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Preface

his book explores the hyphen in the phrase

nature-nurture. The hyphen is somewhatlike

the rabbit hole in Alice in Wonderland. After tumbling down the

hole, a quick glance around at this new world showsit to be an

expanding universe with galaxies of related issues. Becausethis

book mustbebrief, exploration of this hyphen-turned-universe

requires a telescopic focus on a few features of the terrain. The

focus of this book is nurture (environment) as viewed from the

perspective of nature (genetics).

The book’s purview is limited in ways implied by the phrase

nature-nurture. Most importantly, the book is limited to individual

differences. It considers nurture and naturein termsoftheir inter-

play in the developmentof characteristics that differ among mem-

bers of the human species rather than characteristics that are

typically manifested by members of our species. In relation to

genetics, it considers DNA differences among individuals that are

heritable in the Mendelian sense of transmission from generation

to generation rather than the vast majority of DNA thatis the same

for all members of our species. Similarly, the focus is on environ-

mental differences such as differences in the language-learning

environment that parents provide for their children, rather than

the fact that nearly all members of our species are exposed to

xlil
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languageearly in life. This focus on the etiology of variations on
species-typical themes helps to keep the discussion empirically
grounded becausethe etiologyof individual differences is more
amenable to empirical investigation than species-typical develop-
ment (Plomin, DeFries, & Fulker, 1988). Althoughit is important

to consider species-wide themes as well as variations on these
themes (Mayr, 1982; McCall, 1981; Scarr, 1992), it is also important

to emphasize the distinction between them because the processes
involved in the developmentof individual differences can differ
greatly from the processes responsible for species-typical devel-
opment. For example, our species has evolved to use language
naturally, requiring only minimal exposureto the species’ evolu-
tionarily expected environment. However,it is likely that differ-
ences amongchildrenin their facility with languageareat least in
part due to differences in the language-learning environments
providedbytheir parents. This issue and basic theory and methods
of quantitative genetics as they are applied to the study of individual
differences in behavior are described elsewhere (Plomin, 1990a;
Plomin, DeFries, & McClearn, 1990).

Not only is the book limited to viewing nurture from the per-
spective of nature, it also focuses on just one feature of this view.
The core of the book is an important empirical phenomenonthat
has been discovered during the past decade: Genetic factors con-
tribute to measures of the environmentthat are widely usedin the
behavioral sciences. This phenomenon, which could becalled the
nature of nurture, is useful in providing an empirical grounding
for a discussion of what is meant by nature, by nurture, and by the
interplay between them.
The book beginswith a general discussion of what we mean by

nature and what we mean bynurture, with an eye on the hyphen
between them. It attempts to show that contemporary research
and theory in genetics and in environment are evolving toward
each other. Without a doubt, someof the most interesting questions
for genetic research involve the environment and someof the most
interesting questions for environmentalresearch involve genetics.
Chapters 2 and 3 document the phenomenonofthe genetic contri-

bution to environmental measures for familial and extrafamilial
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environments, respectively. The hyphen itself comes back to cen-

ter stage in the final two chapters. Chapter 4 asks what mediates

this genetic contribution to environmental measures. Chapter 5

presents a theory of the genetics of experience. The argument

developedis that finding genetic influence on environmental mea-

sures does not simply imply that environmental measures ought

to be cleaned up sothat they are no longer influenced by genetic

factors. The largerissue is that genetic factors contribute to expe-

rience itself. That is, genetics plays a role in the active selection,

modification, and even creation of environments. This provides a

window through which the hyphen between nature-nurture can

be explored empirically.

I am grateful to C. Deborah Laughton, the Sage Editor of this

series, for suggesting that I write this book, and to Judy Dunnfor

her wise counsel throughout the book’s development. The book has

profited considerably from reviews by Dorothy Bishop, Avshalom

Caspi, Craig Edelbrock, John Loehlin, Michael Rutter, Jim Steven-

son, Irwin Waldman, and Ted Wachs. The book was written on

sabbatical leave from The Pennsylvania State University, sup-

ported by a James McKeen Cattell Sabbatical Award, a Fogarty

Senior International Fellowship, and a Fulbright Scholar Award.

Research on genetics and experience was gleaned from several

longitudinal behavioral genetic projects generously supported for

many years. The Colorado Adoption Project (J. C. DeFries, D. W.

Fulker, and R. Plomin, coinvestigators) is supported by the Na-

tional Institute of Child Health and Human Development (HD-

10333, HD-18426) and the National Institute of Mental Health

(MH-43899). An extension of the Colorado Adoption Project on

mother-sibling interactions (J. Dunn, D. W. Fulker, and R. Plomin)

is supported by the National Science Foundation (BNS-9108749).

Support for the Nonshared Environment in Adolescent Develop-

ment project (E. M. Hetherington, R. Plomin, and D. Reiss) is

provided by the NationalInstitute of Mental Health (MH-43383).
The Swedish Adoption/Twin Study of Aging (G. E. McClearn, N.

Pedersen, and R. Plomin) is supported by the NationalInstitute of

Aging (AG-04563) and the MacArthur Foundation Research Net-

work on Successful Aging. I am also grateful to my current and



XV1 GENETICS AND EXPERIENCE

recent predoctoral and postdoctoral students who have done most
of the work: Cindy Bergeman,Julia Braungart, Heather Chipuer,
Beth Manke, Shirley McGuire, Jenaé Neiderhiser, Alison Pike,

Richard Rende, and Kim Saudino. David Rowe,thefirst graduate

student with whom I worked, conducted the pioneering research
in this field more than a decade ago.

Finally, I dedicate this book to the father of the moderneraof
humanbehavioral genetics, Steven G. Vandenberg, who died Au-
gust 27, 1992. His papers on twinresearchin the 1960s were among
the first papers I ever read in behavioral genetics. The creativity
and clarity of these papers drew meinto thefield. As a graduate
student, I never dreamed that I would be lucky enoughto behis
colleagueat the Institute for Behavioral Genetics in Boulder, Col-
orado. He was a walking library—I have yet to meet anyone who
knows as much about so manythings. Always eagerto talk, he
was full of good ideas that he shared freely, even with a new
assistant professor.
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he geneticist C. D. Darlington, in a popular

1953 book called The Facts of Life, foreshad-

owed the main themesof this book, almost offhandedly. He sug-

gested that genetics contributes to experience, and he succinctly
described the processes of passive, reactive, and active genotype-
environmentcorrelation, which are central to the present book:

In this world no two individuals have to put up with the same
environment: we have a choice. . . . It may be a passive choice in
which weaccept oneof the possibilities that is offered to us. Heredity
may then indeed be said to “respond” to the environmentas the
textbookstell us. But it may be an active selection. We may even create
to a greater or lesser extent the environment we want. (Darlington,
1953, p. 302)

Darlington’s book received a scathing review by two other
well-knowngeneticists, Th. DobzhanskyandL. S. Penrose. Their

criticisms centered on the book’s hereditarian bias, but they spe-

cifically took exception to Darlington’s suggestion that genetics
contributes to experience:

Most readers will have plenty of evidence ready to handindicating
that environments in which menlive are tremendously diversified
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and that this diversity influences human personality. To counteract
this bias, the authoroffers a theory of his own, which can be admired
as a tour de force of casuistry. It is as follows: man chooses his envi-

ronment; the environmentchosen is determined by the genotype of
one whochooses;ergo, the environmentaleffects are not environmen-

tal but genetic! (Dobzhansky & Penrose, 1955, p. 77)

With proper qualification, this “tour de force of casuistry” is the

themeof the present book. The qualifications are important: Peo-

ple to some extent choose their environments; the environments

chosen are influenced by, not “determined by,” the genotypes of

those who choose. Moreover, many environments are not chosen

as much as imposed, butthese, too, could be imposed to some extent

on the basis of genetically influenced characteristics of individuals.

Thereal difference, however, is data. The goalof this bookis to review

recent researchthat has investigated this issue. Darlington’s hypoth-

esis of a correlation between genetics and experience is no longer

guilty of the charge of casuistry because research consistently

converges on the conclusion that genetic factors contribute to

many widely used measures of the environment. Chapters 2 and

3 review relevant research. Chapter 4 explores factors responsible for
the genetic contributions to measuresof the environment and Chap-

ter 5 presents a theory of genetics and experience.

The purpose of this chapter is to examine what is currently

meant by nature and by nurture, with the goal of showing that

modern theory and research on both nature and nurture are con-

verging on the interface between them. Someof the mostinterest-

ing and fundamental questions about genetics, even at the level
of the molecular biology of DNA,involve the environment. Simi-

larly, some of the most interesting and fundamental questions
about the environmentinvolve genetics. Unlike subsequent chap-

ters, which are relentlessly empirical, this chapter provides a
general discussion of current issues in the fields of molecular

biology and of environmental research. Readers who are impa-

tient to get to the data are encouraged to skip to the next chapter.

The relationship between nature and nurture has been discussed
since antiquity. The modern discussion began with a cousin of
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Charles Darwin, Francis Galton. Galton coined the phrase nature-

nurture in the scientific arena. For Galton, the question was the

relative importance of nature and nurture. He left no doubt as to

which he considered to be most important:

There is no escape from the conclusion that nature prevails enor-
mously over nurture when thedifferences of nurture do not exceed
whatis commonly to be found amongpersonsof the samerankin the
same country. (Galton, 1883, p. 241)

During the first few decades of this century, similarly extreme
hereditarian views were held by other scientists. These views
collided with the emerging environmentalist extremism best por-

trayed by Watson, who argued that “there is no such thing as an

inheritance of capacity, talent, temperament, mental constitution

and characteristics” (Watson, 1925, p. 74). In what must be the

most quoted quote in psychology, Watson’s give-me-a-dozen-

healthy-infants challenge in his book Behaviorism was reiterated
throughouthis writings:

The behaviorists believe that there is nothing from within to develop.
If you start with the right numberof fingers and toes, eyes, and a few
elementary movementsthat are presentat birth, you do not need any-
thing else in the way of raw material to make a man,be that man genius,
a cultured gentleman, a rowdy or a thug. (Watson, 1928,p. 41)

Is there a single scientist today whotruly believes in either the
hereditarian or environmentalist extreme? A century of research
in the field of behavioral genetics has shownthat genetic influence
is significant and substantial for most areas of behavioral devel-
opment, even though it is not true that “nature prevails enor-
mously over nurture” (Plomin & McClearn, 1993). For sometraits
such as cognitive abilities, genetic differences among individuals
can accountfor abouthalf of the variance in test scores. Seldom in

the behavioral sciences do wefind factors that account for so much

variance. Mostof thestatistically significant findings that fill our
textbooks accountfor less than 5% of the variance. Nonetheless,if
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genetic differences accountfor half of the variance, this meansthat

genetic differences do not account for the other half. As an anti-

dote to the mistaken notion that the goal of behavioral geneticsis

to demonstrate that everything is genetic, I would argue that

behavioral genetic research has provided the best available evi-

dence for the importance of the environment.

It was a reasonable first step in nature-nurture research to ask

how much nature and nurture contribute to variability in behav-

ioral development. If heredity were unimportant, as most psy-

chologists believed during the reign of environmentalism in the
1950s and 1960s, it is irrelevant to ask how nature and nurture

interact during development. Similarly, if environment is viewed

as unimportant, it is not interesting to ask how nature and nurture

interact during development. Such a view is probably inconceiv-

able for most behavioralscientists. However, as the research pen-

dulum swings from nurture to nature in many fields such as

psychiatry, it is important to emphasize the point just made: The

same quantitative genetic data that have madethe case for the

importance of genetic differences also provide strong evidence for

the importance of nongenetic factors. Moreover, quantitative ge-

netic methods facilitate new approaches to understanding the

environment—oneof these approachesis the theme of this book.

The main reason why nature-nurture research has focused on

the “how much”questionrather than the “how”question (Anastasi,

1958) is that the methods of human quantitative genetics, twin and

adoption studies, have been available to address the “how much”

question. The “how”question is moredifficult. At the outset, it

should be emphasized that this book makes no pretense of ad-

dressing the “how” question in its general form. This is a multi-

faceted question and very few of its facets seem susceptible to

empirical investigation. Instead, the keystone for this book is a

finding that has emerged during the past decade: Many measures

widely used in the behavioral sciences as indices of the environ-

ment show a genetic contribution. Chapters 2 and 3 describe this

phenomenon, andtherest of the book attempts to interpretit.

