-011--I wrote this book and prepared its graphics to describe the results of an extraordinary collaborative project. Thirteen years ago Mavis Hetherington, Robert Plomin, and I set out to merge two perspectives on psychological development: behavioral genetics and family process. We sought to explore a phenomenon that had great relevance for both perspectives: the distinctive differences between siblings in the same family. Robert was just then preparing his very influential review of startling data from behavioral genetics studies. These findings confirmed that siblings in the same family are quite different in personality, cognitive abilities, and psychopathology. Further, environmental factors played a major role in these differences. Even more significantly, these environmental factors shaping differences in siblings in the same family were much more influential than those environmental factors responsible for similarities between siblings. These distinctive environmental factors are now referred to collectively as the "nonshared environment." Behavioral genetics had provided an estimate of the importance of these environmental factors but few clues as to what they might be. They might be physical or social, prenatal or postnatal, random or systematic.

Mavis, Robert, and I thought they might be siblings' differential experience of their current social environment, particularly in their families. That is, even though siblings grow up in the same family and social community, they may experience them differently. We planned a study to explore that idea. We thought of adolescence as a cauldron of social experience that probably left an enduring mark on each youngster's psychological development. Thus, discovering important nonshared environmental influences during this period might provide clues to the origins of important differences among adolescents and adults. We concentrated on the adolescents' household families but also assessed their experience of their extended family, peers, and teachers. In this work we drew heavily on Mavis's long experience in studying the family as a social system. She and her team had developed many measures of the important family subsystems --- marital, parent-child, and sibling --- as well as approaches to assessing both the successful and the problematic aspects of psychological development in children and adolescents.

The most unique feature of our work was our use of siblings who varied in genetic relatedness. We used not only identical and fraternal twins but also, in response to an innovative idea of Robert's, full sibs who had not experienced a divorce, as well as full, half-, and genetically unrelated siblings in step-families. Mavis's extensive experience in studying step-families was essential to fleshing out Robert's idea. Our study design provided information on genetic as well as social factors in adolescent development. We also hoped that by extending our genetic design beyond the traditional use of twins, our findings might be more generalizable, although, as many parts of the book point out, we are still not certain about this.

Thirteen years after beginning this unusual venture, we have concluded that the household family is not an important source of non-shared environment for adolescents. Further, our preliminary assessments of other social worlds of the adolescent have provided few, if any, clues as to what the main source might be. Instead, we have encountered a set of striking findings relating to genetic influences. Indeed, the strongest clues emerging from our work may reflect mechanisms of gene expression and a possible role for family process in these mechanisms that we could not have dreamed of when we began our study.

This book describes our major findings and the significance they may have for psychological development. Robert and Mavis graciously supported my role in writing up these findings. They carefully read and reviewed each chapter and made countless comments and corrections that have strengthened every one. When I began this book more than four years ago, Jenae Neiderhiser had just joined our research group at George Washington University after completing graduate studies under Robert's direction at Penn State and serving as a central member of the Penn State project team, a major component of our multisite collaboration. We invited Jenae to join our efforts to write this book.

When Jenae and I reviewed the scores of publications from our project, we decided against a simple tactic: depending heavily on reusing already-published data to tell our story. Rather, we chose a more difficult strategy, opting to redo all the analyses using the simplest and smallest variety of analytic models that would fit the complexity of all the data. Jenae's leadership of the analytic team supporting this book provided a uniform framework for all the analyses readers will encounter here. Jenae supervised this entire program of data analysis and prepared the appendixes.

The data we analyzed for this book reflect the work of four closely linked research units at four separate university sites. George Washington University, under my direction, was the main site. There, George Howe served as project coordinator for our work in earlier adolescence, and Danielle Bussell organized our work in later adolescence. Each, in turn, had the task of harmonizing the work among all other units. Other critical members of the George Washington unit were Sam Simmens, Victoria Wegener, Katherine Matsey, Jeannette Nearing Steward, David Leidner, Erica Spotts, Mignon Murray, Judy Piemme, Melody Millando, and Elizabeth Carroll.

The University of Virginia unit, under Mavis's direction, developed many of the measures used in this study and performed all the videotape coding, perhaps the most ambitious effort at coding of observed family interaction ever undertaken. All the work at the Virginia site was coordinated by Sandra Henderson. Tracey Law headed the coding team. Other central members of the Virginia team were Ed Anderson and Tom O'Connor. In addition, fourteen graduate students and twenty-eight undergraduates helped to refine the coding procedure and perform the coding.

The Penn State unit, under Robert's direction, played the central role in data preparation and data analysis. Rarely has any data-analysis group faced the challenges of this project: filing, cleaning, and preparing data from more than seven hundred four-member families studied on two occasions, and utilizing data drawn from children's self-reports, parents' selfreports, teacher reports, and coded video data. Central members of the Penn State unit included Alison Pike, Shirley McGuire, Beth Manke, Richard Rende, Heather Chipuer, Michael Rovine, Elana Pyle, and Sylvia Vignetti. Many other graduate students and postdoctoral fellows also provided crucial assistance in the project.

The National Opinion Research Center (NORC) of the University of Chicago collected all the data, using more than fifty interview teams in forty-seven states. NORC achieved excellent levels of cooperation from the families, and the data they collected through interviews, questionnaires, and videotapes were of unusually high quality. This study reflects the first effort to collect and code videotaped data from a nationally distributed sample of families. NORC's experience with collecting data nationwide, using novel data-collection techniques, and their experience in enlisting people for research and interviewing them were essential. The NORC team was headed by Alisu Schoua-Glusberg and Ann Cederlund. The success of NORC's work reflected, as well, the dedication of its interview teams.

Over the four and a half years of its evolution, the manuscript for this book received helpful readings and critiques from Lyman Wynne, George Howe, David Mrazek, Virginia Cohn, Elizabeth Knoll, Jo Ann Reiss, and thoughtful and constructive anonymous reviewers for Harvard University Press. Jerry Weiner, the former chair of George.Washington's Department of Psychiatry, provided me with valuable leave time to write the book.

The project was supported by two large grants from the National Institute of Mental Health (MH 43373 and 48825); Della Hann, as project officer during much of the period of NIMH support, provided important help at many junctures. Our work was also supported by the William T. Grant Foundation, allowing us to add twins to our sample.

Joy Schulterbrandt was the initial NIMH project officer. Indeed, long before this work was funded, she recognized the potential of this project. She arranged a conference on the nonshared environment at the Center for Advanced Studies in the Behavioral Sciences in Palo Alto; the conference convinced Robert, Mavis, and me that this study was essential. Joy encouraged us to plan this project and came to George Washington for the very first meeting of our fledgling research team. This book is dedicated, with gratitude, to her, not only for her assistance to this project, but also for her visionary support of family research during her distinguished career at NIMH.

The completion of this book is also a tribute to an extraordinary synergy of talent, enthusiasm, and dedication, along with grueling and meticulous work by our large team. It has been the privilege of a lifetime for me to be a part of this effort. (David Reiss.)

003--New research studies of the effects of genetic factors on adolescent behavior suggest, however, that the conclusions of psychosocial research on adolescent differences may have to be revised for two reasons. First, data indicate that genetic influences are much more important in adolescent development than previously thought, substantially affecting many aspects of adjustment, such as self-esteem, cognitive ability personality, and psychopathology. More important, different studies suggest that adolescents' genes influence how they are treated by others in their social world. Factors such as parenting, the quality of sibling relationships, and characteristics of peer groups are all affected by young people's genetic profiles.

005--For example, the same genetic factors that influence antisocial behavior in adolescents are those that influence the amount of harsh parenting they receive. This is true if we measure harsh parenting and antisocial behavior at the same point in time or three years apart. Chapters 10 and 11 report many of these findings, which imply that the associations reported by environmental researchers between measures of adolescents' social relationships and their development may not be an indication that these relationships cause or influence development. This is true even of the vaunted longitudinal associations in which researchers predict developmental outcome on the basis of prior measurements of the environment. At the center of these new findings is a phenomenon that behavioral geneticists call gene-environment (GE) correlation, which refers to the regular association of specific genetic factors with certain environments.

Behavioral genetics provides a second set of findings that questions conclusions drawn from psychosocial research. Genetic studies provide challenging information about environmental influences. These genetic studies confirm, in substantial measure, that environmental influences remain important in shaping differences among adolescents. As will be shown, genetic designs permit an estimate not only of the heritability of a particular developmental outcome, but also of the magnitude of environmental effects. Adopting a term from behavioral genetics, we refer to the sum total of these environmental effects as environmentality. Behavioral genetics research suggests, however, that almost all these environmental effects must be circumstances that are different for siblings in the same family. The sum total of these sibling-unique effects on psychological development is now known by the term nonshared environment. An example of a sibling-unique effect contributing to the nonshared environment might be a family in which a depressed mother withdraws from one of her children but not another, or in which one child is exposed to a terrifying or disorganized neighborhood while a sibling is protected from that neighborhood by parents or other adults.

009--First, the data suggest that parent-child relationships are, as psychosocial researchers have concluded, still central to adolescent development. But our findings, along with those from other genetic studies, suggest a very different reason that this may be the case: adolescents share exactly 50 percent of their genes with their parents. Much of what psychosocial researchers interpret as evidence for the social influence of parents on children may be ascribed to this genetic relationship.

Second, the role of genetic factors in shaping links between parental and child behavior may help us understand the influence of social processes in a new way. The data suggest --- but do not prove --- that these social processes may be part of a mechanism by which genetic factors influence adolescent behavior. It now seems entirely possible that particular genetic differences among adolescents cause their parents, as well as their siblings and friends, to respond to them in a certain way. It also seems possible that these evoked responses play an additional role in adolescent development. That is, genetic factors initiate a sequence of influences on development, but certain social processes are critical for the expression of these genetic influences. Indeed, we present preliminary evidence that specific genetic factors may be linked to specific relationships within the family.

Third, the data from our study mostly confirm previous genetic findings that suggest we must pay special attention to the social relationships that are unique for each sibling in the family if we are to understand the impact of social relationships on adolescent development, above and beyond genetic influences. The data strongly suggest that these sibling specific, or nonshared, experiences are not straightforward. In some cases they may be experiences that are not only special for siblings but unique for each family as well. In other cases complex situations within families may cause the social experiences of one sibling to undermine or protect the other. 

016--Darwin, however, clearly recognized the role of environmental challenges in the emergence of species. Galton, too, appreciated the role of social forces. Indeed, in the final chapter of Hereditary Genius he provides an extended discussion of how social and cultural factors alter the distribution of hereditary factors in a population through age of marriage.

Because early researchers emphasized either external or internal forces in the shaping of individual differences, the search for the social and genetic roots of such differences proceeded along two different tracks for nearly a century. Each perspective developed its own logic for drawing inferences from data. Even more important, each developed its own community of researchers whose terminology and technology often seemed designed to prevent rather than promote the exchange of ideas between the two intellectual communities. The two perspectives were even further alienated when genetic data were misused in the service of anti-Semitism, the persecution of the Gypsies, and racism in America and elsewhere.

Genetic influence on intelligence, self-control, sexual behavior, and personality remains a very hot topic, mainly because social forces outside the research community have tended to seize on genetic data to prove or disprove primitive racial and sexual theories. But even researchers themselves, most of whom have tried to stay above the fray, have wittingly or unwittingly exacerbated the split between the two lines of analysis. From Galton's time forward, genetic researchers have displayed an almost studied naiveté about social processes. Indeed, even allowing for the times in which he worked, it is difficult to read Galton's magnum opus, Hereditary Genius, without being appalled at its racist overtones.

A more telling example of this naivete can be found in the history of the twin method in behavioral genetics. As the next chapter shows, this method, which was first introduced in 1924, was built around the equal-environment assumption that parents and others treat identical twins more or less as equally as they treat fraternal twins. As almost any parent of twins could attest, this assumption is absurd. It was not critically examined by geneticists until the family therapist Don Jackson wrote a withering critique of genetic research and the equal-environment assumption in particular. This sophisticated review was part of a trend whereby geneticists started to improve their methods, but it is more important as an indicator of just how easy geneticists made it for researchers in other fields to dismiss their entire corpus of work.

