. About 
half of all pregnancies are unplanned (Finer & Kost, 2011), and rates of antide-
pressant usage among childbearing- age women are high. Thus, women taking 
medications may not realize that they are pregnant, resulting in many fetuses 
having at least early medication exposure. Recent reviews reveal that antide-
pressant exposure is significantly associated with neonatal outcomes such as 
gestational age and birth weight, but effect sizes are small, and appropriate 
comparison groups are not always studied (Ross et al., 2013). Thus it may be 
that women’s history (e.g., age of onset) or severity of depression, both of which 
may be correlated with patterns of medication use, matter more for understand-
ing associations with infant vulnerabilities than the medication exposure per se.
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Genetic Influences on Infant Vulnerabilities

Several vulnerabilities to the development of psychopathology are at least mod-
erately heritable. Support for heritability has been found, typically from twin 
studies, for psychobiological vulnerabilities such as neuromotor abnormalities 
(Gamma et al., 2013), vagal tone (Snieder, van Doornen, Boomsma, & Thayer, 
2007), cortisol levels (see Bartels, Van den Berg, Sluyter, Boomsma, & de Geus, 
2003, for a review), cortisol reactivity (Steptoe, van Jaarsveld, Semmler, Plo-
min, & Wardle, 2009), and frontal electroencephalogram (EEG) asymmetry 
(Anokhin, Heath, & Myers, 2006), as well as for behavioral vulnerabilities such 
as social withdrawal or behavioral inhibition (BI), and negative affectivity (NA) 
(Dilalla, Kagan, & Reznick, 1994). Moving beyond behavior genetics studies, 
candidate gene studies have identified specific polymorphisms associated with 
withdrawn behavior (Rubin et al., 2013). An important caveat is that many 
studies of the heritability of these trait-level vulnerabilities have been conducted 
on adults or older children and may not be accurate for infants. It is not unusual 
for researchers to find different levels of heritability of a trait for different ages 
of children, with heritability sometimes being stronger for younger children, 
but more often stronger for older children. For example, temperament as mea-
sured in neonates (irritability, resistance to soothing, activity level, reactivity, 
and reinforcement value) has been found to have negligible heritability (Riese, 
1990), whereas changes in BI (a component of temperament) from 12 to 30 
months, were more highly heritable, based on higher concordance for monozy-
gotic than dizygotic twins (Matheny, 1989).

Yet it is now well understood that environmental influences profoundly 
alter pathways from vulnerabilities to the emergence of disorder, regardless 
of heritability, and that gene– environment interactions and correlations play 
essential roles (Beauchaine & Gatzke-Kopp, 2013). Moreover, epigenetic 
research has highlighted the importance of considering these environment– 
genome interactions in the study of infant vulnerabilities. For example, prenatal 
stress has been found to decrease placental 11b hydroxysteroid dehydrogenase 
2 (11B-HSD2) and reduce deoxyribonucleic acid (DNA) methylation in the hip-
pocampus and amygdala at the corticotrophin- releasing hormone (CRH) gene 
(Mueller, Brocke, Fries, Lesch, & Kirschbaum, 2010; O’Donnell et al., 2012). 
In turn, both have been found to alter responsiveness of the HPA axis, which 
is discussed in the next section as a vulnerability to the later development of 
psychopathology (Kofink, Boks, Timmers, & Kas, 2013).

Postnatal Influences on Infant Vulnerabilities

Inadequate parenting is the postnatal influence most often cited as imposing vul-
nerabilities to the development of psychopathology on infants. Inadequate par-
enting may be one of the strongest mediators of the association between depres-
sion and other disorders or stressors in parents and their infant’s vulnerabilities 
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to the later development of psychopathology (e.g., Goodman & Gotlib, 1999). 
Although I focus here on depression in mothers, it is important to also be aware 
of similar literatures, such as parenting qualities as mediators of the association 
between marital (interparental) conflict and the development of psychopathol-
ogy (Davies, Sturge-Apple, Cicchetti, Manning, & Vonhold, 2012).

Depression in mothers has reliably been shown to be associated with inade-
quate parenting, albeit often with small effect sizes. For example, we found that, 
among depressed mothers, higher symptom levels were significantly associated 
with less accuracy in interpreting babies’ facial expressions, particularly posi-
tive facial expressions, with a moderate effect size (Broth, Goodman, Hall, & 
Raynor, 2004). In a meta- analytic review of 46 observational studies of parent-
ing and depression in mothers, small but significant effect sizes were found for 
associations between depression in mothers and more disengaged and negative 
behavior, as well as lower levels of positive behavior (Lovejoy, Graczyk, O’Hare, 
& Neuman, 2000). Moreover, child age moderated the association between 
depression and positive behaviors. Specifically, and most relevant for this chap-
ter, the association was significant only for infants under 1 year of age and not 
for children ages 1 to 5 years.

Some researchers have taken the next step of directly testing the media-
tional model, that inadequate parenting explains at least part of the variance in 
associations between depression in mothers and infant vulnerabilities. In this 
model, researchers propose that as depression symptom levels increase, mothers 
subsequently engage in fewer of the parenting qualities associated with healthy 
infant development (e.g., sensitive, warm parenting) and more of the parenting 
qualities known to interfere with healthy infant development (e.g., disengaged 
or harsh/intrusive parenting). These changes in parenting qualities are then 
expected to be associated with infant vulnerabilities. Most important, the pur-
ported mediational role of parenting would be supported by findings that the 
changes in parenting qualities statistically account, at least in part, for associa-
tions between maternal depressive symptoms and infant vulnerabilities.

The model has been supported in several studies of associations between 
depression in mothers and youth psychopathology (e.g., Elgar, Mills, McGrath, 
Waschbusch, & Brownridge, 2007; Goodman & Tully, 2006), but not all stud-
ies find support for mediation (e.g., Hoffman, Crnic, & Baker, 2006). However, 
most of the studies of the mediational role of parenting in associations between 
depression in mothers and child psychopathology have studied older children 
and not infant vulnerabilities per se. Additional studies are needed.

Models of qualities of early parenting as vulnerabilities to the develop-
ment of psychopathology are not limited to depression. For example, Linehan’s 
(1993) developmental model of borderline personality disorder implicates par-
ents’ insensitive response to children’s emotions, especially negative emotions. 
Other strong examples come from social learning theory models for the devel-
opment of ODD and conduct disorder (Patterson, 1982). The effectiveness of 
interventions to enhance parenting qualities in reducing child conduct problems 
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provides further support for the role of parenting qualities (Beauchaine, Webster- 
Stratton, & Reid, 2005).

A more general construct to account for postnatal influences on infant vul-
nerabilities is stress. Stress may explain associations between parenting quali-
ties and infant vulnerabilities. More broadly, stress is an essential construct for 
understanding the context in which infant vulnerabilities emerge (Hammen, 
2002).

Specific Vulnerabilities

What follows is a brief overview of some specific vulnerabilities to the develop-
ment of psychopathology. The focus here is on systems that have been reliably 
measured in infancy and have strong links to later development of psychopa-
thology, although evidence for the latter varies across the vulnerabilities. This is 
not meant to be a comprehensive list.

Neuroendocrine Systems

At the core of the neuroendocrine system is the HPA axis. Among its numer-
ous functions, the HPA axis regulates mood, emotions, and responses to stress. 
In typically developing infants and children, based on studies of cortisol levels 
as an index of HPA activity, it is now well understood that elevations in cor-
tisol associated with short-term stressors are an adaptive stress response and 
function to reestablish homeostasis. Moreover, beginning early in life, social 
relationships play key roles as buffers of stress responses (Hostinar, Sullivan, & 
Gunnar, 2014).

HPA axis activity is strongly associated with the development of depres-
sion and other disorders. Dysfunctional neuroregulatory systems in infants of 
depressed mothers have been proposed as a mechanism to explain risk for the 
later development of psychopathology (Goodman & Gotlib, 1999). By the age 
of 3 months, human infants have adult- equivalent levels of cortisol, the pri-
mary steroid hormone produced by the HPA system in response to stress, and 
are capable of responding to stress. The infant HPA axis has been found to 
be relatively unresponsive to many acute psychological stressors, but moder-
ately responsive to acute physical stressors, although it is important to note 
that effect sizes decrease over the course of infancy, as infants develop a range 
of stress- regulation abilities (Jansen, Beijers, Riksen- Walraven, & de Weerth, 
2010).

At least two models have been proposed for the HPA axis system as an 
infant vulnerability to psychopathology. First, early exposure to stressors, 
whether pre- or postnatal, may predispose children to alterations in their stress 
response systems, which is a vulnerability given implications for later ability 
to adaptively respond to stressors (Gunnar, Porter, Wolf, & Rigatuso, 1995). 
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Second, early stressors, again pre- or postnatal, may reprogram HPA system 
regulation through epigenetic processes. Such processes may alter the expression 
of genes involved in the functioning of the HPA system (Booij, Wang, Levesque, 
Tremblay, & Szyf, 2013), with similar implications for the later development of 
psychopathology.