Thefirst half of this chapter sets the stage by discussing new

developments in genetic theory and research in the molecular
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biology of DNA. These developments are moving the investiga-
tion of nature closer to nurture. The second half of the chapter
considers contemporary environmental theory and research that

is moving the investigation of nurture closer to nature.

Nature

In genetics, the word nature refers to what is typically thought
of as inheritance. Inheritance denotes DNAdifferences transmit-
ted from generation to generation. In 1865, Mendel noted the
discrete inheritance of single-gene traits in pea plants, such as
smooth versus wrinkled seeds. In contemporary humangenetics
as well, the focus is on genetic differences among individuals,
such as genesfor differences in eye color, not the vast majority of
DNAthatis the same for all membersof our species.
The word nature in this context does notrefer to the nature of

the humanspecies.It refers to Galton’s use of the word to denote
genetically instigated differences among individuals within the
species. Evolutionary arguments about the adaptiveness of spe-
cies-typical characteristics are not irrelevant and theycertainly are
beguiling. However, the links betweensuch species-typical evolu-
tion and genetic sources of individual differences are much looser
than is often assumed. Sociobiology (e.g., Wilson, 1975), evolu-
tionary psychology(e.g., Buss, 1991), and developmental psycho-
biology(e.g., Harper, 1992) primarily address differences between
species, although attempts have been madeto incorporate indi-
vidual differences (Dawkins, 1983; DeKay & Buss, 1992). Because

the raw material of evolution is genetic variability, it is easy to
make the mistake of assuming that evolution implies genetic
variability within a species and vice versa. For example, the natu-
ral use of language in the humanspecies may be hardwired by
evolution for language acquisition to occur if the minimal envi-
ronment encountered by our species during development, most
notably, another languageuser,is present.If it is the case that our
species is a natural language user, this does not imply thatdiffer-
ences among individual membersof the species in their facility
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with language are also genetic in origin. Individual differences in
language acquisition could be entirely environmental in origin.
The causes of average differences between species are not necessar-
ily related to the causes of individual differences within groups.
Moreover, characteristics that have been subject to strong directional
selection will not show genetic variability because strong selection
exhausts genetic variability. In other words, when genetic vari-
ability is found among individuals within ourspeciesfor a partic-
ulartrait, it is likely that the trait was not important evolutionarily,

at least in termsof directional section. Although the two perspec-
tives need to be brought closer together, this book focuses on

genetic differences between individuals in a species rather than
genetic differences betweenspecies.

In addition, the word nature is not synonymous with DNA.
Many DNAeventsare not inherited. The most important of these
are the changes in gene expression that occur in responseto events

in the intracellular and extracellular environment, a topic empha-

sized in this chapter. As this chapter movesinto the gray area at
the interface between genes and environment, it may be helpful
to think about identical twins as a check on whatis genetic in the
sense of inheritance. Identical twins are identical for all genetic
events coded in DNAat conception. To the extent that changes in
the expression of DNAare brought about by environmental fac-
tors not controlled by DNAasit is inherited at conception, iden-
tical twins can differ. Changes of this type, although they involve
DNA,are initiated by environmental factors. They are not inher-
ited. It should be noted that this definition of environmentasall
noninherited factorsis a far broaderdefinition of the environment
than is usually considered. Althoughit is easy to argue about the
breadth of this definition, all definitions are arbitrary—it is only

important that they be explicit and useful.
In this section, classical structural genes are briefly described,

followed by more detailed consideration of regulator genes that
engage in a dialogue with the environment. Two current evolu-

tionary theories relevant to the interface between nature and
nurture are then discussed. The section ends by returning to
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quantitative genetic theory and methods, which provide the em-
pirical foundation for the rest of the book.

DNA

The molecular mechanism for the laws of inheritance discov-
ered by Mendellies in the double helix of DNA.Thestepsof the
spiral staircase comprise pairs of four nucleotide bases (adenine,
thymine, cytosine, guanine) that can occur in any order on one

side of the double helix. The other side of the doublehelix is fixed
because adenine always pairs with thymineand cytosine always
pairs with guanine.

The human genomeconsists of more than 3 billion nucleotide
basepairs, just considering one memberofeach of the 23 pairs of
chromosomes. When Watson and Crick reported the structure of
DNAin 1953, they realized that this structure suggests a mecha-
nism for the two major functions of genes, self-duplication and
protein synthesis. DNAcopiesitself by unzipping in the middle
of the spiral staircase, with each half forming its complement.
Mitosis is the DNA duplication of all chromosomesthat occurs in
all nongonadal cells to produce offspring cells identical to the
parental cell. In the gonads, meiosis also duplicates DNA but
produces eggs and sperm that contain only one memberof each
pair of chromosomes. The egg fertilized by the sperm thus con-
tains the full complementof 23 pairs of chromosomes.
The other major function of DNAis transcription and transla-

tion of the genetic code. The code wascracked in the 1960s: The
hereditary message of DNAlies in three consecutive nucleotide
bases, a sequencethat codesfor 1 of 20 aminoacids. For example,
a sequenceof three adenine bases codes for the amino acid phe-
nylalanine. The central dogma of DNAdescribes how this codeis
transcribed into messenger RNA, which movesoutside the nu-
cleus of the cell andis translated by ribosomesin the cell bodyinto
amino acid sequencesthatare the basic building blocks of proteins
and enzymes.
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STRUCTURAL GENES

Genes that code for proteins and enzymesarecalled structural

genes. They represent the foundation of classical genetics. For

example, 50 years ago, mutational research on common bread

mold, Neurospora, showed that each enzymatic step in normal

metabolic sequences is underthe control of a single gene, giving

rise to the “one-gene, one-enzyme” hypothesis (Beadle & Tatum,

1941). The first single-gene disorders discovered in the human

species such as phenylketonuria (PKU; Folling, Mohr, & Ruud,

1945) involved metabolic disorders caused by mutationsin struc-

tural genes.

Structural genes are not conduciveto thinking aboutthe dialogue

between genes and the environment becausetheyare largely deaf to

the environment. Structural genes do not change in responseto the

environment. Whenevertheyare transcribed, they crank out their

gene product regardless of the environment. Of course,in a larger

perspective, natural selection and structural genes carry ona loud

conversation. And of course structural genes cannot have their

effect in a vacuum—their functioning requires the cellular and

extracellular environment in whichthe species evolved. Nonethe-

less, there is no back-and-forth dialogue between structural genes

and the immediate environmentof the individual.

Consider PKU, which, like most genetic diseases, is a recessive

genethat escapesthe scrutiny of natural selection more easily than

a dominant gene. For an individual with a double dose of PKU

alleles, this particular DNA sequence on both chromosomesis

transcribed andthentranslated into a sequence of aminoacids.In

its normal (non-PKU)state, this sequence of amino acids is the

enzyme phenylalanine hydroxylase, which converts phenylala-

nine to tyrosine. For the PKU allele, the amino acid sequenceis

slightly different and results in phenylalanine hydroxylase that

does not work properly in converting phenylalanineto tyrosine.

Phenylalanine levels in the blood rise as phenylalanineis ingested

in a widevariety of foods, particularly meats. As phenylalanine

builds up in the blood, it depresses the level of other amino acids,

depriving the developing nervous system of needed nutrients. In
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this way, the PKUallele leads to severe mental retardation. We can

change the environment to accommodate the gene(the well-known

therapy for PKU is to reduce phenylalanine in the diet), but the

gene doesnot changein its structure or function in response to the

environment.

Although most peoplestill think about genetic effects in terms

of structural genes like PKU,the vast majority of genesare notlike

this. Most genes code for products that bind with DNAitself and

serve to regulate other genes. These so-called regulator genes

communicate closely with the environment. The phrase regulator

gene does not do justice to this communication process because the

word regulator denotes one gene controlling another. Whatis inter-

esting about these genesis their interplay with the environment.

The classic example of gene regulation is the lac operon model.
It is a good starting point for considering the dialogue between

nature and nurture.

NATURE-NURTURE AT A MOLECULARLEVEL:

THE LAC OPERON MODEL OF GENE REGULATION

Moststructural genes, including the gene for phenylalanine

hydroxylase, are responsive to the environment both inside and
outside of the cell becausetheir transcription is controlled by regu-

lator genes whose functionis to respond to the environment. Thefirst

andstill one of the best understood examples of gene regulation

occurs in the single-celled bacterium E. coli. B-galactosidase is an

enzyme that metabolizes lactose, a saccharine substance in milk
that is a major energy source of the gut-dwelling E. coli. One

simple evolutionary strategy for ensuring that lactose can be me-

tabolized would havebeen to hardwirethe gene that codesfor this

lactose-metabolizing enzymeso that it is constantly transcribed
and translated regardless of lactose in the environment. Thisstrat-

egy would guarantee that the necessary enzyme wouldbe present
wheneverthe bacterium encounterslactose.

However, evolution seldom takes this simple but wasteful route.
A bacterium produces about 700 different enzymes. If each of

these enzymes were continuously pumped out, there would not
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be enough storage room inside the cell to accommodate them.
Also, there is an energy cost in producing enzymes. Even for the
lowly single-celled bacterium, natural selection has employed an
alternative strategy that is responsive to the environment. Since
the 1950s, it has been known that enzyme synthesis could be
turned on or off by the presence of the lactose substrate. In a
lactose-rich environment, E. coli contain thousandsof B-galacto-

sidase molecules. In contrast, when E.coli are placed in environ-

ments withoutlactose, there are just a few of these molecules. This
responsiveness to the environmentprimarily involves transcrip-
tion, the synthesis of messenger RNA. Messenger RNAin bacteria
is short-lived, existing for only 2 to 3 minutes. The number of
messenger RNA molecules of B-galactosidasein E. coli varies from
35 to 50 in a lactose-rich environmentto less than one molecule on
averagein the absenceof lactose.
Understanding how bacteria regulate the production of this

enzymein responseto their environmentled to a Nobelprize for
Jacob and Monod. In 1961, they proposed a model, called the
operon model, in which the product of one geneserves to regulate
another gene in response to the environment. For lactose and the
production of B-galactosidase, the operon system is called the lac
operon (see Figure 1.1). The structural gene that codes for B-
galactosidase consists of 3,510 nucleotide bases. Adjacentto this
structural gene is a short sequence of 21 nucleotide basesthatis
an on-off switch. This switch, called the operator sequence(not a
gene becauseit does not code for anything), determines whether
the structural gene will be transcribed. The combination of the
structural gene and the operator sequencewascalled an operon by
Jacob and Monod.Thereare also short promoter regionsclose to
the structural gene that guide the enzyme, polymerase,to initiate
RNAtranscription at precisely the right place.
The operon switch is thrown by the product of another gene,

called a regulator gene, which is often far away from the operon.
For B-galactosidase, the regulator gene consists of 1,041 nucleotide
bases and codes for a product consisting of a sequence of 347
amino acids. This product, called a repressor, binds with the

operator sequence of the structural gene. Whenthis occurs, the
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Operator Structural
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Sequence Gene

Figure 1.1. The operon model of gene regulation in the absence (panel a)
or presence (panel b) of the regulatory metabolite (lactose in the case of
the lac operon). In the absence of the regulatory metabolite, the repressor
binds to the operator and the structural geneis not transcribed. When the
regulatory metabolite is present, the repressor bindsto it rather than to
the operator, thus freeing the structural gene for transcription.

switch is turned off. That is, the repressor represses the operator
sequencein the sense that transcription of the structural geneis
inhibited. The key to the operon modelis that this same repressor
bindspreferentially to lactose. Whenlactoseis present, the repres-
sor binds to lactose rather than to the operator sequence. This
switches the operator sequenceto the “on” position, whichal-
lows transcription of the structural gene. Whenall the lactoseis
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metabolized, there are no more lactose molecules with which the

repressor can bind. The repressor then binds with the operator

sequence, shutting downthe operonuntil lactose next appears.

Thestory of regulation of B-galactosidase was found to be more

complicated. Activation of the operon requires, in addition to

freedom from repression, binding of cyclic adenosine monophos-

phate (CAMP)and a catabolite activator protein (CAP) to a region

of the gene, called a promoter region, that is involved in the

transcription process. This additional complexity illustrates the

nature of regulatory systemseven for this simplest example of the

lac operon. Glucose regulates cAMP production. As glucose in-

creases, cAMP decreases. As cAMP decreases, it disables CAP.

CAPis needed to guide polymerase to transcribe the lac operon.