If geneticists were myopic, most researchers of the social environment --- with notable exceptions --- were densely blind to the emerging fields of quantitative, population, cytological, and molecular genetics. A toxic mixture of ignorance, obliviousness, and myth-making kept almost all research on psychological development free of genetic inquiry. Many social researchers were, of course, keenly sensitive to the serious misuse of genetic data and ideas by racists and demagogues. Others, however, could not extricate themselves from a myth of biological determinism. If a human trait is heritable, they believed, it is fixed at birth and cannot be influenced by upbringing, education, or social policy. As will be shown, dramatic evidence to the contrary has been readily available to researchers and lay persons alike for at least forty years. One of the most conspicuous examples of the effect of the environment on genetic influence is the very successful dietary treatment for the highly heritable mental deficiency caused by phenylketonuria.

Today, thankfully, this climate is changing. Various efforts at reconciling these two important research traditions are under way. One such example is the project that inspired this book. Funded by the federal government, our study received enthusiastic support from many review panels consisting of geneticists as well as psychosocial researchers. This climate has encouraged more wishes than accomplishments, however. Indeed, there is still no clearly established way to integrate genetic and social data into a common or integrated understanding of development. This book is an effort to define one approach to this reconciliation. The arguments we advance rest on the following tenets:

# Hard facts are difficult or even impossible to come by in the behavioral and psychological sciences. Thus we draw reasonable inferences from data that are often collected under less-than-ideal circumstances.

# These inferences can be understood only if we understand the scientific reasoning behind their formulation, including the assumptions behind the design of a research project, the way its data are analyzed, and how those data are used to make generalizations.

# Both the social and the genetic analyses of development are becoming mature sciences, and their logical research principles can now be described clearly. They have produced impressive results that often generalize across many studies and have been converted into practical applications of great benefit to children, adolescents, and adults.

# 
Bringing together genetic and social analyses for understanding adolescent development is an enterprise not in comparing "facts" but rather in comparing the logical principles of the underlying research.

#
 This comparative analysis reveals very important overlaps between the two scientific endeavors. Indeed, social researchers anticipated in their own work findings that emerged with much greater clarity in genetic research. For example, social researchers have detected many instances in which individual attributes of teenagers seem to shape the social relationships in which they become engaged. This phenomenon was pursued and illuminated quite dramatically by genetic researchers in subsequent studies. The impact that teenagers have on how they are treated by parents, sibs, peers, and teachers forms a cornerstone of a new developmental theory of adolescent development to which both social and genetic researchers can now make a truly collaborative contribution. Alternately, genetic research opened new avenues for social researchers and enhanced the importance of the logical principles undergirding their central efforts. For example, genetic research pointed to differences in how siblings in the same family were treated by parents, sibs, and others in their social world. The specific nature of these differences, however, can only be determined by social research.

These tenets lead us to propose a reconciliation between social and genetic analyses that starts from a clear understanding of the logical principles of research in each area. Significantly, almost all the logical principles of genetic analyses have analogues among the logical principles of social analyses. We present these principles in two ways. In this chapter and the next two we summarize some of the central logical principles of social and genetic analyses of development and provide illustrations of their use.

We then review most of these logical principles a second time in Chapters 7 through 13. We also report the findings of our study, which are based on those principles. In the course of discussing these data we continue our efforts to reconcile them with comparable findings from more common consensus is that experiments reflect a very effective logical principle for designing research projects on psychological development but that their use is limited by practical and ethical factors. As a result, students of human development must often depend on observed associations between independent and dependent variables. For example, researchers on children and adolescents have noted an association between divorce and behavioral and academic difficulties in children. More specifically, children of divorced parents show more difficulties than children whose parents are not divorced. A typical study in this genre will identify one group of children whose parents are currently divorced and a second whose parents are together. The researcher will then compare children in these two groups using measures of academic performance, social competence, and psychiatric symptoms. Because their status --- as children of divorced parents or not --- and their psychological competence are measured at the same cross-section in time, a study of this kind is called cross-sectional.

Many researchers conclude from such data that divorce causes or influences the psychological status of the children of the divorcing couple. But the reverse may actually be the case. Very difficult, misbehaving children may add a substantial burden to marriage and contribute to its collapse.

044--This chapter continues to lay out the logic of psychosocial and genetic studies. It centers on three fundamental logical principles in drawing inferences from genetically informed designs. First, it clarifies that samples in behavioral genetics always consist of twosomes: twins, siblings, or parent-child pairs. Samples in psychosocial studies, by contrast, are typically constructed of single individuals. Second, it summarizes how genetic inferences can be drawn from twin and sibling designs and from adoption designs. Just as with psychosocial designs, however, there are problems in drawing unambiguous inferences from these methods, and we review some of these in this chapter. Third, the chapter describes how genetically informed designs are a rich source-of data on the nongenetic influence of the environment.

The study of the heritability of behavior is as old as history. For example, it has been known for thousands of years that dogs can be bred for temperamental and behavioral traits, and to this day selective breeding of animals remains an important part of studies of the genetic influence on behavior. During the last century and a half, many new approaches have added to our understanding of the role of genes in both animal and human behavior. These include evolutionary theory, population genetics (the study of factors that alter the frequencies of genes in populations), and --- most recently --- the direct study of DNA and RNA using the tools of molecular genetics. But the branch of genetics that is currently most relevant for studying adolescent development has been termed for some years "quantitative genetics." This field of inquiry asks a simple but fundamental question: What role do genes play in accounting for differences among individuals in areas such as personality, cognitive abilities, or psychopathology? More recently, researchers in this field have expanded their inquiry to include understanding not just individual differences at a single point in time, but also differences in how individuals develop both skills and deficits across time. This new and highly relevant approach may thus be called quantitative, developmental behavioral genetics.

Genetic Differences among Individuals with Behavioral Differences

Quantitative, developmental behavioral genetics is concerned with differences among individuals within large groups or populations. It asks what proportion of these differences are due to genetic differences among individuals. For example, suppose we are interested in differences among adolescents in antisocial behavior in the population of the United States. To begin with, we need a sample of adolescent research subjects that is reasonably representative of this population. Then quantitative behavioral genetics can estimate the proportion of the differences in antisocial behavior in this adolescent sample that can be attributed to genetic differences among them. This proportion is the heritability and can vary from 0 to 100 percent, with 100 percent implying that individual differences in behavioral patterns among members of a particular population are attributable entirely to genetics, a circumstance that is unheard of in this area of research. Conversely, most behavior patterns that have been studied --- personality, cognitive abilities, psychopathology, and others --- show at least moderate heritabilities.

Quantitative, developmental behavioral genetics deals with the sum total of genetic influences, from one gene operating alone to produce a particular developmental outcome, to many genes operating sequentially or simultaneously to do the same. But quantitative behavioral genetics cannot identify individuals who have particular genes; nor can it estimate the genetic liability for behavioral disorders or for positive developmental outcomes for any single individual. There is a precise analogue to these logical principles in psychosocial studies.

050--Nongenetic factors may contribute to stable differences among individuals, however, and genetic factors may contribute to change in individual characteristics. Thus psychosocial studies can only speculate about genetic influences. In contrast, genetic analyses can provide more secure estimates of the magnitude of genetic influences as well as environmental 
and nongenetic influences on any measure of adjustment.

051--Once individuals are endowed, at fertilization, with their complement of 100,000 genes, only unusual or destructive events alter those genes. The new gene therapies are unusual efforts to produce positive alterations of genes in certain cell lines. It is clear that behavioral patterns of individuals or of those in their social world cannot, under usual circumstances, influence their own particular complement of genes: in this sense genes are a primary cause, and all biological and behavioral events in any individual are subsequent to them --- a clarity of causal ordering unknown in other branches of behavioral science.

# Gene expression is not foreordained, however, and the degree to which many, if not most, genes express themselves in behavior or other observable manifestations depends on many factors. Some of the molecular mechanisms that regulate gene expression have now been worked out. As will be shown, it is now plausible that psychosocial processes are also part of the chain of events by which genes express themselves in behavior. Because these variable mechanisms of gene expression are so important for so many genes, almost certainly those that regulate behavior, behavioral genetics findings do not support notions of strict biological determinism. Just because a behavioral characteristic is heritable does not mean that if certain genes are present the behavior will always occur. Natural variation in the operation of genetic expression may mean that in many cases the behavior of some individuals will not reflect the genes that put many others at risk for certain behaviors. Similarly, a full understanding of the pathways of genetic expression would allow us to use planned interventions to enhance the effect of positive genes and suppress the effects of negative ones. Again, in the area of behavior these interventions --- once perfected --- are as likely to be psychosocial interventions as biological ones.

053--In almost all these cases, there is some interconnection between the blood supplies of the two twins. In between 5 and 25 percent of cases the blood of one twin, called the donor, flows to the other twin, the recipient. This is called "twin transfusion syndrome" and can lead to significant differences in hemoglobin level and birth weight between the identical twins and may constitute the first chapter of nonshared environmental experiences, in this case the nonshared intrauterine environment.

054--Recently, more convincing tests of the equal-environment assumption have been carried out. One approach takes advantage of variations in both similarities in fraternal twins and inaccurate obstetrical diagnoses. Both of these factors lead some parents to believe that twins who are biologically fraternal are identical and vice versa. Two studies have shown, however, that the estimates of heritability are about the same for correctly labeled twins as for incorrectly labeled twins.

Even more convincing are recent studies comparing identical and fraternal twins who have been reared apart. Let us imagine a twin pair, A and B, separated soon after birth and raised by adopting families, also A and B, who have no contact with each other. The key question concerns the similarity in rearing practices of adopting families A and B. There is no reason to believe families A and B will treat their adopted twin more similarly if their adopted child happens to be an identical twin rather than a fraternal twin. Even if they know they have adopted an identical twin, family A and family B have no way of coordinating or even knowing about each other's rearing practices. Thus, it is crucial that heritability estimates in studies using twins reared apart are comparable to those in which the twins are reared together. It should also be noted that uterine circumstances such as fetal transfusion syndrome are environmental factors that are less similar for identical twins than for fraternal twins and would lead to underestimates of genetic influence by the twin method.

060--Critics of adoption studies have raised three major objections to this type of research. The most important cuts to the core of the studies' logic: Do adoption agencies intentionally and successfully match characteristics of the biological parents giving up their children for adoption with those of the adopting parents? For example, would an agency worker be inclined to find an adopting parent who was a doctor or a lawyer if the biological mother was herself at the same occupational level or, if the mother was a teen, if her father was at that level? This practice, known as "selective placement," could account for similarities between biological parents and their adopted-away offspring and masquerade as genetic effects. Fortunately, selective placement can be estimated if the researcher has sufficient information about the biological parents, the grandparents of the biological parents, and the rearing parents. In well-designed studies the effects of selective placement are trivial.

Seventy years ago, when adoption studies were first used, this question of whether adoptive families are like "average" families might have had real force. Even thirty years ago, when the first adoption studies in the field of schizophrenia had a monumental impact on psychiatric research, this question still had some meaning. Now the concept of a "typical" family is nearly meaningless. With the number of never-married mothers increasing and divorce and remarriage continuing at a high rate, there is no typical or standard family that is an obvious comparison group. Nonetheless, some systematic comparisons have been made between the parenting practices and family environments of adopting families, on the one hand, and those of two-parent families with biological children, on the other. Differences between these two groups of families tend to be small or nonexistent. Where differences are found they are as likely to indicate greater involvement of adoptive parents in child-rearing efforts as to indicate less involvement. For example, in one study of families with young children, adoptive families showed greater maternal involvement as well as restriction and control than did nonadoptive comparison families.

The question of variability in the level of competence in adoptive families is more open. It is important to note that recent adoption studies have found a great range of competence in adoptive families. Indeed, some adoptive parents show relatively high rates of legal, marital, and psychiatric problems, whereas others show very low rates.

The third important objection to adoption studies returns, again, to the womb. Various aspects of maternal health can influence fetal development. The most notable and best-documented are the fetal effects of substance abuse, such as nicotine, alcohol, cocaine, and heroin. Substance abuse during pregnancy is associated with a broad range of problems and adverse circumstances faced by the mother, and the impact of these substances on the fetus may masquerade as a genetic effect. A partial solution to this dilemma is to compare correlations between attributes of fathers and their adopted-away offspring with the same correlations for mothers and children. Indeed, a comparison of this kind is one way of separating and then estimating prenatal effects in contrast to genetic and postnatal effects on development. In some cases of adoption, however, the paternity of the adopted-away child may be uncertain. Further, biological fathers are often difficult to recruit into studies for direct assessment. One of the major adoption studies in the United States recruited only about 20 percent of an eligible sample of biological fathers. Often police, welfare, and health records can be used to fill in some gaps, particularly in countries like Sweden, where such records are very comprehensive.