Consistent with these models, researchers have found some support for 
HPA axis dysregulation in infants as a vulnerability to the development of 
psychopathology (Gunnar & Quevedo, 2007b). In terms of predictors within 
infancy, higher cortisol reactivity to a heel stick in newborns predicted lower 
scores on “distress- to- limitations” temperament at age 6 months (Gunnar et al., 
1995). In terms of longer- term predictions, Gunnar reminds us of some impor-
tant cautions. First, it is essential to take into account normative decreases in 
cortisol reactivity known to occur over infancy, at least among healthy infants 
in low-risk environments (see Keenan, 2000, for a review). Second, HPA axis 
dysregulation associated with early experiences may remit once the adverse 
experience is resolved, explaining at least some of the circumstances in which 
early vulnerabilities may not predict the later development of psychopathology 
(Gunnar & Quevedo, 2007a). Third, among children at relatively low risk for 
the development of psychopathology, individual differences in cortisol reactiv-
ity are likely of low predictive value (Gunnar, Brodersen, Krueger, & Rigatuso, 
1996). Thus cortisol may be most productively studied in infants in high-risk 
environments or who have additional qualities or characteristics imposing risk 
for the development of psychopathology.

Brain Function

It is well established that the left hemisphere is involved in the management and 
expression of positive, approach- related emotional responses to positive stimuli 
and reward and the right hemisphere with negative, withdrawal- directed emo-
tional responses (Fox, 1991). Much attention has been devoted to the study of 
asymmetrical brain functioning, given long- standing evidence for associations 
between relatively greater activation of the right prefrontal cortevx (negative 
asymmetry values) and lower levels of positive affect, higher levels of approach- 
related deficits, and greater vulnerability to depression (Davidson, 1994; David-
son & Fox, 1982). These ideas have fueled numerous studies that included 
measures of EEG, the recording of electrical activity along the scalp, to index 
this vulnerability, including in infancy (Marshall, Bar-Haim, & Fox, 2002). 
Specifically, EEG has been used to measure differential activation of the left 
and right cerebral hemispheres either as a baseline measure or while processing 
positive and negative emotions. In typically developing populations of infants, 
the left frontal region is relatively more active in relation to positive emotions, 
whereas the right frontal region is more active in relation to negative emotions 
(as reviewed in Fox, 1991).



 17. Infant Vulnerability to Psychopathology 405

Studies of resting or baseline EEG asymmetry in infants have also been 
found to reveal individual differences in the tendency to become distressed 
or to show a “depressed” affective style (Fox, 1991). For example, an early 
study found that frontal EEG asymmetry in 10-month-old infants predicted the 
extent to which infants cried in response to a brief separation from their moth-
ers (Davidson & Fox, 1989). Attempts to explain those individual differences 
implicate adverse rearing environments (McLaughlin, Fox, Zeanah, & Nelson, 
2011). For example, Field and colleagues found elevated depression symptom 
levels to be associated with EEG asymmetry in infants as early as 1 month of 
age (Jones, Field, Fox, Lundy, & Davalos, 1997). A meta- analytic review of the 
studies of EEG asymmetry in infants of depressed mothers revealed that the 
association is stronger for younger, relative to older, infants (Thibodeau, Jor-
gensen, & Kim, 2006).

In addition to attempts to predict EEG asymmetry in infants, researchers 
have also examined the predictive validity of these asymmetries, with a focus on 
predicting indices of the development of psychopathology. First, EEG patterns 
are found to be relatively stable both within infancy (Lusby, Goodman, Bell, 
& Newport, 2014) and from infancy to early childhood (Jones, Field, Davalos, 
& Pickens, 1997). Second, EEG asymmetry patterns identified in infants have 
been found to be prospectively associated with the emergence of early indices or 
precursors of psychopathology. For example, infants with relative right- frontal 
EEG asymmetry displayed more stable observed BI over the first 4 years of life 
(Fox, Henderson, Rubin, Calkins, & Schmidt, 2001). Further, children with 
greater left- frontal asymmetry scores at 36 months of age were observed to dis-
play disruptive behavior with an unknown peer at 5 years of age (Degnan et al., 
2011). Given evidence for the stability in EEG asymmetry scores from infancy 
to at least early childhood, it is also relevant that greater right EEG asymme-
try measured in 4-year-olds was associated with 9-year-olds’ lower levels of 
mother- reported emotion regulation skills and higher levels of physiological 
arousal (heart rate and heart rate variability) during a speech task (Hannesdót-
tir, Doxie, Bell, Ollendick, & Wolfe, 2010). Additional support for predictive 
validity comes from a quasi- experimental study in which earlier age at which 
orphaned children were placed into foster care was correlated with increased 
EEG alpha power at 42 months of age (Marshall, Reeb, Fox, Nelson, & Zea-
nah, 2008).

Another index of brain functioning that can be reliably measured in infants 
is the orienting response from event- related potential (ERP) brain recordings. 
Interest has particularly, although not exclusively, focused on the P3 (or P300) 
ERP component, which is hypothesized to reflect attention to stimuli in the 
environment. Even as early as 3 months of age, infants orient to novel stimuli 
(Friedman, Cycowicz, & Gaeta, 2001). In adults, P3 amplitude reductions are 
hypothesized to reflect a genetic vulnerability to a range of externalizing prob-
lem behaviors, and have been associated with children’s disruptive behavior 
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disorders. Additionally, P3 amplitude reductions have been found in offspring 
of parents with externalizing disorders (Iacono, Malone, & McGue, 2003). 
Consistent with the idea that early experiences alter the functioning of neural 
systems, maltreated 15-month-old infants were found to differ from nonmal-
treated infants on ERP responses (P260, P1, and Nc components) to angry rela-
tive to happy facial expressions (Curtis & Cicchetti, 2013).

Autonomic Functioning

Research on the parasympathetic nervous system (PNS), which is a neuroregula-
tory process, has yielded consistent findings in support of the PNS as an index 
of vulnerability to the development of psychopathology, particularly in terms of 
emotion dysregulation. Broadly speaking, the PNS is responsible for the “resting 
state” actions of the autonomic nervous system (ANS). The primary component 
of the PNS is the vagal system, which is understood to play a key role in the 
regulation, expression, and experience of emotion (Porges, 2011). Vagal tone is 
quantified by measuring the amplitude of respiratory sinus arrhythmia (RSA), 
the patterns of increases and decreases in heart rate across the respiratory cycle 
(Beauchaine, 2012; Porges, 2007). Higher amplitude of RSA reflects greater 
cardiac vagal tone. Three key indices of RSA are of concern: (1) low baseline 
RSA, (2) lower RSA suppression (less responsiveness to stimuli, especially emo-
tionally evocative stimuli), and (3) lower recovery. More broadly, RSA reflects 
one’s ability to regulate internal physiological states while responding appropri-
ately to external stimuli. In adults, RSA is concurrently and prospectively asso-
ciated with major depressive disorder (Rottenberg, Clift, Bolden, & Salomon, 
2007; Rottenberg, Wilhelm, Gross, & Gotlib, 2002).

Vagal tone has also been found to be a reliable index of individual differ-
ences in infants’ reactivity (Fracasso, Porges, Lamb, & Rosenberg, 1994) and 
consistent with lab-based observations and maternal report of negative reactiv-
ity (Porges, Doussard- Roosevelt, Portales, & Suess, 1994; Stifter & Fox, 1990). 
Even in 3-month-old infants, patterns of RSA activity are associated with 
behavioral indices of recovery from stress (Bazhenova, Plonskaia, & Porges, 
2001). In 9-month-old infants, high baseline vagal tone was found to be associ-
ated with more behavioral reactivity. In terms of consistency over time, findings 
vary. Specifically, although no significant changes were found in baseline and 
poststress vagal tone in infants prospectively studied at 5, 7, 10, and 13 months 
of age (Fracasso et al., 1994), in a study of 2-month-olds who were seen again 
at 5 years of age, baseline vagal tone was not continuous (there was a significant 
increase), whereas the change from baseline- to-task change (suppression) was 
continuous (Bornstein & Suess, 2000).

Most consistent with the concerns of this chapter, long- standing evidence 
supports vagal tone as an index of vulnerability to the development of psy-
chopathology (Porges, Doussard- Roosevelt, Portales, & Greenspan, 1996). 
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Specifically, vagal tone in 9-month-olds predicted maternal reports of more 
difficult temperament in 3-year-olds, beyond the contribution of temperament 
measured at 9 months (Porges et al., 1994). Further, lower magnitude of the 
vagal tone change score (from baseline to during a challenging task) at 9 months 
of age (less decrease) was significantly prospectively associated with higher lev-
els of behavior problems at 36 months of age on CBCL/2–3 scales indexing 
social withdrawal, depression, and aggression (Porges et al., 1996). At a follow 
up of this sample, when the children were 54 months old, those with behavior 
problem scores (total, internalizing, and externalizing) in the clinically signifi-
cant range were less likely to have shown the expected suppression of RSA dur-
ing the challenging task relative to those in the low behavior problem group, 
although small sample sizes precluded finding statistical significance of these 
group differences (Dale et al., 2011).

Temperament

Temperament is commonly defined as biologically based, early emerging, stable 
individual differences (Rothbart & Derryberry, 1981). Although several promi-
nent researchers in this area have proposed somewhat distinct dimensions of 
temperament, the common themes are activity level, affectivity/emotionality, 
attention, and reactivity (or, conversely, self- regulation) (Frick, 2004; Rothbart 
& Goldsmith, 1985; Shiner et al., 2012). In typically developing infants and 
children, temperament has been a key construct in understanding early emerg-
ing individual differences. Moreover, temperament, especially reactivity and 
regulation, may even originate in fetal development, as evidenced by patterns of 
fetal heart rate and movement (DiPietro et al., 2002).