Thus, in the presence of glucose, the lac operon can be turnedoff

even whenlactose abounds, which meansthat the operonis freed

from lactose repression. This system thus preferentially metabo-

lizes glucose before metabolizing lactose. An additional example of

the systems nature of gene regulation is that the lac operon coordi-

nates the expression not only of the B-galactosidase gene but also
genes for a permease enzymeand a transacetylase enzyme.
The point of this exampleis to illustrate how,at the mostbasic

level of molecular genetics, genes respond to environments. Lac-
tose comes from the environmentoutside the cell. By meansof the
operon system of negative feedback andother regulatory systems,
the B-galactosidase geneis transcribed to produce B-galactosidase
only whenit is needed, that is, when lactose is present.

GENE REGULATION IN MORE COMPLEX ORGANISMS

In organisms more complex than bacteria, mechanismsof gene

regulation are much more diverse than the simple operon model

(Maclean, 1989). For example, the transcription of many genesis

modulated by so-called enhancer sequences that can greatly in-

crease a gene’s rate of transcription. These sequencesare particu-

larly interesting in the present context because their activity can

be induced by environmental events such as heat shock, exposure

to heavy metals, and viral infection (Gluzman & Shenk, 1984).
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Unlike bacteria that are called prokaryotic because they have no

nucleus, genes for eukaryotic organisms with nucleiare typically

“split” genes. A split gene refers to DNAthat contains segments,

called introns, that are excised from “precursor” RNAthatis

initially transcribed from DNA. The remaining RNA segments

(exons) are then spliced back together before this sliced and

spliced messenger RNAleaves the nucleus for translation into

amino acid sequencesin the cell body. For example, the human

B-globin gene includes 92basepairsin its first exon, 138in thefirst

intron, 223 in the second exon, 889 in the second intron, and 123

in the third exon. Althoughthe function of this complicatedslicing

and splicing process is not understood, introns mayservea regu-

latory function. It is known that different gene products can be

coded by the same gene throughalternative genesplicing, thatis,

splicing the RNA in different ways.

Some regulatory mechanisms have widespread effects on many

genes. One example involves the small proteins called histones

that combine with DNAto form the structure of chromosomes.

Althoughhistones were thoughtto dolittle more than to contrib-

ute to the structure of DNA, research now indicates that they

initiate and repress transcription (Grunstein, 1992). Another ex-

ample of far-reaching regulatory effects is hormones that modify

the expression of diverse genes throughout the body. Hormones

bind to cell receptors and then move through thecell to the

nucleus where the hormone-receptor complex binds to DNA and

participates in the regulation of transcription (Yoshinaga, Peterson,

Herskowitz, & Yamamoto, 1992). Genes are also responsive to

environments outside the bodysuchas nutrition. The functioning

of genesis also regulated by psychological environments. As you

read this, you are changing rates of transcription of neurogenes

involved in synthesis, storage, binding, and re-uptake of neuro-

transmitters and neuromodulators (Blacketal., 1987).

In more complex organisms, it is especially apparent that ge-

netic regulation is a system. For example, it is now widely ac-

cepted that gene expression is regulated by diverse transcription

factors that bind to DNA andoperate as a committee voting on the

transcription of particular genes. A recent example involves bird
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songs. Songs similar to the species’ song induce gene expression
in the forebrain of canaries and zebra finches (Mello, Vicario, &
Clayton, 1992). The gene that is induced by the relevant song
codes for a transcription factor that regulates the transcription of
other genes. This work is part of a major effort in neuroscience to
investigate how experience regulates gene expression in neurons.
For example, tweaking a rat’s whiskers causes changes in gene
expression in the sensory cortex (Mack & Mack, 1992). The picture
that is beginning to emergeis one of a complex system ofinteract-
ing transcription factors.
Although the preceding examples involve regulation of tran-

scription of DNA into RNA,regulation can also occurafter tran-
scription. For example, the time it takes to degrade messenger
RNA can be regulated, whichaffects the time the RNAis available
for translation. Someregulation also occurs duringthe translation
process. For example, messenger RNAsdiffer in the rate at which
they are translated. Regulation even occursafter translation, as
genes are involved in the sorting of proteins within cells and the
delivery of proteins to their proper destinations.

For the present purpose,the details of gene regulation are less
important than the general message: The products of many genes
function in regulating the transcription and translation of other
genes in responseto the internal and external environment.It is
now thought that much moregenetic information is used to reg-
ulate, design, and to organize than to build (Lawrence, 1992).
These examples of gene regulation help to demystify the interface
between genes and environmentat the molecularlevel by indicat-
ing mechanismsby which genes respond to environments.

GENE REGULATION AND DEVELOPMENT

Long-term developmental changeis the key question of devel-
opmental biology. How do webegin life as a single cell and
becomean organism withtrillions of cells with different functions
even though eachcell has the same DNA?Thegeneral answeris
that DNAis turned on andoff in different cell systems by longer
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term regulatory processes that may be similar to the short-term

regulatory processes described in the precedingsection.

Short-term regulatory mechanisms obviously require genetic

adaptation to the environment,as in the example of the lac operon.

However, it seemed reasonable to molecular biologists to suppose

that the long-term control of developmentis notleft to the vagar-

ies of the environment. For this reason, they assumedthat develop-

mentis genetically programmed. Thus, in the 1970s developmental

molecular biologists set out to find the genetic code for develop-

ment, emulating research in the 1960s that discovered the genetic

code by which structural genes are translated into polypeptides.

Now, however,it is generally recognized that there are no genes

that program the unfolding of development.

Sydney Brenner, whoinitiated developmental genetic research

on the nematode roundworm, madethis point well in a Science

interview:

At the beginning it was said that the answer to understanding of

developmentwasgoing to come from a knowledge ofthe molecular

mechanismsof gene control. . .. [doubt whether anyonebelieves that

anymore. The molecular mechanismslook boringly simple, and they

don’t tell us what we want to know. We haveto try to discover the

principles of organization, how lots of things are put together in the

sameplace.I don’t think theseprinciples will be embodiedina simple

chemical device, asit is for the genetic code. (Lewin, 1984, p. 1327)

To this I would add that the principles of organization involve a

dialogue between genes and environment.

For example, a thousand complex molecules must be synthe-

sized in a specific sequence during the half-hour life cycle of

bacteria. It used to be assumedthat this sequential synthesis was

programmed genetically, perhaps by assembling the proper se-

quence of enzymesas a single coordinated unit so that component

enzymes would passefficiently from one step to another. There

are in fact some genes whose geneproducts bind to DNAthatare

programmed to be expressed at specific times in development.

Moreover, some genes are used and then are programmed to be

reused to serve a different function later in development.
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In general, however, the developmental sequence is not pro-

grammedin the genes. Evolution has not worried about making
life easy for developmentalists by hardwiring neat sequential
programs. Natural selection builds upon whatis available and
what works in the evolutionarily expected environment of the
species at each step in development. The frequency of a mutant
gene increases in a populationif it has a positive effect on repro-
ductive fitness in the complex contextofall of the developmental
interactions among other gene products of the organism.In this
sense, developmentis not programmed in DNA.It is the jerry-
built result of millions of small experiments to sculptan efficient
and effective reproducing organism in the context of the compli-
cated systems of environments in which the species has evolved.

In other words, whentheentire 3-billion base-pair sequenceof
nucleotide bases is known,it will not, in itself, tell us how devel-
opmentoccurs. Developmentis the result of regulatory processes
that involve a dialogue between genes and theintracellular and
extracellular environment.

GENE REGULATION AND INDIVIDUAL DIFFERENCES

These examplesof gene regulation focus on species-typical pro-
cesses. Whataboutindividual differences in these processes? The
short answeris that the origins of individual differences in these
processesare not necessarily genetic even though generegulation
involves DNA.For example, environmentaleffects can easily ac-
count for differences amongbacteria in lactose metabolism. Some
bacteria encounter much more lactose than others, especially when
the stomach in which they live belongs to an individual who con-
sumes dairy products. If we assessed lactose metabolism of E.coli
in the guts of several individuals, environmental variability could
accountfor muchof the observedvariability amongbacteria in the
degree to which they metabolize lactose.
Genetic differences among bacteria canalsoaffect differences in

lactose metabolism. Because B-galactosidase is so vitalto E.coli,
mutational variations in the 3,510 nucleotide bases of the structural
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gene are notlikely to survive natural selection, although such vari-
ability has not beencarefully studied. Nonetheless, supposethat 1 of
the 3,510 bases allowed a mutational substitution. The resulting
B-galactosidase mightbe slightly more orless efficient in metaboliz-
ing lactose. This would lead to a genetic contribution to differences
among bacteria in the degree to which they metabolize lactose.
Anotherpossibility is that a mutation in the regulator gene might
alter the binding capability of the repressor, slightly affecting its
ability to turn on andoff the operator sequenceof the structural gene.
Genetic contributions to individual differences in the lactose-

metabolizing ability of bacteria can also accumulate from pro-
cesses beyond the operon. For example, metabolism of lactose
dependsonthe detection, capture, and transportof lactose mole-
cules from the environmentoutside the cell. SomeE.coli may be
better at seeking outlactose in their environment andin making better
use of it when they find it. Genetic effects on lactose-metabolizing
ability include genetic variability in any of these components of the
system, not just the structural gene or the regulator gene of the lac
operon.

This simple example ofgene regulation in a single-celled organ-
ism suggests a modelof the interface between genes and environ-
ment for complex organismsas well. It shows how environments
affect the function of genes. It also suggests how genescanaffect
experience. Genetic and environmental differences amongbacte-
ria can affect their ability to metabolize lactose and their ability to
create a lactose-rich cellular environmentby successful search, iden-
tification, capture, transport, and handlingoflactose molecules. This
attempt to eavesdrop on the dialogue between nature and nurture
characterizes emerging research on genetic regulation.
The main message is that gene regulation has evolved, inall

organisms but especially in complex organisms, to make genes
responsive to the environment. In addition, genetic variability in
regulatory processes results in differences in the way organisms
use their environments. When specific genes are found that are
responsible for genetic effects on experience, they are likely to be
genes involvedin regulation rather thanstructural genes.
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SELECTION, INSTRUCTION, AND ADAPTATION

As mentionedearlier, initial work in developmental molecular

genetics tried to find genetic programs coded in DNAthatdirect

development. However, it is now recognized that nature and

nurture play a duet. Going against this flow is an emerging theory

in neuroscience that focuses on genetic programming. The theory

is described in recent books by Gerald Edelman (1992) and Michael

Gazzaniga (1992). This theory is called selectionist and it contrasts

alternative viewsas instructionist. The essenceof the selectionist

argumentis that whatlooks like instruction from the environment

maybeselection from built-in options.

The distinction between selection and instruction comes from

immunology, where selectionist theory triumphed over the in-

structionist view. Antibodies are produced to neutralize antigens.

Becausethere are at least a million different antibodies, more than

the whole genomecould possibly program, it was assumed that

the body creates antibodies as somehowinstructed by intruding

antigens. Lymphocytes were thought to produce undifferentiated

antibodies. When these meet an intruder molecule, they use the

antigen as a template, folding aroundit, and neutralizing the

antigen. The antibody’s new configuration is locked in and the

antigen is released so that other antibodies can be formed fromit.

The next time this reconfigured antibody meets the same type of

antigen, its new configuration allowsit to recognize the antigen

quickly and to neutralize it.

Contrary to this instructionist hypothesis, it is now known that

antibodies are selected from preexisting antibodies. First pro-

posed at the turn of the century, selection theory was developed

in its modern form more than 30 years ago (Burnet, 1959). Anti-

bodies are receptors on lymphocytecells, each of which codes for

a specific antibody. Crucial to creating the needed diversity of

antibodies is a hypervariable region of the antibody discovered by

Edelman for which he won a Nobelprize in 1972 (Edelman, 1970).

Genetic processes unique to genes of the immunesystem,such as

recombination of gene segments and increased mutations, create

this variability in DNA in the hypervariable regionsof antibodies
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(Leder, 1982). These processescreate the billions of lymphocytes
that produce diverse antibody receptors. The antibody receptors
are sufficiently diverse to provideat least a rough match for any
antigen structure. When an antigen interacts with the antibody
receptor, the lymphocyte proliferates via mitosis to develop into
a clone of cells each with the same antibody receptor. These
progeny then secrete antibody molecules with the same binding
capacity as the originator antibody receptor.