In addition to these objections, which apply to adoption studies conducted over the last four decades, critics point to radical changes in the adoption process itself in recent years. In particular, birth mothers often choose the families that will adopt their children, and, whether or not they influence the choice, they often maintain some kind of contact with the adopting family. Thus, adoptive parents and even the adopted children may gain a clear impression of important psychological characteristics of the birth mothers.

Moreover, it is possible that some birth mothers may, for a while, play some ancillary role in rearing their own children. The adoption design should provide a firewall preventing the transmission of psychological characteristics of birth parents to the adoptive family --- except via the child's genes. A more open adoption process may confound this aim.

As part of an extended pilot study in preparation for a new adoption study, David Reiss and Jenae Neiderhiser, along with a number of colleagues at the University of Iowa, Iowa State University and the Oregon Social Learning Center, examined the consequences of these recent changes in the adoption process. Unpublished data provide substantial reassurance, at least for adoption studies focusing on very young children. Although most birth mothers do play a role in selecting the adoptive family, they tend to pick families unlike themselves and their own family: there is little or no correlation between their own characteristics and those of the families they choose. Further, although many adoptions are open and both birth and adoptive parents wish to keep in touch, there is, in fact, little contact between them, and even this rapidly diminishes over time. Moreover, variations in this contact have little or no effect on the association between birth-mother characteristics and child characteristics, as reported by parents. Finally, although adoptive parents who have contact with birth parents do form an impression of the biological parents, this impression appears to have little effect on the association of birth-parent characteristics and adopted-child characteristics.

Siblings, Adoption, and the Environment

Convention in science can be as heedless as it is in other human affairs. Thus it is more tradition than logic that has led most researchers to see evidence for genetic influence alone in twin, sibling, and adoption studies. In fact, these same research strategies provide an even richer picture of nongenetic environmental factors influencing development. Indeed, it is this feature of genetically informed research designs that prompted us to undertake the social and genetic analyses of adolescent development described in this book. Further, this use of genetically informed designs is crucial to our analyses and conclusions. We describe this approach later in this chapter and in subsequent chapters. Here we present three important concepts about the environment that are derived from twin, sibling, and adoption studies: environmentality, nonshared environment, and shared environment.

065--. . . adopted away from parents whose occupational ratings placed them in a low social class with unskilled laborers and farm workers. Half these children were reared by parents whose occupations placed them in a high social class with, for example, physicians and professors. A comparable group of children given up for adoption by upper-class parents had been adopted into two different groups of rearing parents, lower and upper class. The social class of the biological parents presumably is strongly associated with their intelligence, which many studies show is highly heritable. As expected, no matter what their rearing experience, adopted-away children of lower-class parents had lower IQ scores than children of higher-class parents. But the IQs of adopted children raised in upper-class homes, presumably rich in intellectual stimulation, were also much higher than those of children raised in lower-class homes. In fact, in these unusual circumstances, the effect of rearing was equal to the presumed genetic influence of the biological parents.

Second, the area of gene expression makes it clear that environmental factors are more important than might be implied by environmentality. Environmentality refers only to those environmental effects on development that are entirely independent of genetic differences in individuals. Genetic factors may, however, initiate differences in certain chains of development that require many environmental links before they are complete. Data we present later in this book, for example, suggest that heritable personality traits of adolescents may disrupt their relationships with their parents. These disrupted relationships may be a crucial step in the process whereby the personality traits evolve into serious antisocial behavior.

NONSHARED ENVIRONMENT Genetically informed designs have given special importance to siblings and environmental influences. In most studies genetically unrelated siblings are little more alike than two individuals picked at random from the population. This is true whether researchers measure cognitive skills, personality traits, or many forms of psychopathology. This is a remarkable finding when one considers that these siblings have grown up in the same family for many years. It is reasonable to expect that some general stamp of this common experience should leave its mark on most or all siblings in a family. Similarly, most studies of identical twins --- whether they are reared together or reared apart --- show that there are substantial differences between them. Such differences could occur only if environmental factors influencing the development of one identical twin were different in some way from factors influencing the other. Again, these differences can include intrauterine and postnatal influences and maybe also intra-familial as well as extra-familial influence.

Taken together, these findings from genetic studies argue that each sibling in a family develops in his or her own social world, and that it is the differences in these social worlds that matter most for psychological development. During childhood, differences in how parents treat children may be most salient; during adolescence, differences in peer groups might be important; and during adulthood, siblings may marry spouses who differ on many characteristics. Preliminary evidence supports all these as important components of the nonshared environment.

071--SALIENT MEASURES OF ADJUSTMENT In order to reconcile their approaches to adolescent development, both psychosocial researchers and geneticists need to agree on the aspects of adjustment they seek to understand. To a limited extent they have already done so. Both groups, for example, have an interest in antisocial behavior and depression. In the area of adolescent personality development, however, psychosocial investigators have focused on two broad aspects of adjustment that have rarely been investigated by geneticists: (a) the adolescents' appraisal of their own competence in several areas, along with their feelings of general self-worth; and (b) the adolescents' appraisal of their position in their social world, including friendships, sex roles, current and future occupational activities, and religion. The former grouping is usually referred to as "perceived self-competence," and the latter, following Erik Erikson, as "identity formation." Psychosocial researchers have selected these areas because they are intimately related to the major developmental tasks of adolescence.

074--Fortunately, geneticists have developed statistical models for computing all possible comparisons here (fifteen in all) and comparing them with those generated by genetic expectations. If the observed pattern closely conforms to that expected by genetic theory, then this computational procedure will yield high heritability estimates. Throughout the rest of this book we refer to these estimates of heritability, derived from all possible comparisons among groups, as model-testing heritabilities. The genetic models estimate the percentages of differences among individuals in a population that are due to genetic differences; they also estimate differences among adolescents that can be attributed to nonshared and shared environments. The model also computes the likelihood that such estimates are due to chance. In general we report only estimates that are likely to be due to chance fewer than 5 times in 100. Usually such estimates are noted with one or more asterisks or an indication of chance probabilities (p < .05). Thus Figure 4.1 presents the correlations within each group that we actually observed. The box shows the model-testing heritability, shared and nonshared environmentalities, and the probability that any of these estimates reflect simple chance findings.

081--This simple point is, by itself, very important because it sets limits on developmental theorizing: these data suggest that no developmental theory accounting for this observed association between verbal IQ and self-perceived scholastic competence can exclude genetic mechanisms.

Within that major constraint there are three developmental theories that could explain these data. Genetic factors may have a direct and relatively early impact on verbal IQ. Differences among children on this measure then influence the quality of their schoolwork and other intellectually challenging activities, which, in turn, influence their own perceptions of scholastic competence. Or it could be the other way around. Genetic factors may influence more directly self-perceptions of abilities, encouraging children to take on intellectually challenging circumstances, which, subsequently, enhance their verbal IQ. Or genetic factors may influence a characteristic of adolescents we did not measure, which, in turn, influences both verbal IQ and self-perception of scholastic competence. This is yet another version of the third-variable problem discussed in Chapter 2. Later in this chapter and in subsequent chapters we present genetic models that help to unravel these possibilities.

Step 2: Clarifying Mechanisms That Link Adolescents' Social Worlds and Their Adjustment

Given that characteristics of youngsters most likely influence the social world in which they live, it is reasonable to expect that some of these characteristics are heritable, such as temperament, personality factors, and social skills. Behavioral geneticists have speculated that there are two types of such influences. The first type involves heritable aspects of physical features and temperament that may elicit warmth or rejection from parents and other important people in the growing child's social environment. Because the children's characteristics are eliciting, without much determined action on their part, a response from others, many geneticists refer to these child influences as "evocative." As noted, however, genetic factors influence the abilities, self-perceptions, interests, attitudes, and values of children and adolescents. These, in turn, may prompt a child to seek out certain kinds of relationships with others. A young child with genetically influenced verbal skills, for example, may actively request a parent to read to her. Geneticists have referred to these child influences as "active."

Psychosocial researchers often neglect a third important reason a child's or adolescent's genes may appear to influence his or her social world. Offspring share exactly 50 percent of their genes with their mother, exactly 50 percent with their father, and approximately 50 percent with full siblings. Apparent influences of the child's genes actually reflect, instead, those of their parents. Geneticists have referred to this form of relationship between genes of an offspring and characteristics of the parents or siblings, including the latter's behavior toward the offspring, as "passive."

085--[T]he term Gc refers to the gene or set of genes that influences child characteristics, and Gp refers to the gene or set of genes that influences parenting.

093--In other words, the genetic liability for conduct problems became manifest only in adoptive families that had multiple psychiatric, marital, or legal problems themselves. A very similar finding has been obtained in a large adoption study of schizophrenia: the genetic liability for schizophrenia, as judged by the presence of schizophrenia in a birth parent, is manifest only in families with multiple problems.

Gene-environment interaction is an important concept for understanding how genetic and environmental factors intertwine to influence psychological development, and so we will return to it later when we discuss our ideas about a "relationship code." But gene-environment interaction is also an important concept for the statistical analyses undertaken in this study. The most straightforward analytic tools estimating genetic and environmental influences on development assume that these two domains of influence are additive; that is, that genetic influences and environmental influences add up to account for individual differences. An interaction is "nonadditive" in the sense that it reflects not a simple sum of two distinct influences, but a more complex mix. We have elected not to include an estimate of this interaction in our study for two closely related reasons.

First, in nonclinical samples in which there is not a heavy concentration of children at risk for serious psychopathology, gene-environment interactions have been hard to detect, and when they are found they are often small in magnitude, as in the study of separated monozygotic twins described above. We may, however, question the trustworthiness of these conclusions about rarity of gene-environment interactions by arguing that adoptive families must all be high functioning since they were screened by agencies for their suitability for adopting. If this is true, then the absence of substantial gene-environment interactions in nonclinical samples is an artifact attributable to this very restricted range of adoptive family environments. We cannot discover the magnitude of gene-environment interaction, according to this argument, unless the full range of environmental strengths and weaknesses is encompassed in the sample of adoptive families.

Although this is certainly an important argument, the data we have available suggest that, despite screening by adoption agencies, all adoptive families are not notably healthy or high functioning. For example, as mentioned in Chapter 3, one adoption study carefully compared personality features and reported family environment of birth parents rearing their own children with those of adoptive parents and found little difference. Moreover, if the personality measures are compared with those from national samples, the adoptive parents show no substantial differences from these norms. Of special importance is the range between the highest- and lowest-functioning adoptive parents; it is the restriction in range or variance that would reduce the chances of finding gene-environment interactions. Findings on a range of scores, expressed as a variance, are quite comparable for adoptive families, birth families rearing their own children, and national norms. These findings are buttressed by more comprehensive clinical studies of adoptive families that show a broad range of marital and legal difficulties in adoptive families, as well as numerous instances of serious psychopathology in adoptive parents. For example, one recent study found that less than one-third of adoptive families were free of serious marital problems, legal problems engendered by parental misbehavior, or major psychiatric disorders in the parents.

102--This is because they have developed meticulous hypotheses about mechanisms of development that emphasize influential factors that are malleable. For nearly two decades genetic researchers have had, in widely known studies of gene-environment interaction, clear evidence that genetic influences may be malleable by particular variations in environmental circumstances. Except for rather restricted attempts in the field of alcoholism, we are unaware of any efforts to capitalize on these important leads. Addressing this surprising inaction is a particularly intriguing example of the value that could come from a genuine integration of genetic and psychosocial perspectives on development. It also constitutes an excellent transition to the next phase of our book, in which we make a major effort to propel this integrative process.