Of most relevance to infant vulnerability to psychopathology is the idea 
proposed by temperament theorists that some infants may be biologically pre-
disposed to negative emotionality (e.g., Kagan & Snidman, 1999) or to react 
to novelty with excessive fear and autonomic hyperarousal (see Lonigan, Phil-
lips, Wilson, & Allan, 2011, for a review). Among the infant vulnerabilities 
that are the focus of this chapter, temperament is the one that has been most 
often studied for its predictive associations with the development of psycho-
pathology. For example, observed approach and inhibition in reaction to a set 
of low- and high- intensity toys, measured with a lab-based task at 6 and 12 
months, predicted both internalizing and externalizing behavior problems at 2 
years of age, especially for the high- intensity toys (Putnam & Stifter, 2005). In 
a large prospective longitudinal study, internalizing and externalizing problems 
at 18 and 30 months and 4–5 and 8–9 years of age were predicted by profiles 
that classified children’s temperament over the developmental period (Janson & 
Mathiesen, 2008). For example, children whose temperament scores designated 
them to be in an “undercontrolled” profile had significantly higher levels of 
externalizing problems at each age relative to children with other temperament 
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profiles. Similarly, higher NA, measured in the first year of life, was associated 
with more externalizing problems in preschool- age children, although some 
aspects of NA were also associated with preschoolers’ internalizing problems 
(Gartstein, Putnam, & Rothbart, 2012). In the same sample, lower levels of 
infant regulatory capacity/orienting (but not NA) predicted toddlers’ higher lev-
els of depression- like symptoms, although high NA in the subsample of infants 
of mothers with elevated depression symptoms showed higher levels of depres-
sive symptoms as toddlers (Gartstein & Bateman, 2008). Higher NA in infants 
at 9 months of age also predicted 4-year-olds’ higher withdrawal (a composite 
score including lab observations and maternal report), although in boys only 
(Perez-Edgar, Schmidt, Henderson, Schulkin, & Fox, 2008). Showing remark-
able evidence of infant vulnerability to psychopathology, infant temperament, 
specifically the tendency to express negative emotions, has been found to predict 
behavior problems and psychopathology as far forward as middle childhood 
(Bates, Bayles, Bennett, Ridge, & Brown, 1991; Sayal, Heron, Maughan, Rowe, 
& Ramchandani, 2014) and even adolescence (Guerin, Gottfried, & Thomas, 
1997; Teerikangas, Aronen, Martin, & Huttunen, 1998).

In considering temperament of infants as a vulnerability, it is important 
to consider not only how each infant is disposed to experience the world (e.g., 
degree of distress proneness), but also the mediating factors involved in the 
pathway to possible psychopathology. The effects of temperament on the devel-
opment of psychopathology, as with other vulnerabilities, is likely to be depen-
dent on how caregivers (and, later, others) respond to the child’s temperament 
rather than on the direct effects of temperament alone. Although the Goodman 
and Gotlib (1999) model proposes a mediational model whereby mechanisms 
such as inadequate parenting would explain associations between depression 
in mothers and adverse outcomes in offspring, other mediational models have 
also been tested. For example, support was found for children’s internalizing 
problems (mother reported at 4, 7, and 15 years of age) being explained by the 
co- occurrence of negative parenting styles and children’s BI (observed in the 
lab at ages 14 and 24 months; Williams et al., 2009). Infants and toddlers with 
higher BI, who also had mothers with higher permissive parenting style, had the 
highest levels of internalizing problems at age 4 years, although there were no 
significant interactions between BI and parenting in the prediction of change 
in internalizing problems from 4 to 15 years of age. No significant interac-
tions were found between BI and parenting in the prediction of externalizing 
problems. Studies of transactional processes are particularly needed to better 
understand how early temperament and caregiving environments relate to each 
other over time.

Consideration of temperament as a vulnerability to the later development of 
psychopathology raises some intriguing questions. For example, abnormalities 
in circadian rhythms are implicated in the pathophysiology of bipolar disorders 
(Milhiet et al., 2014). Thus, it is possible that key temperament constructs may 



 17. Infant Vulnerability to Psychopathology 409

reveal early vulnerabilities for the later development of bipolar and other disor-
ders.

Associations among Vulnerabilities

Having introduced several different infant vulnerabilities to the development 
of psychopathology, it is important to consider how they might relate to one 
another. One potential unifying construct is emotion regulation (or, conversely, 
dysregulation). Although researchers use different words, phrases, and defini-
tions to capture the construct, a general consensus is that emotion regulation 
refers to the regulatory processes by which emotions facilitate adaptive func-
tioning, both within the child and between the child and others or, conversely, 
that emotion dysregulation will be associated with maladaptive functioning 
(Cole, Martin, & Dennis, 2004). Given this definition, it is clear that many 
of the vulnerabilities relate to the construct of emotion dysregulation, which, 
despite diversity in definitions and measures, has been broadly recognized for 
its associations with the development of psychopathology (Cole et al., 2004; 
Keenan, 2000). Thus, it is not surprising that researchers have been interested in 
how the vulnerabilities relate to one another. Several questions about relation-
ships within and among vulnerabilities have been addressed.

A few researchers have included two or more measures of infant vulner-
abilities within the same study, in order to test hypotheses of their interrelation-
ships. Support has been mixed. For example, baseline vagal tone and salivary 
cortisol, measured both at baseline and in response to a heel stick, were not 
significantly associated in newborns, although behavioral state (e.g., crying) 
was significantly associated with the physiological measures during both the 
stress and recovery periods (Gunnar et al., 1995). During the heel stick, both 
lower vagal tone and higher cortisol were associated with more crying. Other 
researchers have found that individual differences in infants’ responses to mild 
frustrations were found to be associated with vagal tone (more easily frustrated 
infants showed higher RSA at baseline and less task reactivity) and with mother- 
rated temperament (more easily frustrated infants were rated as more active 
and less easily soothed, having higher distress to limitations and to novelty, and 
showing shorter orienting; Calkins, Dedmon, Gill, Lomax, & Johnson, 2002).

Researchers have also tested models in which two vulnerabilities are in a 
moderated relationship with each other in the prediction of later outcomes. For 
example, negative reactivity, measured at 9 months of age by maternal report, 
predicted 4-year-olds’ social wariness only for those who had right- frontal EEG 
asymmetry, also measured at 9 months of age, but not for those with left- frontal 
EEG asymmetry (also interesting: the association was for boys only; Henderson, 
Fox, & Rubin, 2001). Similarly, Degnan and colleagues (2011) found a signifi-
cant interaction between temperament and EEG asymmetry in the prediction 
of social competence with peers at 5 years of age. Specifically, children who 
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showed high, stable exuberance in infancy and when toddlers, based on a lab 
task, were observed to have greater social competence with unfamiliar peers at 
age 5 only if they had left- and not right- frontal EEG asymmetry, as measured at 
36 months. Moreover, having been high in exuberance across infancy and tod-
dlerhood was only significantly associated with externalizing problems among 
those with greater left- frontal EEG asymmetry. Temperament and cortisol have 
also been found to be in a moderated relationship (Perez-Edgar et al., 2008). 
Withdrawal behavior at 4 years of age was predicted by an interaction between 
negative affect at 9 months of age and concurrent cortisol. Specifically, among 
those who had been high in NA as infants, cortisol and withdrawal were signifi-
cantly, positively, and concurrently correlated, whereas for those who had been 
low in NA there was no significant association.

Another index of infant well-being, attachment security, may also play a 
moderating (or mediating) role in associations between adversities and vulner-
abilities. As one example of evidence for moderated relationships, higher levels 
of depressive symptoms in mothers, measured when infants were 2 months of 
age, were associated with lower resting RSA, but only in infants who showed 
disorganized attachment (Tharner et al., 2013). As an example of a mediated 
relationship, maternal history of major depression since the child’s birth was 
indirectly associated with 48-month-old toddlers’ dysregulation problems 
through the toddlers’ attachment insecurity, measured at 20 and 36 months of 
age (Gonzalez, 2010). Crittenden (2009) has written more broadly on the vari-
ous pathways from infant attachment style to the development of psychopathol-
ogy and offers suggestions for future work in this area.