Thusinstead of an instructional process in which new molecules
are manufacturedin responseto the antigen, the immune response
consists of a selection process in which an antigen selects from
preexisting clonesof cells. In addition, anotherselection process
called hypermutation occurs when an antigen does not fit any
antibody very well. A low-affinity binding causes the antibody’s
lymphocyte to proliferate but with greatly increased rates of ran-
dom mutation. Someof the antibody’s mutated descendants may
bind more tightly to the antigen and thus neutralize it more
effectively (French, Laskov,& Scharff, 1989). Although this seems
more like an instructional process, hypermutation is genetically
driven, randomly creating new antibodies that are then selected
for theirfit to the antigen. Thus, hypermutation as well as the basic
immunological process of proliferation are best seen as examples
of selection rather than instruction.

In 1967, Niels Jerne suggested that the brain might also develop
via selection rather than instruction. Edelman’s (1992) theory of
neuronal groupselection employsnaturalselection as a metaphor
for the competitive selection of groups of neurons pruned by
experience. Although Edelman’s theory emphasizes environmental
influence, it is a nativist theory in the sense that the environment
merely prunespreexisting structures. Gazzaniga’s book (1992) rep-
resents a more extremeselectionist theory that goes beyond neuronal
selection to argue that the environmentselects from a preexisting
menu of capacities including “built-in knowledge systems”(p. 9):

For the selectionist, the absolute truth is that all we doinlife is
discover whatis alreadybuilt into our brains. While the environment
may shapethe wayin which any given organism develops, it shapes
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it only as far as preexisting capacities in that organism allow. Thus,

the environmentselects from the built-in options; it does not modify

them. (Gazzaniga, 1992, p. 3)

Gazzaniga emphasizes that, although strongly nativistic, this

theory is more than an argumentfor innateness, that is, hardwired

genetic programming imperviousto the environment. Instead, the

environment plays a role, albeit only in selecting from built-in

options. Heuses clothing as an example:

In the instructional model, the tailor makes a suit to fit, whereas, in

the selection model, the client goes to a large warehouse and picks

out onethatfits. (Gazzaniga, 1992, p. 91)

Moreexplicitly, he argues:

The strong form of the argumentis that an organism comesdelivered

to this world with all the world’s complexity already built in. In the

face of an environmental challenge, the matching processstarts, and

whatthe outsider sees as learningis actually the organism searching

throughits library of circuits and accompanyingstrategies for ones

that will best allow it to respondto the challenge. (Gazzaniga, 1992,

p. 4)

Selectionist theory clearly bucks the trend of molecular genetics

to move away from genetic programming toward a dialogue be-

tween nature and nurture. Although the immunology example of

selectionist theory is impressive,it should be noted that none of

the genetic tricks evolved by the immune system to meet the

enormous demands of antibody structure and production has

been shownto be used byother gene systems.Specifically, no such

genetic mechanisms have been demonstratedin relation to brain

structure and function. Because selectionist theory is attracting

considerable attention, especially in the neurosciences, three other

issues related to the theory warrant discussion.

Selection, Species-Wide Themes, and Individual Differences. Thefirst

issue concerns individual differences and their relation to selec-
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tion of species-wide themes.Selectionists use the wordselection to
refer to two very different processes. The primary use of the word
refers to selection of built-in options in the individual. This is not
Darwinianselection in the senseof differences amongindividuals
or kin that are selected on the basis of reproductivefitness.It is
only secondarily that selection is used to connote Darwinian se-
lection that builds these optionsinto the species.

Concerningthis evolutionaryuse of the wordselection, selectionist
theory, like other evolutionary theories, tends to be normative,
focusing on species-wide universals of development. Gazzaniga,
however, attempts to extend the selectionist argumentto individ-
ual differences:

Overthe years there has been an inevitable tendency onthe part of the
critics to weakenselection theory by dismissing it as an aspect of what
is innate. That wayofthinking missesthepoint of the powerofselection
theory—its ability to account for the confounding variability of be-
havior. We all knowthat different animals respond differently to the
same environmental challenge, and that animals of the same or
similar genotype respond differently to varying environmental
challenges. .. . In the case of the modernbrain,a rangeofcircuits that
enablea variety of behavioral and cognitive strategies become matched
with an environmental challenge and the selection processstarts.
(Gazzaniga, 1992, pp. 199-200)

The wordvariability is also being used in two ways:(1) differences
betweenindividuals (“different animals responddifferently to the
Same environmental challenge”) and (2) differences within indi-
viduals (“animals of the sameor similar genotype responddiffer-
ently to varying environmental challenges”).
The nonevolutionary process of selection seems reasonable in

relation to the seconduseofvariability as within-individual selec-
tion of species-specific devices. However, the quotation has a very
different implication in relation to differences between individu-
als: It implies that individual differences are environmental in
origin. If “environmental challenges” are responsible for the pro-
cess of selecting “circuits,” it follows that differences amongindi-
viduals are environmental in Origin. That is, we all have the same
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circuits; the circuits activated for particular people depend on the

environments they experience. However, this message aboutindi-

vidual differences is confused becauseheritability is mentioned

several times in Gazzaniga’s book asif heritability provides support

for the selectionist argument. As discussed earlier, the distinction

between species-typical and individual-differences perspectives

needsto be clearly maintained because explanationsof one are not

necessarily explanations of the other. Heritability is a within-

species construct and does not provide supportfor the selectionist

argumentasstated. Thatis, if a built-in circuit is critical evolution-

arily for a species, no genetic variability within the species will be

tolerated—everyonewill have this samecircuit. Thus, if anything,

evidence for heritability is contrary to the selectionist argument

in its baldest form. Evidence for heritability is certainly contrary

to the specific hypothesis that individual differences are com-

pletely environmental in origin.

Semantic Issues. Stretched toofar from its solid foundation of the

example of immunological selection, the selectionist argument

degenerates into the truism that behavior requires a biological

substrate. For example, Gazzaniga includes as support for his

selectionist theory “the work of French Nobel laureate Jacques

Monod, who,in the mid-1950s, showed that so-called adaptive

enzymesare in fact induced by preexisting genes” (Gazzaniga,

1992, p. 3).
Gazzaniga implies that the lac operon modelfits a selectionist

model becausethere is a preexisting gene responsible for enzyme

production. However, as discussed in the preceding section, the

lac operon seemsa better example of the instructionist position

because the operon provides a mechanism for adapting to the

environment. The operon changesits structure and function de-

pending on the presence of lactose and glucose. If glucose is

presentorif lactose is present but glucoseis not, the structural gene

is freed for transcription. When the environment changes, the operon

adapts by shutting down production of B-galactosidase. To argue

that this is an example of selection because there is a preexisting
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genetic system leaves no room for any example of adaptation
becauseall biological as well as behavioral functioning requires a
biological substrate.

Anothersemantic issueis that selectionists exaggerate opposing
positions by calling them “instructionist.” This polemical trick
conjures up images of Locke’s tabula rasa. Adaptation seems to be
a reasonable word to describe the dialogue between nature and
nurture.

Active Models of the Nature-Nurture Interface. Instructionists and
selectionists both have viewsof developmentthatare too passive.
For instructionists, the environmentwrites the score and conducts

the performanceas long as the orchestra membershavethebasic
ability to play the music they are given. Forselectionists, evolu-
tion is the composerand conductor, although the environmentis
allowed to audition some of the orchestra members. Neither ex-
treme view does justice to the active transactions between the
organism and its environment. This issue is well phrased in a
review of Edelman’s latest book:

Substituting selectionist for instructional models of neural develop-
mentandrejecting an information-processing model of how brains
work,useful steps thoughtheyare,still fail to do justice to the brain
as an active, dynamic, self-organizing system. Karl Popper has spo-
ken of replacing whatheseesas the “passive Darwinism”of sociobi-
ology with an “active Darwinism”in which the actor, the organism,
plays a part in the development of its own future. Edelman’s
selectionist metaphorin its passivity denies this possibility. (Rose,
1992, p. 427)

Chapter5 returnsto this topic.

THE EXTENDED PHENOTYPE

Anothertopic relevant to the duet between nature and nurture
is Dawkins’s (1983) concept of the extended phenotype. At a
general level, the extended phenotype means that genes have
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functionally important consequences beyond the bodyofthe or-

ganism. For example, if behavior is influenced genetically, behav-

ioral artifacts such as nests can show genetic influence. Dawkins

also considers extendedeffects of genes on other organisms, such

as effects of parasites on their hosts or the effects of male phero-

mones on female physiology. More specifically, Dawkins is con-

cerned with the level at which natural selection operates. His

“central theorem”of the extended phenotypeis that “an animal’s

behaviour tends to maximize the survival of the genes ‘for’ that

behaviour, whether or not those genes happento be in the body

of the particular animal performing it” (p. 233). In this sense,

Dawkins limits the use of extended phenotype to evolutionary

adaptations. At this level of evolutionary theorizing, the concept

of extended phenotype means something much morespecific than

the theme of this book, whichis that genetic factors contribute to

individual differences in experience. In one way, the message here

is even more radical. Rather than examplessuchas parasites in

which gene productsof the parasite directly alter the host’s phys-

iology, this book considers muchless direct links between genes

and environmentsuchasthe responseof other people to a child’s

genetic propensities or a child’s creation of an environmentcorre-

lated with its propensities.

QUANTITATIVE GENETICS

This discussion of genetics has emphasized developments in

molecular genetics and evolutionary genetics that consider the

interface between nature and nurture. However, these approaches

tend to focus on species-typical themes rather than within-species

variations on these themes. In contrast, individual differences

have alwaysbeenthe focus of quantitative genetics. Quantitative

genetics was born 80 years ago to reconcile Mendelian (single-

gene) genetics, which was only applicable to dichotomousdisor-

ders, and quantitative dimensionsthat characterize complextraits.

Theresolution to the problem wassimple: Multiple genes, each oper-

ating according to the laws of heredity established by Mendel,
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together with environmental variation, will create continuous
distributions. Methodsof quantitative genetics—knownas behav-
ioral genetics when applied to behavior—include family, twin,
and adoption designs and combinationsof these that attempt to
decomposeobservedvariationfora trait into genetic and environ-
mental components of variance. These methodsassess the “bot-
tom line” of genetic and environmental influences on phenotypes
regardless of the developmental complexity of these effects. In
termsof genetics, for example, quantitative genetic designs assess
the bottom line of genetic effects on individual differences in
development regardless of whether the effects are due to struc-
tural or regulator genes. (The methods of human quantitative
genetics are discussed in Chapter2.)
The label quantitative genetics is a misnomerbecausethis theory

and its methodsare just as informative about the environmentas
they are about genetics. At the most basic level, quantitative
genetic research documents the importance of environmentalin-
fluences. It also suggests that the environment worksdifferently
than assumed in mosttheories of the environment from Freud’s
onward: Environmental factors that influence behavioral develop-
mentlargely operate to make children in the same family differ-
ent from one another (Dunn & Plomin, 1990; Plomin & Daniels,
1987).

Quantitative genetics can take us beyondthebasic nature-nur-
ture question about “how much”variance can beattributed to
genetic and environmental sources of variance. One exampleis
development. Quantitative genetics can be used to investigate
genetic and environmentalinfluences on change and continuity in
development (Plomin, 1986). Another example is the application
of quantitative genetic approachesto investigate the environment
in an attempt to illuminate the interface between nature and
nurture. This is the themeof the rest of the book beginning with
the next chapter. But before turning to quantitative genetic re-
search on this topic, we consider whatis known generally about
nurture, again emphasizing new developments that are moving
environmental theory and researchcloserto genetics.
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Nurture

For the environment, there is nothing comparableto the lawsof

heredity worked out by Mendel, to DNA,orto the triplet code.

Howis the environment transmitted and translated? Whatare the

units of environment? Although much remainsto be learned about

genetics, understanding of genetic processes seemsto belight years

ahead of our understanding of environmental processes.

This second half of the chapter reviewscurrentissues in envi-

ronmental research from the perspective of genetics. The review

focuses primarily on the psychological and developmental level

of environmental analysis, relying heavily ona recent bookinthis

series by Wachs (1992). It may be helpful, however, to begin by

briefly considering what an analysis of the environmentat the

level of molecular biology might look like. Next, the history of

environmental research at the psychological level of analysis is

reviewed, followed by a discussion of models andlevels of envi-

ronment and development. Eachofthese topics points to the need

to consider the environmentasit interacts with an active organism

that selects, modifies, and even creates its environment. This is the

explicit message of several new environmentaltheories that are

examinedatthe endof the chapter.