105--Even if we had elected to design just another psychosocial study, Plomin's review, and the genetic data it summarized, would have spurred us to revise the traditional approach to studying the family environment. We had determined from the outset that our study should focus on the unique or differential experiences of siblings within families. This important objective, of course, cannot be accomplished without including at least two siblings from each family in a research design. Readers who are not familiar with the field of family research will find it difficult to believe that family researchers rarely include siblings in their research designs. Disappointingly, Plomin's review didn't initiate much of a response from such researchers. Thus we still don't know much about even the simplest aspects of the nonshared family environment --- or of any other environment, for that matter. The number of psychosocial investigators who have explored this issue could fit in the hand of a very small child.

At the time we designed our study, very little was known about whether parents treat children differently in the same family, and if they do, whether those differences affect children's development. Had we opted to use traditional psychosocial designs, paying special attention to sibling differences, we could have made provisional estimates of these differences in parenting and their association with development. We would have added only one new feature in response to the genetic challenge: equal attention to at least two siblings in every family we studied. But to conduct a limited study of that kind would have been --- in scientific terms --- a tragic missed opportunity. Worse yet, it would have been seriously misleading.

109--Sixth, in order to address fully the questions that genetic research raises about the nonshared environment, we sought to measure the nonshared social environment as carefully as possible. Although we focused on the family as a major source of environmental influence on adolescent development, we included peers, teachers, and other important components of the social environment as well, though our measurement of these aspects of the social world of adolescents is not as thorough. Data on these other relationships are suggestive, but for simplicity and focus we restrict attention in this book to measures of the family. To explore thoroughly the nonshared family environment, we adopted two strategies. On the one hand, we measured all relationship subsystems in the family: the marital, father-child, mother-child, and sibling. On the other hand, we used a broad range of measures as well as many sources for our measurements. Included among our sources were father's reports, mother's reports, child's reports, and objectively coded videotaped records of interaction within each subsystem made in the family's home.

Our seventh decision concerned assessing adjustment. Since adolescence is a time when psychological development progresses at a rapid rate in many areas, we chose to measure a broad range of indicators of adolescent maladjustment and adjustment. Among the most frequent manifestations of maladjustment are antisocial behavior, depressive symptoms, or both, and so these domains were obvious ones to measure. But young people also develop a broad range of skills and competencies during adolescence. With this in mind, we included in our measures of adjustment cognitive skills and involvement in school [cognitive agency]; successful involvement with peer groups and other social activities [sociability]; increased initiative in household responsibilities, outside activities, and leisure activities [autonomy]; awareness and respect for the rights and perspectives of others [social responsibility]; and general levels of self-perceived competence [global self-worth].

113--Finally, step-families show somewhat lower levels of social class than nonsteps, consistent with data showing an inverse relationship between social class and divorce. The sample is mostly white and middle-class: 94 percent of the men and 93 percent of the women are white. Some of the racial and economic skew of our sample is attributable to our requirement for long marriages; whites typically have lower divorce rates and higher remarriage rates than blacks. Despite this class and racial skew, the children in our sample scored about the same as age-matched comparison samples on measures of psychopathology.

As Table 5.1 shows, this is a well-educated, mostly white sample. Although there is no a priori reason to believe that these results would not generalize to other populations, we cannot assume that they would.

127--ANTITHESIS Our antithesis turns the spotlight away from the effects of the nonshared environment to the effects of genetics. The antithesis is that genetic factors, not the nonshared environment, have the strongest influence on adolescent adjustment. The antithesis centers on two main questions. First, what is the influence of genetic factors on adolescent adjustment? Genetic influence on antisocial behavior in adolescence has been demonstrated in other studies, and so it would not be surprising if we confirmed those findings here. There are many questions arising from our main query on genetic influence, however, for which there are no data. For example, though there are some data suggesting genetic influence on social responsibility and sociability. . . 

147--We have laid out some logical principles of both psychosocial and genetic studies in an attempt to intensify the dialogue between these two perspectives. Genetic research has suggested that the influences unique to each sibling in the family are the most powerful environmental determinants of psychological development. This same line of research has also shown that genetic influences can be very strong on measures of the unique or nonshared environment. Unfortunately, neither genetic nor psychosocial research provides much guidance as to what these nonshared factors might be. Thus, we decided to design a study that not only focused on the differential experience of siblings but also assessed the potential role of genetic factors in influencing the nonshared environment.

148--This chapter lays out our thesis, stating the strongest case yet for the importance of the nonshared environment in adolescent development. It also reviews data that support several hypotheses of how nonshared factors might influence development. We present four important concepts about the nonshared environment in this review. First, measurements of the nonshared environment need to assess many domains, both within the family and without. Second, direct environmental influences on the adolescent must be measured along with indirect effects that estimate how the unique environment of the sib influences the development of the adolescent. Third, adolescents develop their own interpretations of people and of relationships in their social environment. Fourth, adolescents play a major role in shaping the social environments unique to them. Thus, any associations between nonshared environment and adjustment may reflect the impact of the latter on the former.

Sibling relationships are a pervasive feature of family life, and are among our most enduring ties. Only recently, however, have they been the object of serious study among psychosocial researchers, who are now turning their attention to these relationships as a key to understanding psychological development. Much of this recent work has been stimulated by findings from behavioral genetics. As Chapters 3 and 4 made clear, genetics research has helped focus psychosocial family research on siblings. Indeed, sibling research has been a central tool for drawing inferences about the weight of genetic and environmental influences on psychological development. Further, it has, with some exceptions, consistently drawn the same conclusion: siblings in the same family are different from one another on a broad range of measures. The similarities they do show are more likely the result of shared genes than of shared environmental experiences. Sibling differences may also be due to genetic differences (among all sibs but identical twins, of course), but genetics research tells us that their differences are almost certainly due to differences in their experience of the environment as well. Such findings have focused researchers' attention on a central question: Which aspects of the environment make siblings so different?

152--Genetic Studies

Because findings from genetic studies have been reviewed so extensively elsewhere, we confine our review to a brief summary of the main conclusions from many different studies.

First, in the area of personality traits --- such as extroversion, impulsivity, and shyness --- results are surprisingly consistent across studies of twins reared together, two major studies of twins reared apart, and adoption studies. With very few exceptions, researchers have found substantial effects of both heritability and the nonshared environment. In the vast majority of cases, data provide little evidence for the importance of the shared environment in influencing personality traits.

Second, in the area of psychopathology, results are almost as consistent. Virtually all studies on depression and schizophrenia point to the importance of genetic factors and of the nonshared environment. A similar pattern has been found for most disorders that typically begin in early childhood, such as autism, hyperactivity, reading disabilities, and speech disruptions. There are two notable exceptions, however. Delinquency in adolescents typically shows the importance of shared environment. The same is true in twin studies of young alcoholics. It is possible to under both of these findings as evidence for the influence of twins on each other. Twins can be partners in crime and can share the bottle. But common rearing environments --- environments that undermine self-control in children --- might also be particularly important for these disorders.

Third, studies of IQ are particularly revealing. Such studies show that there is clear evidence to support the importance of the shared environment on development, particularly in childhood. As children become adolescents, however, evidence for the shared environment begins to diminish, so that by the end of adolescence heritability and nonshared environment are the major influences.
In sum, for almost all dimensions of behavior, at least by adolescence, there is evidence that nonshared environmental influences are by far the most important. On the basis of this literature, we expected to see this same pattern of findings in our own work.

159--Finally, these social comparisons may, like single-system processes, be influenced by factors in the social context. Evidence suggests that families develop their own frames for interpreting social cues and qualities of relationships both inside and outside the family. For example, in efforts to classify families, researchers consistently note distinctions between families who stress achievement and independence and those who either are organized by values of "just getting by" or are dominated by conflict or disorganization. In effect, each family functions as a mini-culture with its own frames and transformations.

From these investigations of differences among families, it is reasonable to argue that the qualities of parent-child relationships may be associated with different outcomes in different types of families. For example, in families geared toward achievement, both warmth and control from the parent will be perceived as encouraging independence and achievement. Thus, if one sibling receives more warmth and control than the other, that sibling is likely to show more evidence of scholastic and related achievements. The reverse may be true, however, in families that are fearful or resigned to living in a world that they feel they cannot master. Warmth and control may be understood as encouraging the child to keep ambitions low and remain in the family. In such cases, the child who receives less warmth and control is more likely to venture out of the family and may show greater scholastic and related achievements than the child who receives more warmth and control.

To summarize, the sources of multiple-system nonshared experience are shaped by two intersecting circumstances: actual differential treatment of the siblings by parents and others in the family, as well as a frame that is characteristic of each family. This frame, if fully grasped by each child, shapes the meaning the child attribute; to this differential treatment.

176--In the remaining clusters children are treated more or less equally. These data suggest that families do differ a good deal in the extent to which parents treat their children differently.

206--We have stated a strong thesis. Many previous research findings support the importance of environments unique to each sibling in the family. These nonshared environments, according to earlier studies, are the most significant environmental influences on psychological development. Evidence suggests that many of these nonshared influences may arise with the family, and so for our study we focused on two questions: How different is the family experience of two siblings? Are these differences associated with differences among adolescents in their psychological symptoms and in their adjustment? In the last chapter we presented very strong evidence supporting the thesis that parental behavior unique to each sib was very strongly associated with adolescent adjustment. In some cases, such as the relationships between parental negativity and antisocial behavior, these associations accounted for 50 percent of the variation among adolescents. We also found that parental treatment of the adolescent's sibling has a powerful influence on the adolescent, particularly in the areas of surveillance and parents' attempted control of behavior. We also found compelling evidence for the role of nonshared sibling experiences, with siblings who are victims of aggression or who become caregivers faring the worst.

The findings presented in the last chapter look like strong evidence for the argument that psychosocial mechanisms link the social environment to adolescent adjustment. But this may not be the case. Genetic factors could influence measures of adjustment as well as measures of the social environment. Moreover, the same genetic factors could affect both these sets of measures, hence accounting for the association. Such a circumstance would be a sharp challenge to the environmental thesis. In this chapter we take the first step toward exploring this antithesis, asking if genetic factors play a large role in differences among adolescents in the seven domains of adjustment we studied.

We find that genetic factors do have this importance. Moreover, they are the most significant influence on the stability of adjustment across time, with shared environment also playing an important role. For change across time, nonshared and genetic factors were both important.

209--First, Figure 8.1 shows substantial genetic influences for three of the seven measures: antisocial behavior, cognitive agency, and social responsibility. Indeed, the heritability of each of these three dimensions of adjustment is in excess of 65 percent at both time 1 and time 2. In our study, cognitive agency is a broad-band measure of the adolescent's involvement in schoolwork as well as his or her scholastic achievement. It may be closely related to a range of mental abilities not measured in our study, including general intelligence. Its high heritability is consistent with previous studies of genetic influence on both mental abilities and scholastic achievement. Genetic influence on antisocial behavior and related problems in adolescents has also been reported frequently. The magnitude of the heritability we report, however, is generally larger than previously reported, although a recent study also found very substantial heritability for impulsivity, conduct disorders, and oppositional behavior, all of which are closely related to antisocial behavior as we define it.

211--Figure 8.1 shows that shared environmental factors are the preponderant environmental influences for both sociability and autonomy; they are also substantial, relative to nonshared effects, for antisocial behavior. Although the importance of the shared environment has been observed in prior studies of antisocial behavior, its substantial influence on sociability and autonomy in adolescence is a new finding.

213--This is evidence that genetic factors play an important role in relationships between antisocial behavior measured at time 1 and at time 2. This relationship is known as stability, and we can say that Figure 8.2 provides strong evidence that genetic factors play a major role in the stability of the measured variable.

219--In the example we have been following, the preponderant influence on change is not environmental but genetic. There are three broad classes of psychobiological events that could account for change in genetic influence across time. The first group consists of intracellular mechanisms. We now know that a variety of intracellular events control gene expression, often by influencing the transcription of information in DNA amino acid sequences in the gene itself to RNA and subsequent protein synthesis. Recent research on animals and humans suggests that these intracellular gene-control processes can be influenced by a wide range of circumstances: the administering of psychiatric drugs, chronic and acute stress, conditioned fear, and sleep deprivation. Thus far these findings are only heuristics for understanding the role of genetic factors in accounting for individual differences in behavioral change among adolescents across a three-year period. Nonetheless, these early findings do suggest that phase-specific environmental events may influence the expression of genetic differences in adolescents: as adolescents get older, some of the genes influencing behavior may be "switched off" by these phase-specific environmental circumstances and others may be "switched on." These phase-specific switches may affect some adolescents more than others, depending on the differences among them in their possession of certain genes that are responsive to these environmental triggers.