In general, researchers find that combinations of measures of vulnerabili-
ties increase the strength of predictions of the development of psychopathol-
ogy, relative to single indices. For example, among 8-year-olds, those with both 
higher cortisol levels and higher RSA levels showed the lowest symptom lev-
els of depression and anxiety (El- Sheikh, Arsiwalla, Hinnant, & Erath, 2011). 
Equally important is combining indices within a vulnerability. As an example, 
the interaction of resting/baseline RSA and RSA reactivity (to a sad film) pre-
dicted depression in adults with childhood- onset depressive disorder history and 
in controls with no history of major mental disorder (Yaroslavsky, Rottenberg, 
& Kovacs, 2013). Further studies are needed to understand whether infants 
who show multiple vulnerabilities not only are at higher risk for the develop-
ment of psychopathology but also whether the predicted psychopathology is 
more severe relative to infants with a single vulnerability.

next Steps in the Study of infant Vulnerabilities

Early on in this chapter, it was suggested that vulnerabilities precede the onset 
of psychopathology. However, building on the important work on classification 
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and measurement of disorders that may emerge in infancy, it is essential that 
studies test such a model. That is, more studies are needed to test three ques-
tions. First, what is the extent to which vulnerabilities precede the onset of 
psychopathology? Second, what models explain clinically meaningful portions 
of variance in the onset of psychopathology? Third, to what extent do vulner-
abilities explain (mediate) associations between risk factors and the emergence 
of psychopathology? Embedded in each of these questions is an emphasis on 
effect sizes, which allow for consideration that even “small” effect sizes can 
have clinical and public health significance, regardless of statistical significance. 
In addition to this general call, the following are more specific suggestions for 
future research.

Understanding Comorbidities and Correlates

Another challenge noted earlier is how to understand potentially unique influ-
ences of prenatal depression, stress, and anxiety on infant vulnerabilities. This 
has been difficult because of the high levels of comorbidity between depression 
and anxiety, and knowledge that both disorders co-occur in the context of high 
stress levels. For example, in the National Comorbidity Survey, approximately 
75% of adults with lifetime or recent depression also had at least one additional 
mental health or substance abuse diagnosis (Kessler et al., 2005). Thus, large 
samples would be needed in order to identify individuals with depression dis-
order and no anxiety disorder and vice versa, while also including those indi-
viduals with comorbid depression and anxiety as a third group to be studied. 
Similarly, large samples would be needed to ensure a broad range of stress/
distress levels in the latter three groups. A common alternative approach, to 
measure multiple predictors and parse them apart statistically, raises other con-
cerns. Researchers grappling with these issues of comorbidity and correlates 
may benefit from considering qualities that underlie multiple disorders, such as 
those suggested within the research domain criteria (Cuthbert & Kozak, 2013; 
Sanislow et al., 2010).

Future studies should also take into consideration additional common 
comorbidities, such as depression with substance use or abuse, given findings 
such as Kessler et al. (2005), as noted. Also needed are studies that parse out the 
relative contribution of prenatal exposure to antidepressant medication relative 
to mothers’ depression characteristics, such as age of onset and pregnancy levels 
of severity.

The Role of Fathers

It is abundantly clear that the role of fathers has been understudied and, despite 
some recent attention, important questions remain unanswered. More study is 
needed of psychopathology in fathers as an independent variable and also as a 
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potential moderator of associations between disorder in mothers and infant out-
comes (see Edward, Castle, Mills, Davis, & Casey, 2015, for a recent review). 
Also important to understand is the role of father involvement in association 
with depression in mothers, with the potential to buffer the development of 
infant vulnerabilities or interfere with the development of psychopathology even 
in the presence of vulnerabilities. This is only a small sample of the important 
questions to be asked about the role of fathers in relation to better understand-
ing infant vulnerabilities to the development of psychopathology.

Longitudinal Studies

Many of our most pressing questions concern the potential for prenatal and/or 
genetic influences to be modified by postnatal exposures/experiences (Laurent, 
2014). To address these questions, such as the extent to which early experiences 
“program” stress sensitivity or other vulnerabilities, it is essential to conduct 
studies beginning in pregnancy.

An even more basic question that requires longitudinal designs is the short- 
and long-term consistency and predictive validity of the indices of vulnerabil-
ity that we have introduced. Such studies have yielded promising findings. For 
example, individual differences in patterns of change across repeated adminis-
trations of the Neonatal Behavioral Assessment Scale (NBAS; Brazelton, 1984) 
predicted infant outcomes at 18 months of age (Lester, 1984). Others suggest 
the value of repeated measures (Worobey, 1990). Rather than stability of vul-
nerabilities, it may be that changes in infant functioning over time are more 
predictive of later psychopathology. In either case, multiple measures are likely 
to be more valuable than any single measure. Based on this idea, we have been 
examining cross-time as well as cross- situation associations of vulnerabilities 
in infants at risk for the development of depression in relation to their mothers’ 
history of depression (Lusby, Goodman, Bell, & Newport, 2013).

Experiments/Intervention Studies

It is precisely the understanding of mechanisms in the development of psychopa-
thology that will provide key information needed to design increasingly effective 
preventive interventions. Evidence is mounting in support of the effectiveness of 
preventive interventions that identify and target common vulnerabilities for the 
development of psychopathology (Beauchaine, Neuhaus, Brenner, & Gatzke-
Kopp, 2008). Further, an understanding of the role of moderators will provide 
a guide as to where to target these interventions, who is likely to benefit from 
them, when in development to intervene, and so on. Reliable and valid assess-
ment tools are needed to identify both an individual infant’s vulnerabilities and 
his or her competencies; both would inform the design of targeted interven-
tions, to decrease vulnerabilities and support or enhance competencies. Further, 
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an understanding of the developmental course is essential to identification of 
precursors, which might serve as triggers for the introduction of interventions. 
Knowledge of timing of the emergence and course of vulnerabilities will con-
tribute to the likelihood of appropriate timing of interventions. Cicchetti’s work 
to enhance children’s strengths, both cognitive– developmental and psychobio-
logical, provides paradigmatic examples of this approach (Cicchetti, Rogosch, 
& Toth, 2000; Cicchetti, Rogosch, Toth, & Sturge-Apple, 2011). Another 
example of such work is an intervention to improve parental sensitivity in order 
to enhance attachment security, which has been found to have small, but sig-
nificant, effect sizes based on a meta- analytic review (Bakermans- Kranenburg 
et al., 2003). Work on home- visiting services and other early interventions is 
similarly promising. More broadly, next steps in this area of study include using 
knowledge of infant vulnerabilities to design preventive interventions and test 
the potential to decrease the likelihood of the emergence of psychopathology.

Development/Refinement of Assessment Tools

Progress in research and treatment related to infant vulnerabilities to psychopa-
thology is highly dependent on continuing work on assessment tools. The field 
will benefit from enhancements of the reliability and validity of methods for 
identifying vulnerabilities. As discussed earlier in this chapter, refinement of 
assessment tools will also allow for more targeted interventions, based on the 
unique vulnerabilities and competencies of each individual.

Cognitive/Perceptual Vulnerabilities

Although infants are not capable of the level of thinking typically associated 
with cognitive vulnerabilities to depression in adults, an understanding of the 
development of cognitive vulnerabilities suggests some intriguing possibilities to 
pursue in future studies of infant vulnerabilities. For older children, we devel-
oped a measure of children’s perceptions of depression in their mothers (Tully, 
Goodman, & Brooks-DeWeese, 2005). Creative work is needed to develop such 
a measure for infants, to understand how they perceive depression in their moth-
ers. For example, in infants, it is possible that attentional tendencies indicate an 
expectation for particular outcomes. Measures of expectancies or attentional 
biases are promising, as is eye tracking as a measurement tool.

Summary

In conclusion, while much is known about infant vulnerabilities to the develop-
ment of psychopathology, there is much more work to be accomplished. This is 
a sampling of ideas. Longitudinal studies, but also experimental designs, will 
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likely yield the most valuable findings relative to correlational, cross- sectional 
studies, although the latter play an important foundational role. Also needed is 
work to refine our theoretical models. Although our models need to take much 
into account, beyond univariate predictors, statistical approaches are available 
to answer the interesting and important questions.
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The biopsychosocial approach was proposed initially as an alternative to the 
biomedical approach for the investigation of the origin of abnormal psycho-

logical functioning (cf. Engel, 1977). The biomedical approach concentrated 
on specifically biological sources, such as abnormal genes, injury (particularly 
brain damage associated with premature birth, perinatal complications, postna-
tal accidents, or abuse), or exposure to pathogens in order to predict differences 
in functioning. The biopsychosocial approach added social and societal factors 
to the biological account. The social factors included not only the influences 
of parental care, peers, and adult models, but also psychological factors such 
as personal experiences, memories, and the interrelations among the psycho-
logical functions of language, cognition, and emotion. Societal factors included 
socioeconomic status, the media, formal schooling, and cultural traditions, 
pressures, and expectations. The biopsychosocial approach proposed that all 
of these factors should be considered when predicting individual differences in 
the well-being and psychological functioning of the individual (Borrell- Carrió, 
Suchman, & Epstein, 2004; Engel, 1977, 1980). Both approaches had the “med-
ical” focus of identifying predictors of subsequent “abnormal” functioning for 
the purpose of rehabilitation and/or prevention.

Subsequently, the biopsychosocial approach was co-opted as the conceptual 
frame for all developmental research because it appeared to be a solution to the 
nature– nurture dilemma. That is, in this approach, both nature and nurture 
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were contributors to development as a result of some pattern of interaction 
among these factors. Within the biopsychosocial approach, biological, social/
psychological, and societal factors could be examined separately (and then com-
bined) to predict individual differences in psychological functioning. We argue 
that neither the biomedical nor the biopsychosocial approach is particularly 
developmental. Both focus on predicting functional differences among individu-
als at a certain period of their development (most often adulthood, although 
preschool, early school, and teen periods also have received considerable investi-
gation). Seldom are the processes of development traced from a presumed origin 
toward the manifestation of the particular trait or function of interest. Thus, 
what appears to be a developmental study does not reveal the influences that 
directly affect the creation of similarities and differences in the developmental 
trajectories that yield species- typical, group- typical (e.g., culture), or individu-
ally unique traits.