MOLECULAR BIOLOGICAL ANALYSIS OF THE ENVIRONMENT

Thinking about a “molecular environment” analysis analogous

to molecular genetic analysis can be illuminating. Just as genetics

needsto be explained ultimately at the molecular level, the impact

of the environment on the organism will also eventually need to

be explained in terms of molecular regulatory processes. As dis-

cussedearlier in this chapter, lactose is the environmental unit for

the lac operon.It is a molecule that is metabolized as a nutrient by

bacteria. Even for this simplest case of environment, the lactose

molecule serves as an environmental agent only whenit interacts

with the organism. Molecular biological analysis of lactose as an

environmental agent must investigate how the molecule is de-

tected by the bacterial cell, captured, transported, and metabo-
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lized. In this limited sense, molecular genetic analysis of the lac
operonis also a molecular analysis of the environment, especially
the interface between environment and organism.

Lactose is simple because the moleculeitself is the environmen-
tal agent. This is a far cry from environmentsat the psychological
level of analysis such as the experience of reading a book. Such
psychological environmentsare not incorporated physically into
the organism’s cells like lactose.Still, in the end (an end scarcely
in imagination and certainly not in sight), we need to understand
at a molecularbiologicallevel the perceptual, cognitive, and emo-
tional processes by which experiences such as reading a bookare
encodedin the brain. In the meantime, molecular biological anal-
yses of any level of environment in any organism will contribute
conceptually to the psychologicallevel of environmentalanalysis
in at least two ways.First, it may help to sort out relevant catego-
ries of the environment. For example, if we could ever understand
the biochemical pathways from an environmentalevent to a neu-
ral response, we could begin to sort out experiences on the basis
of their neural pathwaysof response andlack of response. Second,
molecular analyses of the environmentare boundto lead to links
with genetics, as in the example of the lac operon. Such findings
will at the least stimulate more thought about the interface be-
tween nature and nurture at the psychologicallevel of analysis.

HISTORY OF ENVIRONMENTAL RESEARCH

Three broad stages of environmentalresearch in psychology can
be distinguished (Bronfenbrenner & Crouter, 1983; Wachs, 1992).
The goal of the first phase was to demonstrate the importanceof
environment in development without directly assessing the
proximal environmentof children. For example, developmental
differences between children from different sociodemographic
or cultural groups wasinterpreted as showing the importanceof
the environment.
The secondhistorical phase of environmentalresearch wasdriven

by macrotheories such as Freud’s psychoanalytic theory, Hebbs’s
neuropsychological theory, and cross-cultural theories. Theory
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guided research on specific aspects of the environmentthat might

influence development (Wachs, 1992).

The third phase, whichisstill emerging, is characterized by a

focus on processes, especially biological processes, by which en-

vironmentis translated into development. This phase also shows

greater awarenessof the complexity of environmental influence,

emphasizing different levels (Bronfenbrenner, 1989) and dimen-

sions of the environment, moderation of environmentalinfluence

by other factors such as temperament(Wachs, 1992), longitudinal

chains of causation (Rutter, 1989), and for some, constructivism,

which,as discussedlater, is especially relevant for thinking about

the interface between nature and nurture.

Genetics can be considered in relation to each of these phases.

To date, the focus of quantitative genetic research in the behavioral

sciences has been on Phase I questions. That is, the relative impor-

tance of genetic and environmental influences on development

has been examined using anonymous components of variance

without measuring the environmentdirectly. Quantitative genetic

research has made an important but often overlooked contribu-

tion here: It provides the strongest available evidence for the

importance of environmental influence. That is, twin and adop-

tion studies usually find that more than half of the variance in

behavioral development cannot be accounted for by genetic fac-

tors. For example,if identical twins are 40%concordantfor schizo-

phrenia, as recent studies suggest, no genetic explanation can

accountfor the 60% discordance betweenthesepairs of genetically

identical individuals, given the current diagnosis of the disorder.

Genetic research hasalso pointed to the importance of a neglected

category of environmental influence, nonshared environmental

influences that make children growing up in the same family

different from one another (Dunn & Plomin, 1990; Plomin &

Daniels, 1987).

Genetics was irrelevant in Phase II because the theories that

guidedthe search for environmental influences during the heyday

of environmentalism were largely environmental theories that

ignored genetic influence.
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Given its focus on developmental process, genetics has most to
offer in relation to PhaseIII. Indeed, the theme of this book could
be construed as an attempt to explore the genetic contribution to
environmental research in Phase III. The key is to incorporate
measuresof the environmentin genetic designs, especially multiple-
level, multidimensional, developmentally sensitive measures of the
environment that characterize Phase III environmentalresearch.

MODELS OF ENVIRONMENT

Another dimension along which the history of environmental
research can be orderedreflects a general trend in developmental
theory. Developmental models have moved away from viewing
the child as a passive receptacle for environmental influences, to
constructivist models in which children play an active role in
selecting, modifying, and creating their own environments.In the
passive model, the environmentis viewed as a stimulus(S), some-
thing that happens to the individual. This model dominated re-
search in Phases I and II. The active model could be called an
organism-stimulus-response (O-S-R) model, althoughthis label risks
confusion with the connotations of S-O-R in learning theory. Here
the emphasis is heavily on the “O,” especially on the organism’s
active role in constructing environments. The O-S-R perspective is
best captured by the word experience. This active modelis compatible
with the Phase III focus on transactional processes between the
organism andits environment.

S and O-S-R models are so far apart that the middle ground
warrants someconsideration, even though this middle groundis
not as clearly defined as the S and O-S-R extremes. For purposes
of labeling, this middle ground can becalled stimulus-response
(S-R), althoughthis labelalso runsthe risk of being confused with
learning theory.
These three perspectives on the environment have been dis-

cussedin relation to life events by Johnson (1986) and are outlined
in Table 1.1. As usual in suchclassification schemes, the distinc-
tions between S, S-R, and O-S-R models blur at their borders.
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TABLE1.1 Three Viewsof the Child’s Environment

Stimulus Whathappenstothechild;
events independentof the child

Stimulus-Response Responseof the child is used as an
index of what happensto the child

Organism-Stimulus- Whatthe child makes happen;
Response child-driven events; experience

However, the categories are useful in highlighting differences

between environment and experience. The importance of the O-S-R

approach is that it broaches the topic of the hyphen between

nature and nurture, as discussed in Chapter5. It is the reason why

this book is called Genetics and Experience.

Stimulus (S). The most obvious wayto think about the environ-

mentis as a stimulus, something that happensto the individual.

Dictionary definitions denote environmentas stimulus;its origins

are in the word environs, which means “surroundings.” Many

measures of the environment in developmental research are of

this type. Using life events as an example, parents are asked

whether particular events occurred, such as changein financial

state or change in residence. An example in thesocial sphere is

parental control or discipline assessed independently of the child.

Examples in cognitive and languageresearch are parental educa-
tion and parental vocabulary.

Despite the reasonablenessof this environment-as-stimulusview,

its major drawback is that the occurrence of such events, like

lactose in the lac operon model, can have no effect on development

unless they impinge on the child. Although Aunt Mabel’s demise

may loom as a majorlife event for the parent, the event may not

even enter the world in whichthechild lives.

Stimulus-Response (S-R). The label stimulus-response denotes more

than just a markerfor the middle ground betweenthe passive(S)

and active (O-S-R) models. It includes attempts to assess the

environmentin relation to the child’s responses. One of the best

examples of an S-R approach comes from work on stress. Hans
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Selye (1936) assessed chronic stress in terms of the individual’s
response, the General Adaptational Syndrome,rather than simply
assessing threatening events. The typical developmental defini-
tion of the environmentlies in this middle S-R part of the continuum:
externalstimuli that influence the individual. This definition implies
that someresponseis assessed in addition to the stimulusitself.
How does the S-R model differ from the S and O-S-R models?

Like the S model, the S-R model views the environment as a
stimulusexternal to the individual. The S-R modeldiffers from the
S model in that the impact of the external stimulusis indexed by
the individual’s response. The difference between the S-R and the
O-S-R orientation is one of degree rather than kind. The organism
is, of course, required for a response in the S-R model. However,in
contrast to the S-R model, the O-S-R model emphasizesthe child’s
active selection, modification, and construction of environments.
For life events, the issue is not only that an event occurred, but

also that the child knowsthat it occurred. This is important be-
cause parents’ and children’s reports differ even in relation to
major life events and especially for more private events such as
parental arguments or events at school (Rende & Plomin, 1991).
Another example comes from a somewhatsurprising quarter—
investigations of the physical environment. Affordance, a concept
derived from perception research,refers to objects that afford the
child specific uses (Wachs, 1986) and is thus defined in terms of
children’s responses.

In the social arena, parental control and discipline assessed
independently of the child was used aboveas an exampleof the S
model. An S-R versionis the assessmentof children’s compliance
as an index of successful control and discipline. For cognition,
parental education is an S example; children’s attendanceat pre-
school can be construed as an S-R example. For language, parental
vocabulary is an S example and parental contingent vocalization
can be considered as an S-R examplein that it dependsonthe child’s
response.
Manipulative (experimental) studies can also be viewedin this

light in that the stimulus is assessed in relation to its effect on
average for an experimental group as comparedto a control group.
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Concerns about manipulative studies expressed in the develop-

mental literature include representativeness, ecologicalvalidity,

and generalizability (Bronfenbrenner, 1977; McCall, 1977; Wohlwill,

1973). In the present context, the important distinction is that

manipulative experiments assumethat the manipulationis func-

tionally the samefor all children. Individual differences within

groups exposed to a particular environmental event are called

error. This “error” includes person-by-treatmentinteractions that

could be viewed in termsof individuals’ modification and cogni-

tive construction of the manipulation. Such individualdifferences

in response to manipulation represent an important direction for

future genetic research.

In summary, althoughthis middle ground between S and O-S-R

modelsis not as clearly defined as the extremesof the continuum,

it includes muchresearchthatis neither independentof the child

(the S model) nor focused on the organism's active transactions

with the environment (the O-S-R model).

Organism-Stimulus-Response (O-S-R). In the O-S-R perspective,

the “O” is something more than a black box in between “S” and

“R.” The organism actively selects, modifies, and even constructs

environments. As Scarr (1992) has emphasized, people maketheir

own environments. This view of environment as experienceis

compatible with the trend toward cognitive, constructivist inter-

pretations in the behavioralsciences.

Using life events again as an example, the issueis notjust that

an event occurred (S) or that a child reports that it occurred (S-R).

At the least, the O-S-R perspective asks the extent to which the

child was upset bythe event. The widely used Schedule of Recent

Experiences (Holmes & Rahe, 1967) merely asked whether certain

events occurred. More recent adaptations assess the impact of

events (Sarason, Johnson, & Siegel, 1978).

In the stress literature, the O-S-R position is represented by

Lazarus, who defines psychological stress as “a particular relation-

ship between the person and the environmentthatis appraised by

the person as taxing or exceeding his or her resources and endan-

gering his or her well-being” (Lazarus & Folkman, 1985,p. 19).
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involved in interpreting a situation and in evaluating one’s re-
sources in dealing with the situation. The same event could be
appraised as a threat by one person and as a challenge by another.

In an O-S-R approach,parental control and discipline could be
assessedas a reactionto the child’s behaviorthatcalls for control
and discipline. Farther out on the continuum than such reactive
measures are measuresthatassessthe child’s active selection and
creation of environments. For example, children differ in the de-
gree to whichtheyseek structure from their parents. In the cogni-
tive realm, seeking information by asking “why” questionsis an
O-S-R example. Language development mayprovidethe best gen-
eral example of how children select and create their environments.
These examplesindicate that the O-S-R view of the environment

as active experience need not be limited to subjective measures
such as questionnaires and interviews. Although much theorizing
emphasizesan active model of development, few measuresof the
environmentactually reflect this active model. For example, one
of the most widely used environmental measures in cognitive
development is the Home Observation for Measurement of the
Environment (HOME; Caldwell & Bradley, 1978). The HOMEis a
semistructured interview consisting of 45 items, two thirds of
which are based on observations in the home with the remainder
based on parental reports. Most of the items assess the environ-
ment as stimulus, such as mothers’ spontaneous vocalizations,
namingof objects, and provision oftoys and learning materials. A
few items involve mothers’ responsesto the child such as “mother
respondsto child’s vocalizations.” The only HOMEitem that at
least indirectly assesses the child’s experience is how often the
mother spends time with the child with books.
A need clearly exists for measures of experience. The results

described in the next two chapters that show a genetic contribu-
tion to measuresof the environmenttake on added significance in
this light. Extant measures of the environment are largely mea-
sures of the environmentas stimulus. Presumably such measures
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for significant genetic influence. It seems reasonable to predict

that O-S-R measures of experience will show evengreater genetic

influence.