A second class of factors consists of major changes in environmental challenges. That is, genetic influences may be expressed in some environments but not in others. In this book we report only environmental changes that occur in the course of ordinary development. For example, as children move from more controlled school settings in the earlier grades to less structured settings in later grades, heritable differences among them in autonomy, self-control, and antisocial behavior may become more manifest. 

225--COGNITIVE AGENCY Figures 8.9 and 8.10 show results for cognitive agency with some similarities and important differences from antisocial behavior and depressive symptoms. Like the latter two, cognitive agency is very stable between earlier adolescence and later adolescence (r = .7 1). Further, as in the previous examples, analyses at a single point in time show substantial genetic influence, a modest nonshared effect, and no influence of shared environment whatsoever. The most striking difference, however, is that the cross-correlations conform almost precisely to genetic expectations.

As the pattern of correlations suggested, model-testing results show that genetic influences on stability are particularly strong, accounting for (.81 X .821.71) 94 percent of the stability. Changes in the nonshared environment from earlier to later adolescence account for 67 percent of the change. Genetic factors account for 33 percent of the change.

In Figure 8.10 we can draw roughly the same conclusions as we did for depression in Figure 8.1: most of the genetic effects shown as important at each time period are involved in maintaining stability in cognitive agency across time. Virtually all the nonshared effects change over time and are associated with change in cognitive agency [intelligence] from earlier to later adolescence.

232--SOCIAL RESPONSIBILITY Figure 8.13, depicting the results of model fitting, shows a pattern for social responsibility that is similar, in some respects, to that for antisocial behavior, with which it is highly correlated (r =-.70 averaged across both children and both time periods). The coefficient of stability for social responsibility from time 1 to time 2 is .71, and genetic factors account for 85 percent of it. Changes in the adolescents' nonshared environment constitute the greatest influence on the small changes in social responsibility between earlier and later adolescence.

235--Genetic Influences on Stability

The most striking example of the genetic role in continuity across the two time periods is that of cognitive agency, a measure that assesses school achievement as indexed by grades as well as child and parent ratings of involvement and success in schoolwork. Our findings here are quite similar to those reported for measures of children's mental abilities (probably strongly correlated with cognitive agency as we define it) in children observed from ages one through nine. Across this span genetic factors accounted for age-to-age continuity, and both genetic and nonshared factors accounted for change from age to age. Interestingly, earlier in development --- from fourteen to twenty months --- shared environment plays a much more prominent role in both stability and change in mental abilities. However, in studies of personality change and stability in young adults as well as in studies of mental abilities in late life, genetic factors are the prevailing determinants of stability across time.

237--Yet the scant genetic data available to us suggest that as conspicuous as this practice is in many schools, it is unlikely to serve as a major splint for genetically initiated differences. First, in counties whose school systems assiduously avoid ability groupings there are still major stratifications of children in ability, usually related to the occupational status and educational backgrounds of their parents. Since data suggest that shared environment plays little role in age-to-age stability in this domain, the apparent influences of social factors on stability are likely to reflect genetic influences. Indeed, the more school policies stress equal access for all to the same educational opportunities, the more genetic factors play a role in individual differences in achievement. Second, in cultures or historical epochs in which intense social stratification, extending into school systems, is rigidly practiced, there is little evidence for genetic influence on individual difference in cognitive ability. In these societies environmental factors can have no role in maintaining genetic differences since the very expression of genetic influences is precluded.

240--Other investigations are now recognizing the importance of genetic change as a major influence on changes in adjustment across time. A previous study, conducted over a much longer period than our own, also found evidence for genetic change in antisocial behavior. In early childhood prominent effects of genetic change have been noted for behavioral inhibition, the level of positive or warm feelings, and the development of language competence. Substantial influence of genetic change on changes in cognitive abilities has been noted at five separate time points across the age span of one to nine years; indeed, for four of these time points, genetic change was the preponderant influence on change in cognitive abilities.

243--We stated our thesis about the nonshared environment. In support of the thesis we presented a review of other research on the topic, some additional research to help us understand how these unique environments may exert their influences, and data showing very strong associations between differential parenting and differential sibling relationships, on the one hand, and adolescent adjustment, on the other. Chapter 8 appeared to present a challenge to our thesis and perhaps to other environmental theories about adolescent development as well. First, we showed that for virtually all domains of adolescent adjustment genetics played a major role in accounting for individual differences. This was particularly true for antisocial behavior, cognitive agency, and social responsibility. Genetic influences were also important for depression, sociability, and autonomous functioning. They seemed less important for the adolescent's self-worth, although by time 2 genetic factors accounted for nearly 50 percent of the differences among adolescents on this measure. Second, we showed that genetics played a preponderant role not only in the stability of these domains of adjustment across time but also, in many cases, in their change. In other words, these data suggested that genetic factors play a surprisingly important role in the two fundamental processes of development: those that maintain differences among individuals across time and those that influence differences in how individuals change across time.

In this chapter we present data that appear to challenge further conventional environmental theories of adolescent development. We show that genetic factors not only play a major role in individual differences in adolescent adjustment, but also have a substantial effect on most but not all subsystems within the family. We examine the following four subsystems, in particular: marital, father-child, mother-child, and sibling. 

246--The Shared Environment and Family Relationships

As in analyses of measures of the sibling's adjustment, the shared environmental influences on measures of the adolescent's social environment refer to experiences shared by the adolescent siblings. These shared experiences, however, are now influencing not siblings' own adjustment but measures of relationships in their families. The shared environment refers to a complete, anonymous set of environmental factors that influence the behavior of others toward the siblings and which they share by virtue of being siblings. Like genetic influences, these shared environmental influences may have remote effects by influencing relationships in which the adolescents are not direct participants. These shared environmental influences, both immediate and remote, fall into three broad classes.

First are factors that jointly influence the siblings themselves as well as others in the family, including any common factors in their neighborhood, their culture, or their religion that might lead them to be treated similarly by their parents or siblings. Such factors are likely to vary from family to family in an ordinary research sample and are unrelated to siblings' genetic similarity.
A second broad class of shared variables influencing the family environment consists of the nongenetic effects of the similarity between siblings. These include any of the siblings' nonheritable characteristics that would evoke or alter the behavior of others toward them. As reviewed in Chapter 3, most studies have found very low correlations on any measures of siblings' characteristics that are not attributable to shared genes. It is for this reason that genetically unrelated siblings growing up in the same family are often no more alike than children matched at random.

248--The shared environment is the prevailing environmental influence on sociability and autonomy. Thus, this second mechanism of shared influence --- effects of correlated characteristics of siblings --- on family relationships remains plausible[. . . . ]

Nonshared environmental influences, in our analyses, refer to nongenetic influences on parenting and sib behavior that are different for siblings in the same family. The meaning of the word "different" is quite precise here. It refers to the fact that the relationships of one sibling in a family cannot be predicted from the relationships of the other sibling. Inaccuracies or low reliability in the measurements themselves may contribute to this unpredictability in our analyses. We have kept this source of nonshared influence to a minimum by using highly reliable measures. Like shared environmental influences, substantive sources of nonshared environmental influences fall into three broad categories.

257--In considering genetic influences on the stability of family relationships, we must repeat a point emphasized earlier in the chapter: our design does not permit us to distinguish whose genes are influencing our analyses. First, the adolescents' genes could be the only influence at work; in that case heritable characteristics of the adolescents are evoking parental and sibling responses, or the adolescents are actively shaping these relationships in response to genetic influences on their own perceptions and behaviors. Second, the parents' genes could be the sole influence. Because adolescents share exactly 50 percent of their parents' genes, their genes serve only as a surrogate for their parents': we know something about the parents' genes by examining a group of individuals who have many of the same genes themselves. Or, third, the results could reflect the influence of both parents' and adolescents' genes.

262--We can now review the findings on stability and change across all measures of family relationships. First, let us examine parental conflict/ negativity ("neg." in Figure 9.8) and warmth/support ("pos."). Figure 9.8 tells us that these measures are quite stable across time. The coefficient for stability for mother's conflict/negativity is .66, and for father's it is .62. A comparison of these values with the stability of measures of adolescent adjustment is instructive. Figure 9.9 presents coefficients of stability for all seven measures of adolescent adjustment and all twelve measures of family relationships. Mother's, father's, and sibling's positivity and negativity are all highly stable across three years and are comparable to the high stability of adolescent antisocial behavior, depression, sociability, autonomy, and social responsibility. The measures of control strategies for mothers and fathers are lower and are comparable to the stability of adolescent self-worth.

These data convey a picture of considerable stability across time in both the adolescents and their families except in the area of control strategies. As noted in Chapter 2, longitudinal studies are most effective in delineating causal sequences among variables during periods of development when there is at least a moderate amount of change so that we can assess the relationship of changes among variables. Figure 9.9 makes it clear that we are studying a period characterized more by stability than by change in both adolescent adjustment and family relationships. Thus, we have a relatively narrow window through which to peer at change processes.

Let us return to Figure 9.8. It is striking, as in the case of so many measures of adolescent adjustment, that most of the stability of both the mother's conflict/negativity and the father's conflict/negativity is influenced by genetic factors. For fathers, 72 percent of this stability is attributable to genetic factors. In contrast with most of our measures of individual adjustment, however, a very small (and statistically insignificant) portion of change is influenced by genetic factors. In fact, the most important source of change is in factors associated with differences between the siblings --- the nonshared components. For fathers, these anonymous nonshared factors account for 71 percent of change in conflict/negativity across three years. Another way of thinking about these findings requires a comparison of Figure 9.8 with Figures 9.3 and 9.4. The latter two show that the shared and nonshared environments contribute about equally to differences among families in parent conflict/negativity. According to Figure 9.8, most of these shared environmental factors are, in effect, stable across three years, whereas most of the nonshared factors change. We examined the pattern of unique variances at times 1 and 2 for nonshared factors, the primary component of change. There was an even balance between factors operating at time 1 but no longer operating at time 2, and the reverse: factors operating at time 2 but not at time 1.

A somewhat different pattern emerges for parental positivity. The shared environment accounts for a much greater portion of the stability across time, and genetic factors account for comparatively little: only 35 percent for mothers and 31 percent for fathers. As with parental conflict/ negativity, however, nonshared factors account for most of the change. Again, there was an even balance of unique influences at times 1 and 2. As was the case for parental negativity and parental positivity, the unique nonshared factors at times 1 and 2 were about equal.

A third pattern of results emerges for control strategies, knowledge about or surveillance of children, attempts to control and actual success in control ("att" means "attempted control" and "act" means "actual control"). Here the primary role of genetic factors is to influence change across time rather than to influence stability, with the shared environment playing an almost exclusive role in influencing stability, and nonshared factors, once again, playing the dominant role in change. This distinctive role for genetic factors in change rather than stability in parental monitoring and control is part of an increasingly intriguing pattern of results relating to this aspect of parenting in adolescence; we provide more complete analysis and interpretation of these findings in Chapter 12 as part of our synthesis. Again, in this domain, the unique nonshared factors at times 1 and 2 were about equal. This was, however, not the case for genetic factors. For mom's attempted and successful control, some genetic factors operating at time 1 did not operate at time 2, but no new ones came to take their place. For dad's knowledge and attempts there was only a small unique effect at time 1; by time 2 a substantial amount of new genetic influence was operative.

Yet a fourth pattern characterizes sibling positivity and negativity. These relationship qualities are very stable across time; they show approximately the same stability as positivity and negativity in parent-child relationships. In contrast to the other three patterns of findings summarized above, however, shared environment plays the dominant role in both stability and change across the three-year period of study. The unique shared environmental influences were about equal between times 1 and 2.

To summarize, nonshared factors play the preponderant role in influencing change in family relationships across time. Genetic factors play a more modest role, particularly for-control strategies. Only for siblings do shared environmental factors play a role in change. In almost all instances of change, shared and nonshared environmental factors that are influential in early adolescence lose their importance by mid-adolescence, when they are replaced by other, uncorrelated nonshared environmental factors. The picture looks different for genetic factors. In many instances, early influences seem to fade away without being replaced by new genetic influences, or new genetic influences arise without earlier ones disappearing.