Since both approaches attempt to predict particular types of psychological 
functioning from a specific set of earlier conditions or characteristics (a “devel-
opment to” approach; Michel & Tyler, 2007b), they miss understanding how 
both “normal” and “abnormal” functioning develops. Moreover, although the 
biopsychosocial approach promotes a multidisciplinary perspective in research, 
it fails to provide an interdisciplinary account of human development because 
the contributions from each discipline often are treated as static predictors, 
which can interact as somewhat independent factors. It is presumed that the 
relative contribution of each factor in predicting the outcome describes the mag-
nitude of its role in the development of the trait. However, this multidisciplinary 
approach misses the interdisciplinary account of how the development of any 
trait or function occurs under the influence of multiple dynamically changing, 
interrelated, and mutually influencing factors. These nonlinear coactions are 
not captured by techniques for measuring statistical, or additive, interactions. In 
contrast, the “development from” approach (Michel & Tyler, 2007b) treats fac-
tors affecting the development and expression of a trait as coactive factors that 
mutually influence one another during the development of the trait. We propose 
that an interdisciplinary biopsychosocial framework, which incorporates the 
“development from” approach, can provide a better account of infant develop-
ment and its consequences. Therefore, this chapter is a call for the future con-
struction of an expanded biopsychosocial approach that is both developmental 
and interdisciplinary, and yet continuous with the research reported within this 
handbook.

Before characterizing this new interdisciplinary biopsychosocial frame-
work, we must describe the differences between a development to and a devel-
opment from approach to the investigation of developmental phenomena. Then, 
we identify the strengths and weaknesses of the biomedical approach and com-
pare those with the strengths and weaknesses of the conventional biopsychoso-
cial approach. Finally, we introduce the new interdisciplinary biopsychosocial 
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approach and describe how it builds on the strengths of the other two approaches 
but corrects their weaknesses and encourages changes in the constructs that 
are used to characterize psychological development and the procedures used to 
investigate it.

Development “to” versus Development “From”

From the development to perspective, human (actually, all animals, but we focus 
on human) behavioral traits are the consequence of some biologically determined 
propensities (e.g., natural selection of genes that control the development of neu-
roanatomical mechanisms) interacting with socially and culturally constructed 
environmental events (e.g., working mothers, literacy, geographic separation of 
extended families, enculturation). This focuses developmental investigation on 
seeking the earliest manifestations of the trait and any disrupting factors dur-
ing development. Such “disruptive factors” are used as explanations for how 
“abnormal” traits develop. When “biologically determined propensities” are 
unknown or very complex, biological “markers” of the propensity are sought 
(e.g., salivary, urine, or blood biochemistry, single- nucleotide polymorphisms, 
peculiarities of electroencephalogram [EEG]). In the development to approach, 
experience is unlikely to play a constructive role in the development of any trait; 
rather, the final product is often presumed to be preset as “encoded,” as a “neu-
ral module,” or as a “prewired program” (Bateson & Mameli, 2007). Expe-
rience during development plays either a permissive role (permitting normal 
development) or a disruptive role (interfering with normal development). Know-
ing the genetically controlled propensities for particular traits would mean that 
the experiences of an individual might be controlled to prevent expression or 
permit expression of those traits relevant to a culturally preferred development.

A development from perspective focuses developmental research on how 
the transactions of the individual’s current phenotypic traits with the individu-
al’s current social and physical environment at one phase during development 
results in the maintenance of those traits, their loss, or their transformation into 
different traits in the subsequent phase of development. This transaction contin-
ues through the lifespan. Modern molecular biology supports this development 
from perspective by confirming that gene expression is part of a complex system 
(network) of developmental causes that operate throughout the lifespan to pro-
duce phenotypic variability of traits. Information in the genome is intertwined 
with ecological influences from the environment in different ways and at dif-
ferent periods throughout the lifespan (cf. Gerhart & Kirschner, 1997; Gilbert, 
2006; Kirschner & Gerhart, 2006; Raff, 1996; Schlichting & Pigliucci, 1998). 
Cells are chemical manufacturing plants controlled by an intricate and dynamic 
set of chemical messengers that travel within and between cells to turn “on” or 
“off” the expression of specific deoxyribonucleic acid (DNA) sequences and the 
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production and character of cellular structures and products. This layer of bio
chemical reactions that affect DNA expression is called the “epigenome.” The 
transduction of environmental stimuli into neurobiological processes permits 
“experience” of the individual’s social and physical environment to become a 
part of the epigenome, thus affecting DNA expression (Michel, 2010).

The epigenome plays a major role in heredity, as well as in development 
and health. These epigenomic processes begin before conception during the 
formation of germ cells (eggs and sperm) and continue throughout the life
span. Moreover, whereas we inherit our DNA from our parents, we also inherit 
the environment— including diet (Drake & Walker, 2004; Mennella, Ziegler, 
Briefel, & Novak, 2006), specific social and physical experiences, and habitat 
(West, King, & Arberg, 1988). These inherited environments can alter epig
enome activity throughout the lifespan. Such cross generational communication 
can range from simply altering the environment for future generations to alter
ing DNA expression through epigenetic inheritance to the setting of cultural 
goals and ideals. As Fleming and colleagues (2002) have demonstrated, there 
are multigenerational experiential effects. A mother rat’s caregiving affects how 
her pups, as adults, treat their own offspring. These “grandmother effects” force 
us to begin the investigation of developmental trajectories before the zygote and 
not assume that an individual’s development begins only at conception.

We propose that a development from approach is capable of accounting 
both for the expression of psychological patterns specific to the individual and 
the individual’s culture, as well as patterns common to humans, in general, 
without shifting explanatory constructs or frameworks from individual to soci
ety to culture. Thus, careful analyses of the mechanisms governing developmen
tal trajectories have led to explanations of behavior that incorporate sociocul
tural and physiological information in a synthetic and nonhierarchical manner.

A Biomedical Perspective

Traditionally, the biomedical perspective reflected two misleading notions: (1) 
reductionism, or the notion that complex phenomena derive from a single pri
mary principle; and (2) mind–body dualism, or the notion that mental phe
nomena are separable from the bodily phenomena (Engel, 1977). Reductionism 
requires that psychological functions are understood best by reducing them to 
the functioning of their neural components and these, in turn, would be best 
understood by reducing them to their gene controlled biochemical signaling 
pathways. From a reductionist stance, the psychological functions (language, 
cognition, emotion, and social aptitude) of an individual are treated as conse
quences of neural circuits created by molecular genetic processes. Accordingly, 
genes are considered to provide coded information “blueprints” for all human 
phenotypes (including psychological functions) and the phenotypic development 
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of the individual is a maturational process during which psychological func-
tions unfold or emerge over age according to genetically controlled processes of 
neural “wiring.” The environment (especially in the form of exposure to patho-
gens, brain damage, and physical abuse) can disrupt this maturational process 
but ordinarily is benignly permissive for development. Nevertheless, in cases of 
abnormal development, certain environmental interventions might help to pre-
vent or rehabilitate abnormal functioning.

The weakness of this reductionist perspective has been revealed many times 
but perhaps Roger Sperry (1965, 1980), Nobel Lauriate in developmental neu-
robiology, captured it best:

The molecules of the brain cell [are] obliged to submit to a course of activity in time 
and space that is largely determined by the overall dynamic and spatial properties 
of the whole [neural] cell [which does] not have very much to say about when they 
are going to fire their messages or in what time pattern they will fire them. The 
flow and timing of [neural activity is] governed largely by properties of the whole 
cerebral circuit, within which the given cells and fibers are incorporated, and also 
by the relationship of this circuit system to other circuit systems. Further, the gen-
eral circuit properties of the whole brain may undergo radical and widespread 
changes [as a result of] a shifting pattern of central excitation [opening or priming] 
one group of circuit pathways [having special properties while] closing, repressing, 
or inhibiting other circuit potentialities. Of course, all of the simpler molecular, 
cellular, and physiological forces remain present and continue to operate, but these 
lower level forces and properties have been superseded by those of higher levels of 
organization. However, proper function in the uppermost levels always depends on 
normal operation at subsidiary levels. (1965, p. 79)

Although there has been an expansion of neuroscience and molecular bio-
logical research in the intervening 50 years, Sperry’s characterization of the 
complexity of causality involved at each of the different levels of organization 
in the actions of the nervous system from cells to circuits is still appropriate 
(Michel, 2014; Rose & Rose, 2012).

As Sperry (1980) noted, psychological functioning is dependent on the 
proper functioning of the biochemistry of neural cells; however, this dependency 
is not an example of reductionism. Experiential input from social and physical 
conditions can engender the development of neural systems that can support 
new psychological functions. In that way, psychological functioning (engage-
ment with the social and physical world of the individual) can constrain neural 
functioning. Of course, psychological functioning cannot force neural systems 
to engender phenomena that the system cannot engender. In that way neural 
functioning constrains psychological functioning. However, there is much more 
plasticity in development than is usually considered.