LEVELS OF ENVIRONMENT

The environment can also be usefully considered in terms of

different levels. For developmentalists, the most well-developed

and influential model of levels of environmentis the ecological

model of Urie Bronfenbrenner (1989). The modelconsists of four

levels. The microsystem involves proximalinteractions that directly

involve the child. The mesosystem is a system of microsystemsin the

sense that developmental effects involve interactions among

microsystems such as home and school. The exosystem refers to

interactions betweensettings in whichatleast one setting does not

directly involve the child, such as interactions between the home

and the parents’ workplace. The macrosystem refers to the overall

system of microsystems, mesosystems, and exosystemsthat char-

acterize a culture or subculture. The model emphasizesthat inter-

actions can occur between and withinlevels.

Psychologists tend to study microsystems while sociologists and

anthropologists are more interested in exosystems and macrosystems.

In relation to genetics, the proximal processes of microsystemsthat

directly involve the child are morelikely to reflect genetic influ-

ence than are the global and diffuse environmental levels of ex-

osystems and macrosystems.For this reason, this book focuses on

environments and experiencesat the level of microsystems. None-

theless, genetic influence can be considered at higher levels. For

example, in Chapter 3, evidence is reviewed for genetic influence

on social support and on workenvironment.It is interesting that

these exosystem measures show somegenetic influence, although

perhapsless than microsystem measuressuchas parenting. Mea-

sures at the exosystem level might be affected by genetically

influenced characteristics of the individual suchas intelligence

and personality and could thus be found to affect development

via nature in addition to nurture.
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Although genetic methodsare certainly better equipped to ex-
plore genetic contributions to individual differences than to aver-
age group differences, even macrosystems cannot be assumed to
be devoid of genetic effects. For example, Kagan andhis col-
leagues haverecently suggested that genetically based differences
between Asian and Caucasian infants in ease of arousalto stimu-
lation may contribute to differences in theclassic philosophiesof
Asians and Europeans (Kagan, Arcus, & Snidman, 1993). Another
exampleis that genetic effects on attitudes can contribute to global
environmentalissues (Eaves, Martin, & Eysenck, 1989).

Relations Among Levels. An area of current environmental re-
searchis the issue of relationships among levels of environment
(e.g., Bronfenbrenner, 1989; Wachs, 1992). In psychological re-
search,this research thrustcan be seen primarily in investigations
of the relationship between parental beliefs and behavior on the
one hand and culture, work environment, andstress on the other.
For example, parentingis clearly related to cultural norms (e.g.,
Goodnow, 1988). Work environments andstress also relate to
parenting (Belsky, 1984; Crouter & McHale, 1993).It is possible
that genetic factors contribute to some links betweenlevels.

Interactions Among Levels. Recent reviews havenotedthatassocia-
tions between microenvironmentalprocesses and development might
interact with macroenvironmental parameters (Bronfenbrenner, in
press; Wachs, 1991). For example, several examples suggest that
environment-outcomeassociationsdiffer in different ethnic groups.
Japanese mothers talk to their infants to soothe them, whereas
American mothers more often talk to their infants to stimulate
them (Caudill & Weinstein, 1969). Measures of home environment
relate to cognitive developmentto a greater extent in black and in
white families than in Mexican-American families (Bradleyetal.,
1989). Similarly, adolescents’ perceptions of parenting are associ-
ated with school achievementto a greater extent for black and
white children than for Asian-American children (Dornbush,Ritter,
Leiderman, Roberts,& Fraleigh, 1987).
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Mesosystem variables can also mediate microenvironment—

developmentrelationships. Parenting relates to children’s devel-

opmentless for children in day care than for children notin day

care (Howes, 1990). Home environmentrelates more strongly

to children’s verbal ability before children go to school rather

than whenthey are in school (Luster & Dubow, 1991).

Interactions amonglevels of environment have not been consid-

ered in genetic analyses of developmental outcomes, of environ-

mental measures, or of environment-developmentassociations.

This is an important direction for future genetic research. A note

of caution, however,is that detection of such interactions requires

large samples because theyessentially require testing for differ-

ences in correlations between groups. A focused search among

extreme groupslikely to show such interactions may be the most

efficient strategy (Wachs & Plomin, 1991).

ENVIRONMENTALSPECIFICITY

As reviewed by Wachs(1992), environmental research has moved

beyond the study of associations between global environments

(such as SES) and global outcomes(IQ). Specificity is the hallmark

of more recent research—different aspects of the environment are

assumedto relate to different aspects of development. For exam-

ple, environmental studies in the past assessed a single good-bad

dimension of the home environment. The HOME, mentionedear-

lier, is multidimensional and showsthat parental involvement

and provision of play materials predict subsequent cognitive de-

velopment, whereas caregiver acceptance and use of negative

control do not (Bradley et al., 1990). Specificity is the logical

outcomeof the fact that both environment and developmentare

multidimensional in nature (Wachs, 1992).

For example, one could arguefor the use of a total HOMEscore

because factor analysis of the HOMEitemsreveals a general factor

(first unrotated principal component) in addition to the separate

factors seen in factor rotations. However, the correlational struc-
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ture of the HOMEitems considered by themselvesis a different
issue from the ability of these items to predict development. That
is, although a case can be madefor a general composite or total
score based on psychometric considerations, this is not necessarily
the best dimension for predicting different aspects of develop-
ment. The most sensible approach maybeto include both general
and specific factors of the environmentin a multiple regression
framework in order to determine whether specific factors add
predictive power beyondthatof the general factor.
A cautionary noteis that specificity requires significant differences

in associations, and such significancehasrarelybeen tested. Another
concern is that the banner of specificity and multidimensionality
may producea welter of nonreplicable results (Belsky, 1990).

ENVIRONMENTS ACROSS TIME

Environments are not static. They changeacross time, espe-
cially environmental measuresthatare sensitive to developmen-
tal changes in the child (Wachs, 1992).
Of central interest in earlier environmental studies was the

question of whetherchildren areespecially sensitive to environ-
mental influences at certain times in development (Bornstein,
1989; Colombo, 1982). However, evidence for such sensitive peri-
ods is weak, perhaps because it is a difficult issue to address
rigorously (Bornstein, 1989). A related issue is the long-term effect
of early environment. Someresearchers argue that early experi-
ences are disproportionately important (e.g., Wachs & Gruen,
1982), but others disagree(e.g., Clarke & Clarke, 1989). A compro-
mise position is that early experience is particularly effective
when it continues to have a cumulative effect on development
(Hanson, 1975). It has recently been suggestedthat research in part
supports all three views (Wachs, 1992). Oneofthe few studies that
explicitly tested the three models found support for all three
models, depending on the outcome and environmentalvariables
chosen for analysis (Bradley, Caldwell, & Rock, 1988).
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NEW ENVIRONMENTAL THEORIES

OF NATURE AND NURTURE

The most promising sign that environmental psychology is

moving toward genetics is the appearance of new nature-nurture

theories by leaders in the environmental field: Bronfenbrenner

and Ceci (1993), Horowitz (1993), and Wachs (1992, 1993). Al-

though these environmentalresearchers are by no means in com-

plete agreement with the theories and methods of quantitative

genetics, nor do they use quantitative genetic strategies in their

research, each has proposed an environmental theorythat at-

tempts to encompass genetic factors. The common theme in the

“bio-ecological model” of Bronfenbrenner and Ceci, Horowitz's

“comprehensive new environmentalism,” and Wachs’s “multi-

determined probabilistic systems framework”is the need to ad-

dress Anastasi’s (1958) question of how genotypes and environments

interact in development.

The “bio-ecological model” of Bronfenbrenner and Ceci (1993) is

most developed as

a

testable theory. Central to the theoryis the

concept of proximal process:

Especially in its early phases, and toa great extent throughoutthelife

course, human developmenttakes place through processes of pro-

gressively more complex reciprocal interaction between an active,

evolving bio-psychological human organism and the persons, ob-

jects, and symbolsin its immediate environment. To be effective, the

interaction must occur on

a

fairly regular basis over extended peri-

ods of time. Such enduring forms of interaction in the immediate

environmentare referred to henceforth as proximalprocesses. (p. 317,

italics in original)

Proximal processes are seen as the means by which genotypes

become phenotypes:

Genetic potentials for developmentthat exist within human beings

are not merely passive possibilities but active dispositions expressed

in selective patterns of attention, action, and response. (p. 316)...

Among the most consequential person characteristics affecting the
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form, power, content, and direction of proximal processes is genetic
inheritance. (p. 318,italics in original)

The concrete example used by Bronfenbrenner and Ceci involves
the relationship between mother-child interaction and behavioral
problemsas a function of social class. This example represents
organism-environmentinteractions across levels of environment.
The authors predict that heritability differs across the groups.
Specifically, they predict that heritability “will be greater when
levels of proximal process are high and smaller when such pro-
cesses are weak”(p. 320). However, one could arguethat if proximal
processes are “high” this implies that environmental influences are
greater, which suggeststhat heritability should be lower, not higher,
whenlevels of proximal process are high (Wachs, personal com-
munication, February 17, 1993).

Research on such genotype-environment interactions represents
an important direction for Phase III research on the environment.
For example, it would be interesting if research were to show that
heritability of behavioral problemsis higher (or lower) when mother-
child interaction is good. However,it is less clear how research on
genotype-environmentinteractions addresses the “progressively
more complex reciprocal interaction between an active, evolving
bio-psychological human organism and the persons, objects, and
symbols in its immediate environment” (Bronfenbrenner & Ceci,
1993, p. 317). The concept of genotype-environment correlation,
discussed in Chapter 4, seemsbetter suited to this goal.
The papers by Bronfenbrenner and Ceci, Horowitz, and Wachs

also discussbarriers to communication and collaboration between
environmentalists and geneticists, as do recent papers by behav-
ioral geneticists (e.g., Goldsmith, 1993; Rowe & Waldman, 1993;
Rutter, Silberg, & Simonoff, 1993). The general consensusis that
abstract argumentsare unlikely to resolve the complicated issues
at the interface of nature and nurture. Whatis neededis research
collaboration “to construct actual empirical bridges between na-
ture and nurture” in which environmentalists and geneticists are
full and equal partners (Wachs, 1993,p. 388).
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Summary

Research and theory in genetics (nature) and in environment

(nurture) are beginning to converge. Althoughthereis still a very

long way to go, the common ground is a modelof active organ-

ism-environmentinteraction in which nature and nurture play a

duet rather than one directing the performance of the other. It

seemsclear that some of the most interesting questionsfor genetic

research involve the environment and some of the most interest-

ing questions for environmental research involve genetics. For

this reason, genetic studies should include measures of the envi-

ronmentthat capitalize on the multiple-level, multidimensional,

developmentally sensitive advancesof “Phase III” environmental

research. For this same reason, environmental research should

make use of genetic designs, especially in research on family

environment where family members are genetically related in

order to disentangle genetic and environmental sourcesof familial

resemblance.

The next chapter begins the empirical examination of one corner

of this world at the hyphenin the phrase nature-nurture. In the next

two chapters, quantitative genetic methods are applied to mea-

sures of familial (Chapter 2) and extrafamilial (Chapter 3) envi-

ronment. Widespread genetic effects have been found for such

measures. Chapter 4 considers factors that might mediate this

genetic contribution to environmental measures. Chapter 5 sum-

marizes the themesof this book in the form of a theory of genetics

and experience.



 

The Nature of Nurture

Family Environment

hapter 1 showed that genetic and environ-
mental theory and research are evolving to-

ward oneanother. Thecore of this book is an empirical phenomenon
discovered during the past decade in which nature and nurture have
cometogether. This is the finding that genetic factors contribute
to measures widely used as measures of the environment. Even

ago, more than a score of quantitative genetic studies using vari-
ous genetic designs and measures have converged onthe conclusion
that genetic differences among individuals contribute to measuresof
the environment.