SUMMARY

Perhaps the most important implication of the data presented in this chapter is that genetic influences are notable, and in some cases quite strong, on measures of family processes. These findings move us one step further to a severe challenge of our thesis. If genetic factors influence measures of the family environment and measures of adjustment, then they might account for many associations between the two. In other words, genetic factors might be important in relationships that have, hitherto, been thought to reflect only psychosocial processes. We examine the role of genetic factors in explaining these associations in the next chapter. But before we move on to this crucial analysis of overlapping factors, we need to pause, briefly, to see what we have learned in this analysis.

The first notable lesson is that genetic factors play a substantial role in differences among families in parent-child relationships and marital conflict about children. Second, in contrast to genetic influences on most domains of the adolescent's own adjustment, the shared environment also plays a notable role in influencing all family systems. Although parents' desire to appear consistent with their children must be one influence on this effect of the shared environment, other explanations are also plausible. Factors such as community, social class, and subcultural identity may be factors common to the siblings and may also influence parenting practices. Our data make clear that these shared influences, whatever they are, remain very stable across a three-year span from early to late adolescence.

Third, the pattern of genetic and environmental influences for sibling relationships is quite different from genetic influences on parent-child relationships and on the marital relationships of the parents. Shared environment plays the main role in explaining differences among sibships in their warmth and support as well as in their conflict and negativity at earlier and later adolescence. Indeed, the role of shared environment in sibling relationships is nearly twice the size of its role in parent-child relationships and marital conflict. The contrast between parent-child and sibling relationships will become a major theme later in this book. Here we can already draw some inferences of importance for understanding family systems and thus begin to pave the way for the third section: the synthesis.

Recall that there are three possibilities for explaining the important role of the shared environment in family relations. First, factors external to the family but common to its members --- such as a neighborhood or social class --- might be the primary influence on the relationships. If factors of this kind are operating, they must affect siblings primarily, since shared environmental factors have such a conspicuous role in their relationships. Thus, adolescent-specific shared environments such as schools and peers are likely sources.

It is also possible to think of parental relationships with the siblings as an "external" source as well. Many examples from previous research connect the level of parent-child conflict, for example, to conflict between siblings. Indeed, data from our own study show a strong link between the quality of parent-child relationships and sibling relationships. For example, the negativity in dad's relationship with his children at time 1 showed a significant correlation with both the positivity of sibling relationships (r =-.26) and the negativity of such relationships (r = .40). Dad's positivity with his children was also correlated with sibling positivity (r = .34). A similar pattern of findings was noted for mother's relationships with her children.

A second possibility is that sibling similarities may be jointly and equally influencing the tenor of the sibling relationships. This must, of course, be equally true across all six sibling groups for shared environment to have such an overwhelming influence on their relationships. This alternative seems less likely than the first, since there are few measures in which adolescent siblings are similar for nongenetic reasons. In our data autonomy and sociability are examples, but with the exception of delinquency and heavy drinking there are few others in the literature. The phenotypic correlations between autonomy and sociability, on the one hand, and sibling warmth and support, on the other, are modest but significant statistically (r = .23 and .30, respectively, at time 1, and .28 and .24 at time 2). Antisocial behavior also shows some sibling similarity independent of genetic influences. For example, the correlation between blended sibs is .27 at time 1. Moreover, the phenotypic correlations between antisocial behavior and both sibling warmth and sibling conflict are considerable at time 1 and at time 2.

A third possibility, consistent with the second, is that sibling systems are highly reciprocal systems where aggressive or affectionate behavior in one sib is highly likely to lead to reciprocation from the other. This would be a third explanation for the enormous role of shared environmental influences on the quality of sibling relationships. This reciprocity might override any genetic influences that might play a major role in these relationships and that play such a central role in parent-child relationships.

Indeed, all three of these proposed mechanisms might work in tandem. In Chapter 13 we return to this quality of sibling relationships as a central feature of our synthesis, exploring genetic and family relationships data that etch an intriguing portrait of life in the family of the adolescent.

274--In Figure 9.10 we showed that for most measures of adjustment and family process there is substantial stability across the time of our study, more than we expected from theories that depict adolescence as a period of change and unpredictability. This stability narrows the window for observing family process related to change. Nonetheless, if genetic factors are the major predictors of adolescent change in these analyses, this would confirm their role as a major engine of development during this period of maturation.

279--For shared environmental influences, there are three possibilities. First, consistent negativity, directed equally at both siblings by each parent, may cause antisocial behavior in the adolescents. The first and easiest way to think of this is that parents' consistent style of parenting --- say, irritable, contentious, punitive, and aggressive --- has an influence on their adolescent children and is as likely to influence one child as the other. A second explanation is that antisocial behavior --- particularly joint, imitative, or equally frequent antisocial acts of children --- induces punitive and aggressive parenting from parents. In this instance, either child is equally likely to elicit this behavior, and, over time, both children make more or less equal contributions to this effect on parents. A third possibility is that some external factor operates to make parents consistently negative to both children and that same factor also makes it equally likely that both children will commit antisocial acts. For example, a family may be part of a migrating group in which economic privation, prejudice of native dwellers in a new country and physical danger may make fathers irritable and combative while encouraging aggressive behavior in the children. All three of these mechanisms might be combined to explain overlapping shared environmental influences. Further, the balance of each of these might differ from family to family.

These same three possibilities hold for overlapping nonshared influences. First, father's differential treatment of his two children leads one of them to antisocial behavior but protects the other from the same fate. A second possibility is that differential aggressiveness toward father by children who themselves differ in antisocial tendencies elicits differential parenting. Third, it is remotely possible that some outside factor influences the behavior of the father toward the child and also influences the antisocial behavior of the child, although parenting and child behavior are not themselves causally linked. As with shared environmental influences, the balance of mechanisms need not be the same in each family. Moreover, it may not be a single external circumstance that acts on both father and adolescent but a combination of disruptive and provocative circumstances.

287--Cognitive Agency and Social Responsibility. The correlations of cognitive agency and social responsibility with negativity are -.31 and  -48, respectively. In this case genetic factors play an even more important role in both association and disjunction than they do for antisocial behavior and depression. Again, this was to be expected given that cognitive agency and social responsibility are the most heritable of the domains of adolescent adjustment. Nonshared factors are the only substantial environmental influence on cognitive agency and social responsibility at time 1, but they are clearly involved only in disjunction, not association.

Although all four of these findings follow logically from our analyses of both adjustment and mother's parenting, they must come as a surprise to both geneticists and environmentalists alike. For four of the five areas of adjustment associated with mother's negativity, environmental factors acting alone account for almost none of the observed association. Currently no theory of the development of psychopathology or competence in adolescence could have predicted these results or can encompass them now that they are so plainly evident.

295--Cognitive Agency and Sociability. For cognitive agency the results are quite similar to those for negativity and social responsibility. Some of these findings are attributable to the very high heritabilities of both cognitive agency and social responsibility. Table 8.1 showed these heritabilities to exceed 75 percent for cognitive agency and social responsibility. Sociability, however, showed a preponderance of overlapping shared environmental factors. This is consistent with the less prominent role of genetic factors and the more prominent role of shared environmental factors in individual differences in sociability.

307--CHANGES IN GENETIC OVERLAP Our disappointment in this small yield of findings concerning the nonshared environment is well compensated by a cornucopia of entirely unanticipated findings on genetic factors. That genetic factors are important in adolescent development is no surprise. "What is a stunning surprise is that genetic factors are (1) the most important contributors to the association between parenting and adolescent adjustment; and (2) the major engines of change in the associations between parent-child relationships and adjustment. Of the fifty-two associations between parental measures and adjustment that we examined in this chapter, forty-four indicated that genetic influences were more important than nonshared and shared environmental influences combined. In exactly half of these forty-four associations, shared and nonshared environmental influences combined were minute (less than .08). "When comparing our findings from earlier and later adolescence, we observed no increase in environmental overlap exceeding .08 and no decrease exceeding .11. All other instances of change of greater magnitude than these, from time 1 to time 2, in the association of any of our measures of family subsystems and adolescent adjustment were attributable to changes in genetic influences. In sum, the impressive role of overlapping genetic factors in accounting for the association between parenting and adjustment stayed roughly the same for fathers and increased for mothers.

344--The family relationships-effects model, if supportable by our data and those from other studies, constitutes the kernel of our synthesis. This model allows for a substantial genetic effect on both family process and adolescent adjustment. It also fits with a great range of psychosocial data that suggest that the social milieu is an important cause of differences among children in their psychological development. Is there any evidence to support this more synthetic perspective over the two other possible explanations, the passive-effects model and the child-effects model?

345--The most important clue is that genetic factors, at least in some comparisons of pairs of measures, are quite unique for each domain of adjustment. We provided a telling example in the case of the small inverse relationship between antisocial behavior and sociability. This small inverse correlation means that antisocial children can be either sociable or not sociable, although there is a small likelihood that antisocial children will be less social than their better-behaved peers. The reason for the relative independence of the two domains is that they are influenced, for the most part, by different genetic factors. In this chapter we begin by asking whether this distinctiveness of genetic influence between pairs of adjustment domains is an exception or the rule.

349--The result of this computation suggests that 82 percent of the genetic influences on antisocial behavior are distinct from those influencing sociability. Perhaps even more to the point, we can estimate the proportion of the disjunction between antisocial behavior and sociability that is accounted for by genetic factors. The coefficient of disjunction equals 1-r, or .78. This coefficient also equals the sum of mean of the squares of the unique genetic paths, of the unique shared environmental paths, and of the unique nonshared environmental paths. All of these are the upward-pointing paths from the small balloons. 

351--In Figure 12.2 we see that there is no unique genetic influence on social responsibility that is independent from its influence on antisocial behavior, but there is some unique genetic influence on antisocial behavior. Here genetic factors are primarily responsible for the correlation between the two variables. These factors account for 84 percent, of the correlation between the two. Indeed, antisocial behavior and social responsibility seem to have nearly the same genetic roots. It is likely that the factors mediating genetic influence on this pair of variables overlap considerably.

353--Our hypothesis about a relationship code is an elaboration of the family relationships-effects model. To summarize, it addresses the following findings in our study. First, there are very strong associations between measures of the family environment and all domains of adolescent adjustment. Second, a substantial number of these genetic influences are unique to particular domains of adjustment. Third, there are substantial genetic influences on all the measures of family relationships --- marital, parental, and sibling --- employed in this study. Fourth, the genetic factors that influence adjustment overlap, to a large extent, with those that influence family process. Fifth, with a few exceptions, there is some evidence that the genetic influences on family relationships that are unique to earlier adolescence precede changes in adolescent adjustment from earlier to later adolescence.

We propose that family relationships are responsive to heritable traits in developing children. These heritable traits might be temperamental features or modes by which children perceive their social world. For example, at several points, we have mentioned irritability and social responsiveness as temperamental styles. Our hypothesis is that these heritable traits in adolescents evoke characteristic responses from parents and other members of the family, including sibs. That is, under ordinary circumstances, there is a reliable association between evolving temperaments and social responsiveness in children, on the one hand, and families' responses to these children, on the other. If we know a child's temperament we can predict, with reasonable accuracy, the responses of his or her family members. For example, aggressive children often elicit counter-aggression in their parents.

But, our hypothesis continues, the family serves as more than a passive responder to the adolescent. The response of family members to heritable characteristics in the child continues to influence that child's behavior. Counter-aggression in a parent, in response to aggression in the child, may only exacerbate the child's aggression. As the work of Patterson and his group has shown, families need to set firm, consistent limits on aggression in children. For a great many families this is difficult to do, and hence outside intervention is required. To carry our hypothesis one step further, it seems unlikely that heritable traits in children would become manifest as either full-blown successes or full-blown failures without these formative transactions with their families. It is because families play this crucial role, our hypothesis continues, that they are not merely passive responders. They are themselves initiators: they respond to a genetic "signal" from the child --- or really an array of signals --- and their response is transmitted back to the child. In the case of troublesome behavior, they may exacerbate it. In the case of competent behavior, they may enhance it. Other possible reactions were suggested in our analysis of sequence in the last chapter.