Psychological functioning integrates and incorporates influences from 
the biomechanics of the skeletal– muscular system (e.g., height, weight), the 
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endocrine system (e.g., secretion of protein and steroid hormones), the immune 
system (e.g., cytokine secretions), and the digestive system (e.g., gut bacteria, 
digestive system secretions), as well as the nervous system. Moreover, these dif-
ferent systems are mutually coactive. Disruption of the functioning of these 
components may affect development because, as Kennedy (1992) proposed, 
psychological functioning (particularly behavior) is the physiology of the whole 
individual. And this physiology, in turn, is reflective of, and constrained by, the 
social and physical milieu of that individual. That milieu will be different for 
each individual. Hence, psychological functioning will be individually different 
and that difference will permeate every level of organization and functioning 
of the individual. In turn, that individual’s functioning can affect his or her 
social and physical milieu. Psychological functioning is a collaborative coaction 
among multiple components and such coaction reduces the number of options 
possible within each component according to the particular pattern of coaction 
operative at any period during development.

The valuable aspect of the biomedical perspective is that it recognized the 
important role of physiology in psychological functions. What it missed was that 
physiological systems are intimately and collaboratively coactive (Figure 18.1). 
The nervous system does not interact with the endocrine system— they coact as 
a neuroendocrine system. Indeed, the immune system coacts with both the ner-
vous and endocrine systems. Also missing is the recognition of biomechanical 
influences on psychological phenomena (e.g., size, weight, muscle mass). As Fig-
ure 18.1 illustrates, when determining the consequences of stressful conditions 
on the individual’s functioning, perceptual systems are involved as well as com-
plex coactions of various neural systems (particularly those involved with sym-
bolic and mnemonic functions) along with the endocrine and immune systems.

Measuring cortisol in blood or saliva does not reveal the way other endo-
crines and neurotransmitters modulate (enhance and/or decrease) the influence 
of cortisol on target tissues or the way those target tissues have to be prepared 
by previous physiological processes prompted by the individual’s experience 
with a social and physical environment. Nor does it reveal that the environment 
has rhythms that affect the individual’s physiological rhythms, the secretion of 
cortisol, and the sensitivity of target systems to cortisol. There is too much com-
plexity that is hidden by the simple biological marker but which is relevant for 
understanding the development of the individual’s psychological functioning. 
It is this complexity of causality that is missing from the biomedical perspec-
tive that is its greatest weakness. However, there is an approach (developmen-
tal psychobiology) that reveals that both of the commonalities of psychological 
functioning and traits that occur across individuals that reflect social/cultural 
influences and those that reflect species- typical characters are a consequence 
of the same causal processes operating during development that produce indi-
vidual differences (Michel, 2007, 2013b, 2014; Michel & Moore, 1995; Michel 
& Tyler, 2007a).
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A Biopsychosocial Perspective

The biopsychosocial perspective correctly emphasized that understanding the 
phenomenon of psychological functioning must involve information acquired 
from the multiple levels of organization, that comprise the individual, com-
bined with information from the context within which the individual operates. 
Studying a psychological function by focusing only on the systems of which 
the individual is composed will fail to capture the full causal network of that 

FIGURE 18.1. A schematic of the patterns of relations that exist among the physiologi-
cal systems of the individual that are affected by stress- inducing situations. The schematic 
emphasizes the complexity of collaborative coaction among them. The circulatory system 
permits each system to influence and be influenced by the other systems. From Michel and 
Moore (1995). Reprinted with permission from MIT Press.
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function. Psychological functions and traits can be explained successfully only 
when knowledge of an individual’s component systems (e.g., nervous system) is 
incorporated into knowledge of the systems of which the individual is a compo-
nent (e.g., society; Bateson, 2005). For research purposes, psychological func-
tions may be studied only on a psychological level, a neural level, or a molecular 
level, but the knowledge from each of these levels must relate to one another and 
to the knowledge about the individual’s social and physical milieu (which are 
determined, in part, by the individual’s culture and society).

The psychological functions and traits of the individual operate within a 
complex social and physical milieu of cultural and societal events and condi-
tions (Bronfenbrenner & Morris, 1998). The biopsychosocial perspective cap-
tures those important influences, but fails to reveal how such influences come to 
affect the individual. Obviously, the infant’s psychological functioning operates 
within, and is influenced by Bronfenbrenner’s microsystem, but that microsys-
tem is affected by the behavior, appearance, and biomechanics of the infant. 
Moreover, there is no theory as to how the microsystem is transduced into effec-
tive factors that can operate within the infant’s physiological systems (see Michel, 
2010, for one account). Nor is there any mechanism for how Bronfenbrenner’s 
exosystem and macrosystem can affect each other or the microsystem. Without 
evidence for how transduction occurs across these different levels of influen-
tial factors, the study of development is left with simply identifying “markers” 
of social, cultural, and familial influences (e.g., socioeconomic status, racism, 
nationalism, religious sects, patterns of parental care) that may predict differ-
ences in the outcome of developmental trajectories. Again, this approach, like 
the biomedical approach, does not provide an account of the development that 
permits the use of the same causes for individual differences and social- cultural 
and species- typical commonalities of psychological functioning.

an interdisciplinary Biopsychosocial Perspective

Both the biomedical and the biopsychosocial perspectives support multidisci-
plinary research, but in a very conventional manner. These multidisciplinary 
research designs incorporate different experts (e.g., from neuroscience, molecu-
lar genetics, psychology, education, sociology, and public health) to investigate a 
societally important psychological function (e.g., school failure). Unfortunately, 
this conventional approach is similar to the account of the blind men and an 
elephant. Without strong interdisciplinary expertise, even the best intentions of 
experts can result only in a hodgepodge account that provides little knowledge 
about the elephant.

In place of the conventional biopsychosocial perspective, we propose an 
interdisciplinary biopsychosocial framework that treats an infant’s development 
as a continuous fusion of effects from the social and physical environment, 
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mediated by the sensory, motor, biomechanical properties, and physiognomy of 
the infant. The fusion of these effects across time governs the trajectory of pre-
natal and postnatal development. For analytic research purposes, investigators 
may examine separately biological, psychological, and social properties, and 
their effects on infant development. However, the eventual explanation of the 
development of any psychological function or trait must synthesize the knowl-
edge derived from these different investigations into a coherent account of their 
collaborative coaction. Research must reveal how the transactions of the infant 
with his or her social and physical environment at each phase of development 
results in (1) the maintenance of psychological functions, (2) their loss, or (3) 
their transformation into different functions at subsequent phases (and so on 
through the lifespan). Adopting an interdisciplinary biopsychosocial perspec-
tive for investigating infant development will change conceptual frameworks, 
research procedures, and data analysis techniques because it requires extensive 
longitudinal research conducted by researchers with strong interdisciplinary 
expertise.

Left unspecified in the conventional biopsychosocial (and the biomedical) 
account are the developmental processes that tie the predictors (or markers) 
to the manifestation of psychological functions or traits. Construction of path 
models with measures of societal and biological factors as mediating or moder-
ating contributors to the predictive correlation between earlier and later devel-
oping psychological functions is not an account of how the later function devel-
oped from the earlier function. Detailed trajectory descriptions and analyses are 
needed to identify how different sorts of interventions, occurring at different 
points in development, can shift the trajectory to a societally more appropriate 
path (Figure 18.2). Of course, modeling complex processes can be a daunt-
ing challenge when only parts of the model can be feasibly tested empirically 
with any one investigation. Therefore, the new interdisciplinary biopsychosocial 
perspective for understanding developmental phenomena requires long-term 
systematic and programmatic research projects, not conventional hypothesis- 
testing studies (Kagan, 2013).

implications for Research Procedures

Infancy (roughly the first 18 postnatal months) represents the continuation and 
the consequences of prenatal developmental processes. Since birth involves the 
expansion of the individual’s physical and social milieu, it also contributes to 
the formation of developmental processes essential for setting the trajectories of 
further development that likely affect the psychological functioning of adults. 
Of course, infancy can be a focus of research that has little relevance to develop-
mental issues and questions. Because infants are especially vulnerable to many 
potential dangers to their survival, infants may manifest specific ontogenetic 



436 PART V. THE FUTURE OF INFANCY RESEARCH 

adaptations (Michel & Moore, 1995; Oppenheim, 1984) that relate to particu-
lar problems of infancy, but may not contribute to future developmental conse-
quences other than to ensure that the infant has a future. For this chapter, we 
focus on infancy as a phase in development and do not address issues of onto-
genetic adaptation (see Michel & Moore, 1995, about ontogenetic adaptations).