Quantitative Genetic Methods

Space does not permit a detailed presentation of the quantita-
tive genetic methods upon whichthisresearch is based, but

a

brief
discussion is necessary for readers unfamiliar withthis approach.
Human quantitative genetic research relies on family, adoption,

41
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and twin designs. Family studies of human behavior assess the

extent to which genetically related individuals living together

resemble each other. Such studies cannot disentangle possible

environmental sources of resemblance. Separating genetic and

environmental sources of familial resemblance is the point of

adoption studies. Genetically related individuals adopted apart

give evidence of the extent to which familial resemblanceis the

result of hereditary resemblance. The most dramatic evidence of

genetic influence is the study of adopted-apart identical twins.

Results from the Minnesota Study of Twins Reared Apart will be

discussed at several points in this book (Bouchard, Lykken, McGue,

Segal, & Tellegen, 1990). The environmentalside of the adoption

design is equally powerful: The resemblance of genetically unre-

lated individuals adopted together directly assesses the extent to

which familial resemblance is due to shared family environment.

Twin studiesalso provide a kind of natural experiment in which

the resemblance of identical twins, whose genetic relatednessis

1.0, is comparedto the resemblanceof fraternal twins,first-degree

relatives, whose genetic relatedness is .50. If heredity affects a

trait, identical twins should be more similar for the trait than

fraternal twins. Much of the research to be discussed, especially

the early research, involves this classical twin design that com-

pares the resemblanceof identical and fraternal twins.

As in any quasi-experimental design, these methods have pos-

sible problems, most notably the equal environments assumption

for the twin method and selective placement for the adoption

method. However, these are empirical issues and research sug-

gests that these are not major problems. Moreover, the assump-

tions of the twin methodare very different from the assumptions

of the adoption method and yet the two methods generally con-

verge on the conclusion that genetic effects are important.

Mostresearch now combines the powerof the various approaches.

Three such combination studies are mentioned frequently in this

book. The first is the Colorado Adoption Project (CAP), which

combines the adoption and family designs (DeFries, Plomin, &

Fulker, in press). Launched in 1975, the CAP is a longitudinal

adoption study that studied the children, parents (including the
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biological parents of adopted-awaychildren), and home environ-
ments of 245 adoptive families and 245 matched nonadoptive
families when the children andtheir younger siblings were1,2, 3,

and 4 years of age. The children were subsequently studied in the
laboratory at 7 years of age, and administered telephonetests and
interviewsat 9 and 10 years. The parent-offspring design includes
“genetic” relationships (biological parents and their adopted-away
children), “environmental” relationships (adoptive parents andtheir
adopted children), and “genetic-plus-environmental” relationships
(nonadoptive parents and their children). The CAPsibling adop-
tion design includes nonadoptivesiblings(biological siblings reared
together in nonadoptive families) and adoptive siblings (geneti-
cally unrelated children reared in the same adoptive homes).
Another combination design frequently mentioned in this book

is the Swedish Adoption/Twin Study of Aging, which is a study
of older individuals (SATSA; Pedersen et al., 1991). The SATSA

design combinestheclassical twin comparison of identical (MZ)
and fraternal (DZ) twins reared together (MZT, DZT) and an
adoption design that includes both MZ and DZ twinsreared apart
(MZA, DZA) with a total of about 700 twin pairs. The third
combination design is the Nonshared Environment in Adolescent
Development (NEAD)project, which involves a national sample
of 719 two-parent families with same-sex adolescent siblings (Reiss
et al., 1994). The design includes six groups of siblings: non-
divorced families with MZ twins, DZ twins, and full siblings, and

stepfamilies with full siblings, half siblings, and genetically unre-
lated siblings. This novel design includes siblings whosegenetic
relatedness varies from 1.0 (MZ twins) to .50 (DZ twins and full
siblings) to .25 (half siblings) to .00 (genetically unrelated siblings).

Family, adoption, and twin studies and combinations of these
designs can be used to estimate the magnitude of genetic effects
as well as their statistical significance. This is the descriptive
statistic called heritability. Heritability is an estimate of effect size
given a particular mix of existing genetic and environmental fac-
tors in a particular population at a particulartime.It is a descrip-
tive statistic that estimates the proportion of phenotypic variance
(i.e., individual differences in a population, not behavior of a
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single individual) that can be accounted for by genetic variance.
It describes “what is” rather than predicting “what could be”or

“what should be.” Heritability does not imply genetic determin-

ism—it refers to probabilistic propensities, not predetermined

programming.

Considerheight. Correlationsforfirst-degree relatives are about .45

on average, whetherrelatives are reared together or adoptedapart.

Identical and fraternal twin correlations are .90 and.45, respectively,

regardless of whether they are reared together or adopted apart.

These results indicate significant genetic effects. For these height

data, heritability is estimated as 90%. This estimate of effect size

indicates that, of the differences among individuals in height in

the populations sampled, most of the differences are dueto ge-

netic rather than environmental differences amongindividuals.

Rather than estimating heritability in a piecemeal manner from

multiple-group comparisons (such as the SATSA design, which

includes identical and fraternal twins reared together and twins

reared apart), model-fitting has become standard because model-

fitting analyzes all of the data simultaneously, tests a model,

makes assumptions explicit, provides maximum-likelihood pa-

rameter estimates and standard errors of the estimates, and permits

tests of alternative models. (See Loehlin, 1992b, for an introduction

to quantitative genetic model-fitting, and see Neale and Cardon,

1992, for greater detail.) Most of the heritability estimates pre-

sented in this book were derived from such model-fitting analyses.

Details concerning quantitative genetic methods and their applica-

tion to behavior are also available elsewhere (Plomin, DeFries, &

McClearn, 1990).

These same methods have been applied to many behavioral

traits in the domains of cognitive abilities, personality, and psy-

chopathology(see Plomin & McClearn, 1993, for a recent review).

The point of this chapter and the following chapteris that these

methods can also be applied to the analysis of environmental

measures considered as dependentvariables. The findings from

suchresearch have been quite surprising.
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Rowe’s Studies

In 1980, I was asked to review a manuscript for Developmental

Psychology that was written by David Rowe. Rowewasbeginning

his last 2 years of graduate school whenI took myfirst position at

the University of Colorado at Boulder in 1974, and we published

several papers together. Although he was more of a formercol-

league than a former student,at first I did not think that I would

review the manuscript because of the appearance ofa conflict of

interest. However, when I read the manuscript, I was excited by

its creative idea. Because I thoughtthat the novelty of the paper

might create trouble in the review process, I decided to submit a

review after noting my possible bias. It was good that I did so

because the other review began with the sentence, “The trouble

with this paperis that the author’slogic is faulty,” which captures

the tone of the review. My review began “I find this research

creative and novel. Theidea of studying perceived environment

from a behavioral genetics perspective is exciting and the results

are quite interesting.”

The manuscript wasentitled, “Environmental and Genetic In-

fluences on Dimensions of Perceived Parenting: A Twin Study”

(Rowe, 1981). It reported the results from a relatively small sample

(89 pairs) of adolescent twins who were administered a self-report

questionnaire. Expressed this way, the study wasnotatall novel

because scores of such twin studies have been reported, primarily

for self-report measures of personality. What was creative was the

particular measure used. It was a questionnaire not about person-

ality but about perceived parenting, a measure usually employed

as a measure of family environment. Such measures of family
environment are often correlated with children’s development

and such associations are then usually interpreted causally in
terms of environmental influence.

Why would anyone want to conduct a twin analysis of a
measure of the family environment? In follow-up paper, Rowe

explained:
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A novel approachto the study of the home environmentis to model
environmental treatments using behavioral genetic methods. The
“environment” that is experienced bya child is certainly not a phe-
notypic characteristic of the child in the traditional sense of a mea-
surabletrait. The type of environmenta child experiencesis the result
of a long history of parent-child interaction that involves both char-
acteristics of the parent and of the child. However, whenthe environ-
ment is measured independently for each childina family, behavioral
genetic approachesare applicableto it. The environmentofsibling A
can be correlated with the environmentof sibling B. (Rowe, 1983, p.
416)

If genetic factors play no role in the environmental measure—
which is what one would expectif it is truly a measure of the
environment independent of the organism—thecorrelation for
identical twins should be similar in magnitudeto the correlation
for fraternal twins. This wasthe case for two dimensionsof par-
ental control assessed in Rowe’s study. The measure used was an
abbreviated version of Schaefer’s Children’s Reports of Parental
Behavior Inventory (Schaefer, 1965). Similar to most measuresof
parenting, broad factors emerged from factor analyses that repre-
sent two major dimensionsof parenting: control (e.g., permissive-
ness, organization) and warmth(e.g., affection, supportiveness).
Rowefound twocontrol dimensionsthathereferred to as control-
autonomy and firm-lax control, and he called his warmth factor
acceptance-rejection.

The results of Rowe’s study are summarized in Table 2.1. For the
control-autonomy dimension, the identical (MZ) and fraternal
(DZ) twin correlations were .44 and .47 whenthetwinsrated their
mother and .43 and .46 whenthey rated their father. The other
control dimension, firm-lax control, showed similar results. MZ

and DZ correlations were .55 and.46 for ratings of mother and .43
and .45 for ratings of father. Two aspects of these results are inter-
esting. First, siblings, in this case twins, perceive their parents’ treat-
ment of them as only moderately similar. It might surprise some
readers to see the extent to which siblings perceive their parents
as treating them differently. This raises the important topic of
nonshared environment—whysiblings in the same family are so
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TABLE 2.1 Twin Correlations for Adolescent Twins’ Ratings of Their
Parents’ Child Rearing

Twin Correlations

Measure MZ DZ

Children’s Reports of Parental Behavior

Perception ofMother:

Acceptance-rejection 04 .17*

Control-autonomy 44 47

Firm-lax control 5 46

Perception of Father:

Acceptance-rejection 74 .21*

Control-autonomy 43 46

Firm-lax control 43 45

Family Environment Scales

Acceptance-rejection 63 .21*

Restrictiveness-permissiveness A4 4

SOURCE:Adapted from Rowe(1981, 1983). A similar version of this table appeared in Plomin,R.,
& Bergeman,C.S. (1991). The nature of nuture: Genetic influence on “environmental” measures.
Behavior and Brain Sciences, 14, 373-427. Reprinted with permission of Cambridge University Press.
NOTE:Theresults for the Children’s Reports of Parental Behavior Inventory are reported in
Rowe(1981) for a sample of 89 twin pairs. Results for the Family Environment Scales were
reported by Rowe(1983) in a study of 90 pairs of twins.
* MZ correlation significantly (p < .05) greater than DZ correlation.

different, a topic to be discussed later—and suggests that differ-
ential perceptions of parental treatment maybepart of the answer.
Moreto the immediate pointis the second aspectof these findings.
Because the MZ correlationsare no greater than the DZ correlations,
individual differences in adolescents’ perceptions of parental control
cannotbeattributed to genetic factors. Sibling similarity in ratings of
parental control is due to shared environmentalfactors (not shared
heredity), which is not surprising because the two children in each
family are rating the same motherand the samefather.
The pattern of twin correlations for the warmthscale contrasted

sharply with the results for the control scales. The MZ and DZ
correlations were .54 and .17 for ratings of mothers’ warmth and
.74 and .21 for ratings of warmthof fathers. Despite the relatively
small samplesize, the MZ correlations were significantly greater



48 GENETICS AND EXPERIENCE

than the DZ correlations for both mothers and fathers, suggesting
a genetic contribution to adolescents’ perceptionsof their parents’

warmth. It should be emphasized that these results also provide

evidence for nongenetic influence, as indicated by MZ correla-

tions less than 1.0. However, it is not news to showthat environ-

mental measures are environmental; the newsis that genetic factors

contribute to environmental measures.

Whatdoesthis finding of a genetic contribution to adolescents’

perceptions of parental warmth mean? The question is central to

this book and merits a careful and lengthy answer. However, the

short answeris that some genetically influenced processes may be

involved in adolescents’ reports of their parents’ warmth. Perhaps

attributional processes underlying self-reported perceptionsare a

manifestation of genetic influence. Perhaps the genetic contribu-

tion is not just in the eye of the beholder. It might be in the

behavior of the child to which the parent responds. As discussed

in Chapter 4, the question of the processes responsible for the

genetic role in measuresof the environmentprovides an empirical

point of entry into the hyphen between nature-nurture.

Before going too far toward interpretation, the basic phenome-

non of a genetic role in measures of the environment needsbetter

documentation. The article by Rowe was just one small twin study

that suggested genetic effects for one of three scales. Perhapsit

wasa fluke.