When a family responds with a profile of reactions to a developing child with particular heritable traits, this can be thought of as encoding, very approximately, genetic information. Deciphering this code would be possible only if the genetic influences on relationship qualities were preponderant or exclusive. Then, with enough research data on the specific links between heritable individual dispositions and relationship systems, we could predict genetic influences from relationship data or vice versa. In this ideal case we could readily "decode" family-process data in order to delineate discrete genetic influences. As shown in Chapter 9, however, environmental factors (meaning factors unrelated to genetic factors in the children) play the most significant role in differences among families in their relationships with adolescent children and siblings and in conflicts between husbands and wives about their children. Moreover, genetic factors in parents and siblings --- factors not shared with the adolescents --- are almost certainly constraining their response to the teens. Thus, we cannot reason backwards to determine which genetic influences, originating in the children, are operative just from a knowledge of the qualities of the relationship systems themselves.

But reasoning in the opposite direction may be central for developmental theory: perhaps separable genetic influences, originating in the child, can be encoded in family relationships that directly or indirectly involve the child. At the intracellular level, specific DNA configurations encode equally specific processes of protein synthesis, biochemical sequences that are critical for specific genetic expression in the structure and . . . 

368--Figure 12.7 shows a dramatically different set of findings for mom's and dad's positivity. Here genetic factors account for none of the phenotypic correlation between the two variables (r = .42). Genetic factors, however, are the preponderant influence on the lack of correlation between the two. The heritability of disjunction is 34 percent. Genetic factors account for 58 percent of the lack of association between the two variables. These data suggest that the lack of association between positivity in two family subsystems --- mother-child and father-child --- may encode a good deal of genetic information. That is, father's positivity might respond to a heritable characteristic in the child that is distinct from the heritable characteristic to which mother responds. We have noted a partial example of this from Chapter 11: mother's apparent response to a heritable precursor of sociability.

375--These findings illumine the contrast between mothers and fathers highlighted in the last chapter. In the area of monitoring/control and antisocial behavior, mothers were seen to be reacting proactively and protectively to early signs of difficulty in their children. Fathers, by contrast, appeared to wait for full-blown antisocial behavior to develop in one of their children. Fathers then backed off and focused positive parenting on the less troublesome child. The analysis of specific genetic effects here suggests that the difference between mothers and fathers is due not to an intrinsic difference in response style, but rather to the fact that mother's control strategies respond to one set of genetic influences earlier in adolescence and father's respond to an entirely different set of genetic influences later in adolescence.

385--Thus far we have made substantial progress in developing a synthetic view of adolescent adjustment. This theory has enabled us to piece together genetic and family influences on development in novel ways. Chapter 11 gave us intriguing glimpses, for example, of self-repair processes in families: the role of genetic influences on positive family processes that had a protective influence against the development of antisocial behavior during adolescence. Chapter 12 gave an even more panoramic view of the specific links between genetic influences and family processes. We discovered that genetic effects are specific for three different aspects of these subsystems. First, there is specificity of influences for specific subsystems; for example, genetic influences on mother's warmth are unrelated to genetic influences on father's warmth. Second, there is a specificity for quality of interaction within subsystems. Genetic influences on conflict and negativity are quite different from those on warmth and support for both fathers and mothers. Third, genetic influences operate at different times in the development of subsystems; we noted this phenomenon for control processes in the adolescent sample we studied. This specificity added some weight to our speculations about the ways family processes mediate genetic influence and led to the central hypothesis of this book: the relationship code.

386--We begin our third step toward a synthesis. We have already examined the modest changes in both family relationships and adolescent adjustment that have unfolded from earlier to later adolescence. These have suggested, but not proven, that families play a crucial role in the unfolding of genetic influence on adolescent adjustment. Heritable characteristics of the child elicit responses from the family. The family response may take one of four forms: it can enhance desirable attributes of the child; exacerbate troublesome aspects; protect the child from adverse outcomes of difficult behavior; or cause parents to back off from a troubling child in an attempt to protect a sibling who appears to have better prospects. Within the context of these four patterns of reaction, we have examined all the measures of family process in our study. They have suggested that, to the extent that these four family reactions explain the genetic influences on behavior, there is an extraordinary repertoire of specific family responses to a great variety of heritable characteristics of the children. We have noted the rich encoding possibilities inherent in this repertoire of family responses: across different qualities of relationships within a subsystem, across different relationship subsystems, and across time.

393--In our effort to delineate factors external to the family, we examined the effects on all our measures of family subsystems of the average parental education, of the average parental occupational status (for example, doctors receive higher ratings than manual laborers), and of social class, which weights these two factors. Their effects were trivial and hence these external factors could not explain the overall phenotypic associations across the family subsystems or the dramatic influence of shared environment on these associations. It is distinctly possible, however, that finer-grained measures of economic advantage or disadvantage (savings, inheritance, and so on) or other aspects of the shared external environment (neighborhood, extended family characteristics, and so on) might play a significant role in these findings.
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396--It is beyond the scope of this book to review in detail research on family groups. Briefly, a comprehensive and programmatic research project identified three dimensions along which families as a group differed. The first dimension concerned their belief in their ability to understand the intricacies of their social world, such as the nuances of social threat and opportunity, and to master these intricacies for the long-term benefit of the family. Some families see these intricacies as stemming from general principles of social life and as discoverable and usable, whereas other families see the social world as capricious and unpredictable. The second dimension concerned the family's belief about their own characteristics as a group: did they believe that their social environment treated them as a unitary group, or were they treated as individuals without reference to their family membership? The third dimension focused on differences among families in their belief about tradition. Families differ in the extent to which they view social convention as exemplifying long-standing tradition. Some families are highly sensitive to these innuendoes in social convention, such as class status and family traditions. As a consequence, they feel that their own predilection for maintaining tradition and stability is reinforced by social norms to which they are very sensitive. Other families are much more sensitive to novelty and changes in their social world; these perceptions reinforce adaptability and change within the family itself.

These overarching perceptions of the social world appear to determine how family rules of conduct are established, interpreted, and implemented. They are also quite stable and play a major role in shaping an emotional ethos in the family. For example, families who see their social world as capricious but feel that they are perceived as a social group (they are low on the first dimension of mastery but high on the second dimension of group solidarity) tend to have high levels of anxiety and suspiciousness about outsiders and draw firm boundaries between themselves and outside groups. In more extreme forms this suspiciousness results in an attitude of "us against the world" that regulates relationships among family subsystems. These distinctive family "world views" may be subtle reflections of cultural differences among families or may reflect how established they are in the communities in which they live, with strong contrasts, for example, between new immigrants and established families. They also may be built up over time within families and may reflect ways in which families have resolved major crises in their history together.
There are certainly other factors, beyond the family's collective construction of social reality, that distinguish one family group from another. The data presented here should provide encouragement for additional research in this area.

400--This explanation is supported by additional evidence from our study.  As reported in Chapter 7, there are, in fact, some important asymmetries in sibling relationships; further, these asymmetries are associated with adjustment. For example, we noted asymmetries in aggression. Adolescents who mete out punishment to their siblings are protected from antisocial behavior, whereas those who are victims are at increased risk. Similarly, siblings who are caregivers --- that is, siblings who provide more of the warmth in a sibling relationship --- show high levels of cognitive agency and of autonomy. The data suggest, however, that these asymmetries may be quite sensitive to genetic influence and account entirely for its association with adolescent adjustment. To put the matter another way, when siblings step out of the role of reciprocators and become either enforcers (meting out punishment) or caretakers (providing nonreciprocated warmth), their behavior is as sensitive to genetic influence as that of their parents.

415--Using reliable coding of detailed records of exchanges between therapists and patients, researchers have found compelling evidence that people can experience, at various times, radically different representations of themselves and others. This phenomenon is not restricted to exotic cases of multiple personality disorders but is present in a broad range of people with rather mundane and modest psychological difficulties.

Evidence from this research suggests that some of these representations of self and other are dreaded. Though they are deeply held, people tend to hide them not only from others but from themselves. These dreaded representations include feelings of worthlessness and vulnerability to abuse, as well as the thought that significant others are exploitative and untrustworthy. At the other extreme are unrealistic feelings of strength, capability, and invulnerability to disappointments; these representations include images of others as admiring and gratifying. A third category of representations consists of more ordinary images in which people represent themselves as a mixture of competence and modest defect. The most crucial finding in this line of research is that these representations shift over time, and sometimes the shifts can occur quite rapidly. If these representations do constitute an important filter through which experience influences behavior, then their changes over time can account for the instability we have identified in the nonshared environment. It may be that in adolescence, in particular, representations of this kind are subject to dramatic and frequent shifts.

As Freud's Otto dream makes clear, intrapsychic conflicts are generally not easily accessible because they are related to ideas and feelings that produce shame, guilt, or anxiety. In Freud's case his own grandiose aspirations probably produced a mixture of all three feelings. Thus if we are to explore this explanation for the nonshared environment, we will need better methods for accessing these shifting self-representations in nonclinical settings.

417--This study was shaped by a simple idea: that it was possible to sort influences on psychological development into three categories: genetic factors, environmental factors shared by siblings in the same family, and environmental factors unique to each sibling. This idea could be made even simpler: data from studies with genetically informed research designs strongly suggested that shared environmental factors played a trivial role in psychological development and in psychological adjustment. Hence, the important factors in development could be divided quite simply into genetic and nonshared. To be sure, this idea had its roots in a thoughtful and well-documented literature from cross-sectional studies on individual differences in adjustment in children, adolescents, and adults and from genetically informed longitudinal studies of development. It had already been tested by impressive research designs and by thoughtful examination of data. But like all simple ideas about complex subjects, it has its limits. Two of them were apparent even before we undertook our study, and we have tried to stress their importance from the very beginning.

First, at its core, the idea of three categories of developmental influences is a statistical one. It follows from additive analytic models developed by behavioral genetics researchers to analyze data from twin and adoption designs. By itself, it does not inform us at all about the mechanisms by which psychological development unfolds. It gives us no conceptual tools for understanding the specific sequences of development, for preventing developmental misfortunes, for remedying them once they occur, or for enhancing the development of adaptive skills.

Second, as an additive model, the idea does not take account of complex blends of its genetic and environmental components. We discussed at length in Chapter 4 the phenomenon of gene-environment interaction. Genetic factors may express themselves in behavior only under certain environmental circumstances. For example, data suggest that this may be the case for schizophrenia. As noted, adoptees at genetic risk for schizophrenia are more likely to develop the full-blown syndrome if they are reared in troubled families. A similar case may hold for antisocial behavior, substance abuse, and depression. In Chapter 4 we argued that these relatively simple interactions between genetic risk and environmental circumstances were highly informative but might be atypical. Although these gene-environment interactions are unlikely in the samples we studied and using the measures we selected, the continuing search for them is important. If they are more plentiful than we now suspect, they may require us to revise our analyses and conclusions.

Moreover, other interactions --- such as those between shared and non-shared factors --- are possible. For example, the presence of a child with a chronic disability may alter a family's "shared environment"; that is, the presence of chronic disability may alter the family situation for all members. It is not just the disability itself that has this effect, but all the consequences of dealing with it. For example, these families must focus time, energy, and expense on the child with the disability. Moreover, the social networks of these families often include other families facing the same difficulty. Many of these families report feeling that they live in a world that is very different from that experienced by families whose children are healthy. It would not be surprising to find that all family members' behavior toward one another is shaped, to some degree, by this shared construct or self-identification as a family organized to serve the needs of a disabled child.

It is intriguing that in families of this kind differential parental treatment has very different associations with adjustment than it does in families in which all children and adults are healthy. In effect, there is an interaction between the quality of the shared environment and the apparent

impact of the nonshared environment. For example, in families in which the younger sib is disabled and the older sib is healthy, more parental positivity directed toward the younger sib than toward the older sib is associated with less depression and anxiety in the older, healthy sib. By contrast, in families in which there is no disability, more positivity toward the younger sibling is associated with more depression and anxiety in the older sib. This second finding is comparable to those obtained in our study. Apparently, the presence of a child with a disability provides the family with a distinctive frame for interpreting its own behavior: when more positive feelings are directed at a younger child in a family without a disability frame, this treatment is regarded as "favoritism." In a family with a disability frame, it is regarded as "legitimate support."