An interdisciplinary biopsychosocial approach begins with longitudinal 
designs that provide detailed observations of a developmental phenomenon 
in quasi- natural settings in order to identify developmental processes before 
undertaking further manipulative or comparative investigations (Kagan, 2013). 
Not only will this distinguish ontogenetic adaptions from development, but 
also investigation will not be biased by looking for the presence of adult func-
tions in the infant (a problem of the “development to” approach; Michel & 
Tyler, 2007b). The psychological function of interest must be precisely defined 
so that potential differences in its character across development may be identi-
fied. Without precise descriptions, a function can appear not to develop because 
the description fails to detect changes in mechanisms or processes involved in 
the manifestation of the function. For example, the mechanisms underlying 

FiguRe 18.2. Development is a continuous transformation throughout the lifespan. At the 
lowest level of this figure, coaction of different genomes (dark and light smaller circles) 
with their environments (larger ellipses) results in the manifestation of certain phenotypes 
(second level). Trajectory analysis reveals the transitions during development, which affect 
phenotypic development. Such analyses identify when the coaction of individuals with their 
environments results in changes in trajectory, and this prompts investigation into the mecha-
nisms for such change. Copyright 2014 by G. F. Michel. Reprinted with permission.
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performance in number comprehension tasks that rely on differential looking 
times for visually presented groupings of items in young infants may be quite 
different from the mechanisms involved in number symbol manipulation of 
preschool- age children. Failure to identify those mechanisms represents a fail-
ure to discover both how the infant’s ability (sensitivity to looking at different 
groups of items) developed and how that ability is related to the child’s ability.

Initial descriptive knowledge of infant development requires longitudinal 
designs in order to identify and characterize similarities and differences in the 
developmental patterns and pathways (trajectories) among individuals. How-
ever, in order to identify patterns of stability and change in development, these 
longitudinal designs must have a sufficient number of assessments to reveal the 
shape of the developmental trajectory. The frequency of data collection can 
influence the shape of the observed developmental trajectory and, as a result, 
change the description of the developmental pattern (e.g., Ferre, Babik, & 
Michel, 2010; Michel, Nelson, Babik, Campbell, & Marcinowski, 2013). Also, 
selecting the time period between descriptive assessments is critical to what 
may be discovered about the trajectory (Adolph & Robinson, 2008). For some 
psychological functions, weekly or daily assessments may provide a description 
of the function’s development that reveals a different pattern in the trajectory 
from that which becomes apparent with monthly assessments (Michel et al., 
2013). Unless the infant’s development is being tracked into childhood, too few 
assessments during infancy leave the developmental trajectory underspecified 
for effective causal modeling.

Age (time) may be used as part of the description of development, however, 
not as a part of any explanation of development (Michel & Tyler, 2005; Tyler, 
2006). Development is a process. Time (age) is an intrinsic aspect of the descrip-
tion of that process for any ability, trait, or character. Time (age) cannot explain 
how any ability, trait, or character (1) may remain stable across age in the face of 
environmental fluctuation, (2) may be enhanced or diminished across age, or (3) 
may change fundamentally across age. All of these aspects of the developmental 
process require identification of the necessary and sufficient conditions respon-
sible for their occurrence. Removing age as an explanation of development fun-
damentally alters the construct of the critical period such that it prompts the 
investigation of those factors that initiate and end the period, and this permits 
discovery of factors that are nonintuitively related to the development of a trait 
that may, nonetheless, alter the trajectory at other points in development.

With the description of trajectories, the investigator can begin to seek which 
factors are responsible for stability and which factors are responsible for the 
change in a trajectory at particular phases of development. Indeed, some factors 
might facilitate development at certain phases, but hinder it at others. Again, 
investigations of the factors promoting change and maintaining stability require 
examination of the ways that the component systems of the individual relate 
to the individual’s social and physical context. Development is a historical and 
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serially ordered process. Past events and functioning affect current functioning, 
that, in turn, affects future functioning, and so on. Development is a pattern 
of morphological and physiological phenotypes, which is both individually spe-
cific and characterized by species typicality (cf. Gilbert & Epel, 2009; Michel 
& Tyler, 2007a, for details about how species typicality may be achieved). Con-
sequently, developmental research should reveal the factors creating and gov-
erning the serial order of the trajectories and the processes that produce both 
change and stability of that order over time and across individuals (Michel & 
Moore, 1995). The conceptual changes required by the interdisciplinary biopsy-
chosocial perspective affect the description of development and the concepts of 
environment, experience, learning, critical periods, and human nature (among 
others).

Learning, Experience, and Environment

Too often, these three concepts are used interchangeably. Although learning 
is an aspect of experience and experience involves environmental influences, 
these three concepts represent important differences in how they operate during 
development (see Michel, 2010). Learning involves increasing or decreasing the 
frequency with which specific behaviors will occur or how specific behaviors 
are associated either with specific stimuli or with the consequences of other 
behaviors. In all cases of learning, there must be a nascent system upon which 
learning can lead to further development. Left unknown is how this initial 
nascent system develops. Although processes of conditioning, practice, train-
ing, observation, and imitation can be aspects of experience and contribute to 
the development of specific psychological functions, they cannot account for the 
development of the nascent systems upon which these processes depend. The use 
(via learning processes) of these nascent systems often improves their efficiency 
or the competence with which they operate, extends or restricts their range of 
use, converts a vaguely specified system into one that is more precise or detailed, 
or alters the stimuli that can activate the system. Thus, learning can expand the 
relation of a psychological function to new stimuli and other functions, and it 
can facilitate the manifestation and/or maintenance of the function once devel-
oped. However, other factors must operate for the developmental construction 
of a psychological function. Here we are in agreement with critiques of the 
learning theory approach to all psychological development (e.g., Buller, 2005).

In contrast to learning, experience represents the manner by which cer-
tain environmental factors influence the developmental construction of func-
tions (e.g., induction; Gottlieb, 1992). Experience operates only through the 
transduction of environmental influences into physiological processes that, in 
turn, may affect the developmental organization and operations of the nervous 
system and other physiological systems. Transduction requires specific sensory 
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mechanisms that permit certain physical forces (e.g., chemical, mechanical, 
electromagnetic) to be converted into physiological processes that affect neural 
transmission. Experiential influences require that the sensory systems respond 
to physical forces and affect neural activity. Thus, experience is an embodied 
character of the individual.

During infancy, the sensory systems are developing from states of relative 
insensitivity to physical stimuli to states of increasing sophistication in the char-
acter of their sensitivity. However, even their activation during primitive states 
of sensitivity contributes both to their own developing sensitivity and to their 
influence on the nervous system. Because of changes in their developmental 
states, the capabilities of responding to physical forces and of affecting neural 
activity differ for different sensory transducers at various points during the indi-
vidual’s development. Moreover, the development of feedback mechanisms (in 
part provoked by sensory activity) to sensory systems contributes to the devel-
opment of their sophistication in processing complex physical stimuli (involving 
temporal and spatial patterns). Thus, experiential influences can contribute to 
the development of the nascent systems upon which learning depends.

Failure to recognize what a sensory system can or cannot do at any point 
during development can lead to both over- and underestimation of the capa-
bilities of the individual at that point. Different mechanisms may accomplish 
similar functions, but the mechanisms may differ strikingly in (1) the means 
by which they achieve the function; (2) the function’s robustness in response to 
perturbation; and (3) the range of options available for producing variations of 
the function, some of which may result in shifts in the developmental trajectory. 
Auditory stimulation, extensive or insufficient contact, and light stimulation 
can affect the development of many of the infant’s perceptual and other psy-
chological functions (e.g., social relations), sometimes by affecting hormonal 
secretion as well as neural activity. Even the sensory feedback generated by the 
infant’s own actions contributes to the development of sensorimotor programs 
and, perhaps, hemispheric specialization for information processing (Michel et 
al., 2013).

At each phase of development, the individual exhibits specific behavioral 
abilities in coaction with its social and physical environments that can “scaf-
fold” the manifestation of the abilities. The behavior of the individual also 
provides specific kinds of stimulation that become, in turn, experiences that 
influence the individual’s further development. These “circular relationships of 
self- stimulation” (Schneirla, 1957, p. 86) are an important source of psycho-
logical development. For analytic purposes, it may be important to consider the 
individual and his or her environment as separate; however, for the individual, 
there is no separation. Thus, stimulation from three sources (self- stimulation, 
self- generated stimulation, and externally generated stimulation) can provide 
embodied experiences that construct the nascent systems important for the 
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development of psychological functions. Although different, all three types 
of stimulation operate on the developing system in the same manner. That is, 
for stimuli to act as experiences in the individual’s development, they must be 
embodied, or in other words, they must be transduced into cellular processes 
that can affect physiological functioning. Thus, as far as the individual’s compo-
nent systems are concerned, the source of the stimulation is irrelevant.

Environmental influences on development (which must be distinguished 
from experiential influences because they operate without sensory transduction) 
can be divided into two (not mutually exclusive) types: (1) those environmental 
factors that are external to the organismic boundary (epidermis in humans) of 
the individual (e.g., foods, electromagnetic radiations, pollutants, pathogens), 
and (2) any factor in a cell (or that can enter cells) that is not DNA but can 
affect DNA activity (e.g., hormones, neurotransmitters, various proteins, cer-
tain parasites and viruses). These factors can influence development by directly 
or indirectly affecting cellular processes (as part of the epigenome). For exam-
ple, prenatal and postnatal nutritional status can affect the development of the 
infant via its influence on cellular metabolism and its impact on the production 
of growth hormones. Moreover, the nutritional status during the development 
of the infant’s grandparents can affect the infant’s development in many ways. 
These cross- generation effects involve epigenetic processes whereby expression 
of the DNA in the grandparents’ germ cells is altered by their nutritional status 
and passed on to their offspring, and so on.