In sum, we were well aware from the outset of the conspicuous statistical armature of our idea about development and of the model's insensitivity to interaction among its components. Moreover, our sibling research design was ill-equipped to detect interactions of this kind. We did detect a few major interactions, such as the much higher heritability of antisocial behavior in girls versus boys, but because they failed to reach statistical significance, we have not reported them. Despite its limits, our simple idea about three classes of influences is a useful model for reviewing the data from our study. Many of our findings were surprising and challenged our initial ideas about the influence of genetic factors as well as the shared and nonshared environment.

Most important, we have revised our thinking about the genetic component of our model almost completely. For example, we were struck by the magnitude of change in genetic influence on measures of adjustment across the small span of three years between earlier and later adolescence. The most conspicuous example was genetic effects on sociability. Its overall heritability was substantial and stayed about the same from earlier to later adolescence. But fully half the genetic factors that influence sociability in early adolescence disappear, only to be replaced with new genetic influences later in adolescence.

We found similar changes, though smaller in magnitude, for genetic influences on family relationships. These changes were most notable for the limit-setting efforts of parents: surveillance, attempted control of adolescent behavior, and actual control. The data suggested that genetic change is a major engine in the many transformations affecting both adolescents and their families during this critical period of development. In retrospect, this finding is hardly surprising. Biological changes, from the endocrine changes of puberty to brain maturation, are a hallmark of the adolescent period. Moreover, there is a very intimate connection between some of these biological changes and family functioning. But the relationship between these phenotypic biological changes and the genetic changes we have observed in our own work, if any, remain to be deciphered.

In addition to suggesting the central role of genetic change, the data indicated a substantial blurring of the boundary of what we called "genetic" and "environmental" influences. The expression of genetic influences in many domains of adjustment may depend, as we have speculated, on specific links between heritable characteristics of children and particular family relationships. If this is the case, we can no longer think of these as genetic influences but as gene-initiated sequences, heavily involving the family and, perhaps, requiring specific family responses for their full expression in adjustment. This idea conveys a great deal more than the common notion that genes need the environment to express themselves in behavior. According to this more common and unassailable view, if children are not clothed, fed, taught to speak their native language, and taught the basic behavioral requirements of their culture, few genetic influences can express themselves in behavior, development, and adjustment. What is new in our formulation is the possibility of far more specific links among genetic factors, family processes, and adjustment. Our proposal is not simply that the environment has a general and nonspecific facilitative or preparatory role in the behavioral expression of genetic influences, but rather that specific family processes may have distinctive and necessary roles in the actual mechanisms of genetic expression.

We have also revised our conception of the shared environment. Our findings suggest that it is much more important than our original formulation held. First, shared environmental factors appear to regulate associations among family subsystems. For example, positive attributes of a marital relationship are highly correlated with warmth in parenting, which in turn is correlated with positive sibling relationships. The same set of findings applies to conflict in family relationships: if there is conflict in one, there is likely to be conflict in all. Shared environmental factors, perhaps intrinsic to the family, are the most significant component of all these associations.

Second, shared environmental factors are an important link between sibling relationships and adolescent adjustment. We have speculated that these effects may echo earlier shared environmental effects of parents: the sibling relationship may be a conservator of earlier parent-child relationships and their impact on children's psychological adjustment. We have termed this effect the "environmental echo."

Third, shared environment is a major component of the links between mother's, father's, and sibling's warmth and adolescent autonomy and sociability. We have suggested that shared environmental factors may be responsible for shaping the family's perception of itself and reflect its comfort, cohesion, confidence and initiative. The autonomy and sociability of the child are perhaps, among all the domains of adjustment, the clearest expression of the family's views of its social position.

Finally, much to our surprise, the nonshared environment remains a mystery, although many clues have emerged in the data. We had expected, of course, something more obvious. Surely, we thought, the non-shared environment that influences adjustment would be reflected in differential treatment of the children by their parents, or differential sibling experiences. We did indeed find these differential parenting and sibling experiences, and as expected, they had powerful associations with adolescent adjustment. Much to our surprise, however, virtually none of these associations was independent of genetic differences between the children in the same family. These associations of differential experience and adjustment clearly represent gene-environment correlations, not the nonshared, nongenetic influences our study was designed to identify Even our look outside the family was not rewarding. For example, we found that differential qualities of peer groups did not contribute to any domain of adjustment independent of genetic differences between siblings.

Nonetheless, we did discover important clues about the nonshared environment. First, nonshared factors are the most important source of environmental influence on most domains of adolescent adjustment. This finding was not surprising and indeed confirms the findings of almost all previous studies. Second, the nonshared environment is distinctive for each of the adjustment domains; the nonshared factors that influence one domain of adjustment do not overlap very much with those influencing other domains. Third, it is unstable from earlier to later adolescence. Fourth, by implication, whatever these nonshared factors are, they are not very highly correlated with our measures of family relationships, peer-group quality, or stressful life events.

The nonshared environment might simply turn out to be the residue of random but influential events that pile up in the course of most people's lives. According to this view, the individual is influenced by genetic and shared environmental forces that can be estimated and, in some specific cases, directly measured. Individual development is here conceived as a Brownian particle shaped by random hits of unpredictable events. Although this explanation "fits" all our findings on the nonshared environment, it is highly unsatisfactory. It is the precise logical equivalent of the statement, "We don't know what the nonshared environment is and have no good ideas about it, either."

The psychoanalytic perspective provided a more positive frame and the sinews of a more genuine explanation for experiences that are unique to each sibling in the family, that are unique for each domain of adjustment, and that change rapidly across time. The central idea drawn from psychoanalysis is that children develop very distinctive systems of representations of themselves and their social world over time; some of these cause them shame and guilt. For example, a healthy child with a severely disabled younger sibling can see him- or herself in a number of different ways: as fortunate, unfairly advantaged, neglected, expert in caretaking, subtly deformed, beatifically radiant, unusually autonomous, vulnerable to serious disability like the afflicted sibling, exceptionally fit, unfit to be a spouse, particularly suited to being a spouse, a member of a close and valiant family, a member of a stigmatized family, a prisoner in a "chronic disease ward," a carrier of a latent illness that will be passed on to children, or an experienced caretaker unusually qualified to raise children. As noted, representations of this kind could well explain differences between siblings in the same family. In this particular example they could explain the different responses of two healthy siblings who share the experience of having a sibling with a disability. Because these unique representations have different meanings for different children, this perspective could also explain why nonshared experiences do not account for correlations across domains of adjustment.

The psychoanalytic perspective provides a good way of thinking about how these distinctive representations develop as a reflection of accumulated but not necessarily random life experiences. Equally important, this perspective offers a way of thinking about how individuals may acquire several of these self-representations at the same time and how they may engender feelings of inner conflict. For example, many healthy children of siblings with a severe disability might feel guilty about their self-perceived success as survivors of a suffocating, illness-oriented family system. Such a representation might be in conflict with a second self-representation, that of a loyal caretaker of a stricken sibling. This concept of inner conflict --- central to the psychoanalytic perspective --- is a good explanation of the unstable influences of these representations. Clinically based research suggests that conflicting self-images of this kind may ascend at different times in response to different stimuli.

The psychoanalytic perspective also offers clues to powerful methods for detecting these individual and conflicting representations of self and of the social world. Developmental researchers are hobbled by their brief encounters with the children, adolescents, and adults they study. Even researchers who do extended longitudinal studies typically encounter their research subjects for at most a few hours a year. Moreover, these encounters are constrained by strict requirements that they be as uniform as possible across subjects. As noted, highly successful and objective methods for studying conflicting representations have been developed based on a much more intense, prolonged, and individually tailored contact between the researcher and the subject. Typically, these relationships are focused by the researcher's intense curiosity about the individual meanings the subjects ascribe to the nuances of their relationships with others and to their own behavior and feelings. Currently these methods are most appropriate in clinical settings, where the relationship is framed by therapeutic objectives. But the social science literature is replete with examples of interviews of comparable sensitivity and flexibility conducted in nonclinical settings. Our findings on both the importance and the elusiveness of the nonshared environment should provide broad encouragement to research theories and methods that help elucidate the unique perceptions and experiences of individuals as they unfold across time.

Even now, as this book draws to a close, the tripartite scheme shapes our thinking. Indeed, the modifications of the simple idea with which we started this effort are still phrased as changes to the "genetic," the "shared," and the "nonshared" components of this idea. Perhaps a more important transformation of this simple idea is yet to come: a set of empirically based concepts that spans these three domains; a set of ideas that permits us to understand how genetic, shared, and nonshared influences are organized as a coherent context of development. The idea of the relationship code, the principal synthesis offered in this book, does not address this issue. It best explains only a portion of the genetic component of our simple developmental idea. Even in the data we found evidence that a substantial component of genetic influence on adolescent adjustment may not be involved in the specific gene-environment correlations we could analyze. That is, even if the mediating role of family process accounted for all the gene-environment correlations we observed, there might be plenty of genetic influence on adjustment left over.  Nor does this idea have any relevance to the important findings on the shared and nonshared environment we have reported. Finally, the idea is still unproven.

Thus, if we continue to work within the tripartite structure, we will soon need an idea of how to bind these parts together. Even now the data suggest, in vague outline, a very distinctive view of psychological development. At its core this view centers on the family, not on the genes. For it seems that the family and our understanding of its remarkable virtuosity provide the key to grasping the three major influences on adolescent adjustment evident in the data. Indeed, we have found that the family's response to heritable characteristics in its members allows the expression of a range of genetic influences. Evolutionary process may somehow have seen to it that families are more uniform than not in this regard. It is far from clear that a family's response to heritable characteristics of its children depends on the responder's actually being in a family. For example, recall that mother's positivity and father's positivity have completely different genetic influences. Perhaps this difference has little to do with parents' roles in the family and simply reflects gender differences between adults in their responses to children. Similarly, the distinctive genetic influences on siblings, in contrast with parents, might simply reflect the substantial age differences between the two.

Perhaps the response of adults to infant cries is a simple paradigm of the parental and sibling responses we are proposing in the relationship code. Infant cries elicit strong and reliable emotional and physiological responses from adults whether or not they are parents and whether or not they are responding to their own children or to someone else's. Cries are a distinctive characteristic of individual infants, and adults who do not know the children can reliably distinguish the cries of one infant from those of another. Moreover, there are important differences across infants in adults' responses to their cries. For example, children at higher risk for developmental disorders emit higher-pitched cries, which convey a greater sense of urgency and evoke more changes in heart rate in listening adults. Likewise, cries resulting from hunger can be distinguished from those prompted by pain even if they do not always lead to differences in behavioral responses. Although there are important cultural differences in responses to crying, there is also considerable consistency across cultures in differential responses to different types of cries. Thus, adults are somehow equipped to respond with high levels of discrimination to emotional signals from infants. As children mature, this responsiveness of adults may be elaborated into a reliable and complex relationship code.

Thus, as a collection of attuned individuals, the versatile family we are conceiving may come equipped from the start with sensitivities to important signals from its children. But the versatile family can go far beyond that. As the relationships within the family unfold across time, the group's experiences of its own children may become an integral part of its collective life. They become part of its collective memory of times passed and a shared basis for viewing its place in the world.

In addition to this shared group perspective, individuals within families have considerable latitude to embroider their own constructions of themselves and others. The strong influence of the nonshared environment may reflect this fundamental feature of family life. The central importance of nonshared environment in psychological development, an importance firmly endorsed by the findings of this study, suggests that this individual latitude is a property of most families. Perhaps there are some dictatorial families in which a common view is enforced on all members, but if this were the rule, there might be little room for the nonshared environment in promoting both developmental success and developmental failure.

This view of the family is consistent with the data from our study but requires firmer evidence to support it. Nonetheless, as a conception it represents a serious threat to simple ideas of either biological or environmental determinism. From the environmental perspective, we are conceiving of capacities in the family that may be present from the very outset: capacities to respond to distinctive, heritable characteristics of its children --- and perhaps to signals from adult members as well. This feature of family life must be widespread, despite differences among families, if it is to account for the pervasive and strong gene-environment correlations observed in this study. In this book we have focused our interpretations on the constraints imposed by genetic factors in the children. But there is increasing evidence from other studies that genetic factors in parents may influence parental and marital relationships. Thus, these genetic influences on relationships limit the impact of distinctive features of the family itself. From the genetic perspective, if genetic factors require specific family processes for their expression, then biology is not destiny either. According to our hypotheses, many genetic factors, powerful as they may be in psychological development, exert their influence only through the good offices of the family.
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