In addition to environmental, experiential, and learning contributions to 
the development of the infant, researchers have to consider self- organizational 
processes in the development of the individual’s anatomical/physiological sys-
tems. These self- organizational processes contribute to the organization of cell 
types and cellular relations essential for organ formation and many aspects 
of sense organs and neural development (cf. Hoffmann, 2012). In part, these 
contribute to the development of the nascent structures upon which systems 
involved in psychological functioning develop. Although disruptions of DNA 
functioning can alter the course of the developmental self- organization of these 
systems, they are not guided in their organization by DNA expression. Rather, 
the DNA is part of the necessary conditions within which their self- organization 
can emerge (Gilbert & Epel, 2009).

Too often, psychologists mistakenly believe that genes (DNA) contain infor-
mation that specifies the predisposition for psychological traits (“the loaded 
gun”) and the environment affects the extent of their manifestation (“pulling 
the trigger”). Hence, the developmental manifestation of a trait was consid-
ered a consequence of gene– environment interaction. This prompted studies 
designed to examine gene × environment interactions. However, such studies 
do not reveal the influences that directly create the developmental trajectories 
that tie genetic and environmental markers to differences in the manifestation 
of psychological traits (Michel, 2010, 2014).
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Critical Periods

The conventional concept “critical” or “sensitive period” assumes that normal 
development depends on certain experiences occurring during a particular time 
window. Abnormal development arises when these experiences do not occur 
during this time or when unusual experiences occur during this period. More-
over, the concept implies that rehabilitation of abnormal development is severely 
limited once the time has passed. Because the “description” and the “explana-
tion” of development are different, the interdisciplinary biopsychosocial per-
spective requires more investigations into the “how” of development rather than 
further investigation of whether or not there are critical or sensitive periods 
in the development of sensory, motor, cognitive, or socioemotional traits and 
abilities. Only by focusing on the mechanisms of development can ways of “cor-
recting” developmental trajectories, even during later phases, be identified (see 
Michel, 2012, for examples).

Human Nature

Infant research revealed many abilities that do not appear to be acquired through 
learning. The typical response to such observations is to consider the abilities 
to be the products of biological evolution (e.g., Bloom, 2013) and to label them 
as “human nature.” These abilities are sometimes described as innate or core 
abilities. However, the concept of innate has many different implications that 
need not relate to one another and can lead to conceptual confusion (Lehrman, 
1970; Michel & Moore, 1995). The investigation of normally occurring stimuli 
and behaviors in a natural setting is important for revealing the developmental 
origins of species typicality. Thus, the development of a behavior pattern may 
appear “innate” and constant in all or nearly all individuals of a species (species- 
typical) because natural selection combined with the individual’s developmental 
processes to assure the compatibility of the interaction of the individual with the 
species- typical environment. Gottlieb (1992) and others (e.g., Lehrman, 1970; 
Michel & Moore, 1995; Schneirla, 1966) argued that only systematic develop-
mental investigations can reveal the contributions of the species- typical environ-
ment to the manifestation of species- typical psychological functions.

Moreover, what is selected during evolution is not a specific state of the 
individual’s system, but rather mechanisms and processes that can produce a 
range of states in response to a range of conditions. The adaptability of the indi-
vidual creates a range of alternative phenotypes (the norm of reaction; Schlicht-
ing & Pigliucci, 1998) on which selection can operate. The norm of reaction is a 
theoretical construct to prevent investigators from confusing some limited set of 
observed developmental functions with some intrinsic limit- setting conditions. 
The phenotypic norm of reaction for any individual genotype can be known 
only after it has developed in all combinations of conditions and durations of 
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exposure to each of those combinations of conditions. Thus, developmental pro-
cesses harbor an unknown range of variability. Basing evolution on the vari-
ability in developmental trajectories (revealed by systematic investigation) elimi-
nates the teleology inherent in the “development to” evolutionary explanations 
and permits random mutations to eventually help stabilize, but not solidify, the 
development of existing phenotypes.

Since the individual is an organized system, delaying or accelerating the rate 
of development among different features or traits (heterochrony) can ramify to 
affect the development and expression of other features. Heterochrony across the 
development of traits is considered a fundamental source for the production of 
new patterns of organization upon which natural selection can operate (de Beer, 
1930; Gould, 1977). Distinctly different individuals can emerge from altera-
tions in the relative rate of development among specific features or traits. Indeed, 
maintaining or failing to maintain a trait beyond its typical developmental time 
frame can have ramifications on the development and functional organization of 
other traits because the individual is a coherent system. It is these developmental 
mechanisms that create the variability in development that marks the character 
of human nature and upon which natural selection operates (Michel, 2013a). 
However, since natural selection is differential reproductive success, only those 
traits that demonstrably affect reproduction and are reliably transmitted across 
generations can come under natural selection pressure, which will be delimited 
by the developmental options available (Gilbert & Epel, 2009).

Future Directions and Caveats

Investigation of infant development must begin with detailed descriptive data 
collected from direct observation of the infant’s behavior that identify behav-
ior and experiences directly, and not via parental reports or standardized tests 
(Kagan, 2013). Perhaps the common neglect of detailed observational data 
(Kagan, 2013) derives in part from the conventional wisdom that only random-
ized experimental designs can capture causal links among variables. However, 
historical phenomena such as human development can derive causality from 
model construction and testing (much as it is done in modern cosmology and 
physics). Since infant development is a complex process with multiple influ-
ences and individual variations in trajectory, observational data must docu-
ment the correlations among many variables. Fortunately, modern statistical 
programs permit translation of the correlations among many variables into a 
model that represents a causal hypothesis (Shipley, 2000). Building these mod-
els begins with correlations among observational data (typically represented by 
a “directed graph”; Pearl, 2000) in which variables are connected by lines (a 
path analysis). This graph models a causal hypothesis. Competing hypotheses 
can then be constructed and new data must be collected that will permit adju-
dication among these competing hypotheses using either standard methods of 
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statistical analysis, or more modern techniques that compare competing models 
using criteria derived from information or Bayesian theory.

Developmental research traditionally investigates relations between bio-
logical “markers” and psychological outcomes by connecting a modern neuro-
science procedure (e.g., EEG, functional magnetic resonance imaging [fMRI], 
genomewide association studies [GWAS], magnetoencephalography [MEG], 
near- infrared spectroscopy [NIRS], salivary cortisol) with a modern procedure 
for assessing infant psychological functioning (e.g., attachment, behavioral 
inhibition, face recognition, phoneme discrimination, stranger anxiety). Adding 
a biological marker (e.g., salivary cortisol, EEG data) or a social marker (e.g., 
a measure of social class or of exposure to parental abuse) to a psychologi-
cal study does not meet the requirements of an interdisciplinary investigation. 
Indeed, even knowledge of all research on the use of cortisol as a marker of 
adrenal functioning (or stress) is not equivalent to understanding how cortisol 
functions in concert with other hormones, other systems, circadian and other 
rhythmic cycles, immune function, and neural activity. That is the kind of bio-
logical expertise that is needed for comprehending how environmental condi-
tions can become “stressors” for parents that, in turn, can produce differences 
in parental care that affect infant development.

Employing a measure of socioeconomic status or of exposure to certain 
forms of media is not the same as understanding how social status and institu-
tions affect the organization of social relations, or how media is structured and 
disseminated among the populace. The latter is the kind of social expertise that 
needs to be combined with biological expertise for comprehending how these 
factors can become “stressors” for parents that, in turn, can produce differences 
in parental care that affect infant development. Also, it is important to deter-
mine how these macro-, exo-, and microsystems are transduced into factors 
that can affect the infant’s development. An interdisciplinary biopsychosocial 
perspective requires that researchers acquire expertise in two or three systems 
within which the individual functions. Only then will they effectively relate the 
causes operating within and across each system. In this way, several experts can 
combine their overlapping expertise so as to achieve the more synthetic integra-
tion proposed by Bateson (2005).

Conclusions

One prevailing message of this chapter is a plea to study the processes of develop-
ment, rather than predictors and outcomes. Development is a complicated pro-
cess, resulting from multiple levels of influences, including traditionally biologi-
cal (e.g., cellular processes, systemic physiology), psychological (e.g., behavioral 
organization, problem solving, self- differentiation), and social (e.g., habitat, 
cultural traditions, familial dynamics) factors (a biopsychosocial perspective). 
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Instead of studying these levels in isolation or seeking simple “markers” for 
each level, infant behavior should be viewed as emerging from a history of all of 
these continuously changing influences throughout infancy. A simple predictor– 
outcome study, even with markers of social, biological, or psychological charac-
teristics treated as potential mediating or moderating factors cannot capture the 
pattern in an infant’s developmental trajectory. For developmental theory, it is 
the specific character of these trajectories that signify later developmental con-
sequences. Since each infant experiences a unique environment and age (time) 
cannot act upon the infant, grouping and comparing infants by age will not 
reveal the processes contributing to development.

Moreover, in contrast to a multidisciplinary approach, interdisciplinary 
knowledge facilitates comprehension of the ways that various levels fuse to 
shape the trajectory of the infant’s development. Working with this perspective 
places greater emphasis on the “development from” approach (Michel & Tyler, 
2007b) that requires the investigator to focus on identifying how various factors 
affect earlier functions so that they give rise to later functions. Therefore, we 
propose that an interdisciplinary biopsychosocial framework can guide future 
developmental research toward a richer understanding of infant development.
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