In 1983, Rowe published a secondarticle that repeated the 1981

study and extendedit. The study included an independent sample

of 90 pairs of adolescent twins and a different measure of the

family environment. The measure was the widely used Family

Environment Scale (Moos & Moos, 1981), which assesses the gen-

eral atmosphereof the family rather than specific parenting prac-

tices. Two second-orderfactors emergedthat represent the control

and warmth dimensionstypically found in studies of parenting.

Rowelabeled the two dimensions restrictiveness-permissiveness and

acceptance-rejection.

The results, also included in Table 2.1, clearly replicated those

of the first study. For the control dimension, the MZ and DZ

correlations were .44 and .54, respectively. This pattern of twin
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correlations suggests no heritability and moderate effects of shared
environment. In contrast, the warmth dimension yielded MZ and
DZ correlations of .63 and .21. The MZ correlation is significantly
greater than the DZ correlation and thus implicates genetic factors.
The 1983 report also included analyses of 118 pairs of non-twin

siblings from anotherstudy. The use of non-twinsiblings tests the
generalizability of twins to non-twin siblings. For example, per-
haps twins, whoare exactly the same age, may be treated more
similarly than non-twin siblings, who are a year or moreapart in
age. To the contrary, the sibling correlations were similar to, even
somewhathigher than, those for DZ twins:.59 for control and .46
for warmth. This finding suggests that the twin results can be
generalized to non-twinsiblings.

Other Research on Children’s Perceptions
of Family Environment

It is rare in the behavioral sciencesto see such perfect replication
of anew andexciting finding. The extentof the replication in these
twostudies with different subjects and different measures wasto
some extent due to luck becausetherelatively small samplesizes
of these two studies yielded twin correlations with large standard
errors. Additional replication was needed with larger samples.It
wasalso important to see whethersimilar results would emerge
from studies using non-twin subjects, ages other than adolescence,

and measuresother than questionnaire ratings of parenting.
Before turning to studies that explicitly addressed this issue,it

is possible to reinterpret some older studies in this new light. The
earliest relevant research was not conducted for the purpose of
investigating a genetic contribution to measures of the family
environment. The goal of the research was to address the “equal
environments” assumption of the twin method by studying whether
MZ twins are treated more similarly than DZ twins (Lehtovaara,
1938; Loehlin & Nichols, 1976; Smith, 1965; Wilson, 1934; Zazzo,
1960). Although MZ twins were foundto be treated moresimilarly
by their parents for some measures, the general conclusion from
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such research has been that such MZ-DZ differences in treatment

do not relate environmentally to twin differences in the behaviors

under investigation (Plomin, DeFries, & McClearn, 1990). For

example, within MZ twin pairs, twinpairs treated moresimilarly

were not found to be more similar on behavioral traits (Loehlin &

Nichols, 1976). Another set of studies showed that, for twins

whose zygosity is mistaken by their parents, true zygosity rather

than mistaken zygosity is related to twin similarity (Goodman &

Stevenson, 1991; Scarr, 1968; Scarr & Carter-Saltzman, 1979). Thus,

labeling twin pairs as MZ or DZ doesnot seem to be an important

source of unequal environments.

However, the issues are more complex than is commonlyrecog-

nized. This research literature assumed that treatment of MZ and

DZ twinsis strictly an environmental affair. If genetic factors

contribute to environmental measures, we would expect MZ twins

to be more similar than DZ twins. Is this not a violation of the

equal environments assumption? Althoughit might seem so, the

answeris “no.” The equal environments assumption of the twin

method refers to the environmental componentof variance, that

is, the effects of environmental influences on individual differ-

ences for a trait. However, the genetic contribution to measuresof

the environment should not be considered part of the environmen-

tal componentof variance nor the genetic componentof variance

because it is a combination of the two. It involves a different

componentof variance called genotype-environmentcorrelation,

discussed in Chapter 4. The issues are certainly broader than the

equal environments assumption of the twin method becauseother

designs such as adoptionstudies also furnish evidencefor genetic

effects on measures of the environment. Evidence from non-twin

designs are reviewedin the following sections.

RETROSPECTIVE REPORTS OF MIDDLE-AGED TWINS REARED

APART AND TWINS REARED TOGETHER

Five years after Rowe’s secondreport, his results were repli-

cated and extended in a study that was part of the Swedish Adop-

tion/Twin Study of Aging (SATSA; Plomin, McClearn, Pedersen,
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Nesselroade, & Bergeman, 1988). An abbreviated version of the
FES (Family Environment Scales) was completed by 179 reared-
apart twin pairs and 207 reared-togetherpairs. In addition to its
powerful design, the SATSA study was novelin that the twins
were 60 years old on average. These middle-aged twins were
asked to report retrospectively about the environmentof the fam-
ily in which they were reared half a century earlier. The FES was
modified for this purpose. It should be noted that even though the
twins were middle-aged, the design involves their perceptionsof
the family environmentin which they werereared. Although the
accuracy of retrospective reports of parenting can be doubted
(Halverson, 1988), adults’ memories or even myths abouttheir
parentsare part of their perceived experience.

In addition to presenting results for the second-orderfactors of
the FES, eight of the primary FES scales were analyzed, and this
provedilluminating as shownin Table 2.2. Focusing on the direct
estimate of heritability provided by MZA,the lowest correlation
(—.03) is for the FES primary Control scale. This low correlation for
MZAindicates no genetic influence for perceptions of parental
control. Althoughthe classical twin comparison of MZT and DZT
suggests some heritability, model-fitting analyses that analyze
data from all four groups simultaneously yield the lowest herita-
bility estimate for this scale (h? = .15). This replicates Rowe’s finding
concerning adolescents’ perceptions of parental control. The new
finding wasthat analysis of the primary FESscales indicatedthatit
is not just warmth that showsa genetic contribution but mostof the
scales other than control. Model-fitting analyses yielded significant
genetic estimates for the following FES scales: Expressiveness, Con-
flict, Achievement Orientation, Intellectual-Cultural Orientation,
Active-Recreational Orientation, and Organization.
The results for the second-order FESscales are presentedat the

bottom of Table 2.2. Similar to Rowe’s findings, genetic effects
were nonsignificant for a second-order control dimension called
System Maintenance (h* = .11). This dimension comprises the
Control and Organization primaryscales. In contrast, heritability
wasSignificant (h2 = .38) for a second-order warmth dimension
called Relationship that consists of the Cohesion, Expressiveness,
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TABLE2.2 Twin Correlations and Heritabilities for Adult Twins’ Retro-

spective Ratings of Their Childhood Family Environment
a

Model-Fitting

FES Scale MZA MZT DZA DZT Heritability

NN

Primary

Cohesion Al .60 32 43 22

Expressiveness 22 45 .07 29 .24*

Conflict 35 58 18 46 32*

Achievement 39 5 16 31 35"

Cultural 33 61 22 43 31*

Active 38 .60 .28 47 .25*

Organization 12 3 17 32 24"

Control —.03 2 21 29 15

Second-Order

Relationship (warmth) 37 .66 29 42 38*

System Maintenance .00 .60 17 31 1

(control)

Personal Growth 42 53 .26 5 .19*
OW

SOURCE:Plomin, R., McClearn, G. E., Pedersen, N. L., Nesselroade,J. R., & Bergeman, C.S.

(1988). Genetic influence on childhood family environmentperceived retrospectively from the

last half of the life span. Developmental Psychology, 24, 738-745. Copyright 1988 by the American

Psychological Association. Reprinted by permissionof the publisher.

NOTE:Samplesizes varied from 74-84 pairs for MZA, 128-135 for MZT, 185-192 for DZA, and

171-181 for DZT.

* Significant (p < .05) model-fitting test of heritability comparing reduced models.

and Conflict primary scales. Another second-order dimension

called Personal Growth involves the remaining primaryscales of

Achievement, Cultural, and Active primary scales. The Personal

Growth dimensionalso yields significant heritability (h* = .19).

The SATSAresults were confirmed in a small study of reared-

apart twins (45 MZA and 26 DZApairs) from 19 to 68 years of age

(Bouchard & McGue,1990). The heritability estimate for the warmth

factor was .31 andfor the controlfactor it was .15. The individual FES

scales also confirmed the SATSAresults: Heritabilities for the cohe-

sion and conflict scales were .31 and .30, respectively, whereasfor

the control scale heritability was only .10. Another twin study of

adults’ retrospective reports of the family in which they were

reared foundresults for twins reared together that further confirm
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these findings andare quite similar to the results of Rowe’s (1983)
original study (Jang, 1993). For cohesion and conflict, model-
fitting heritability estimates are .58 and .61, respectively, and for
control the heritability estimate is .00 in a study of 89 MZT, 49
same-sex DZT, and 65 same-sex non-twin sibling pairs from 16 to
45 yearsof age.

In SATSA, twins reared together are more similar than twins
reared apart for all scales. This is not surprising because, as in
Rowe's studies, the twins reared together rate the same family.
Whatis surprising is that correlations for twins reared apart are
generally significant even though the co-twins are reporting on
different families. Moreover, just as MZTcorrelations exceed DZT
correlations, MZA correlations exceed DZA correlationsforall but
the two control-related scales of Organization and Control. Find-
ing genetic effects using this adoption design adds substantially
to confidencein theresults of classical twin studies that compare
MZTand DZT.Butthereal surprise in these adoption results needs
emphasis. The MZA and DZA co-twins are reporting on different
families. If the MZA and DZAcorrelations had been zero, we would
havejust shrugged them off saying, “Of course, what else would you
expect given that the co-twinsare rating different families?”
How can genetic effects emerge when the co-twins are rating

different families? There are at least three possibilities. First, sim-
ilarities in the family environmentsof reared-apart twins could be
due to selective placementin that the families in which the two
twins were reared might in fact be similar. This seems unlikely
becauseselective placementin SATSA appearstobe modest (Pedersen,
McClearn, Plomin, & Nesselroade, 1992). Moreover,selective place-
ment could accountfor the genetic evidence only with the additional
awkward assumption that adopted-apart MZ twins were placed
in more similar family environments than adopted-apart DZ twins.
Half the twins were separated before theirfirst birthday whenitis
difficult to know whethertwinsare identical or fraternal.
A secondinterpretation involves the subjective, self-report na-

ture of the FES. Finding heritability for twins reared apart in
different families could be dueto genetic effects on generalattri-
butional processes that affect perceptions of the environment.
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That is, genetic effects could be in the eye of the beholder—for

example, wearing genetically fashioned rose-colored or dark-tinted

glassesthat color the family environment through theblur of half

a century.

The third interpretation is the mostinteresting in relation to the

hyphenin nature-nurture.It is possible that subjective reports on

the FES are veridical. If the twins’ perceptions are veridical, the

mostlikely explanation for finding genetic effects in the data for

reared-apart twinsis that members of the two families responded

similarly to genetically influenced characteristics of the separated

twins or that the twins contributed to similar family dynamics.

Althoughit is tempting to interpret these findings further at this

point, an extendeddiscussionis better placedafter all the relevant

researchis described.

In summary, genetics has been implicated not only in Rowe's

two twin studies that employed measures of adolescents’ percep-

tions of their family environment but also in SATSA, which em-

ployed perceptions of middle-aged adults of their rearing family

environmenthalf a century earlier. SATSA combined the adoption

design withthe classical twin design. These adoptiondata yielded

the intriguing finding that MZA are more similar than DZA in

reporting on their family environments even though both types of

twins wererearedin different families. The SATSAresults extend

Rowe’s findings by suggesting that genetic factors contribute not

only to warmthbutto several facets of family environment, other

than those indexing control.

REPORTS OF RELATIVE DIFFERENCES

IN FAMILY ENVIRONMENTS

Three sibling studies used a different type of questionnaire

concerning the family environment. The Sibling Inventoryof Dif-

ferential Experience (SIDE) was developed to assess nonshared

(differential) experiencesof siblings, not just in relation to parents

but also to each other and to peers (Daniels & Plomin, 1985). The

novel aspect of the SIDE is that it asks siblings to rate their

experiences relative to their siblings rather than in an absolute
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sense. For example, one of the SIDEdifferential parental treatment

items is, “Mother has been sensitive to what we think and feel.”

Each sibling answers on a 5-point scale in which 1 represents

“toward sibling much more,” 3 means “same toward mysibling

and me,” and 5 means “toward me much more.” The motivation

behind the construction of the SIDE wasthat children should be

able to rate relative differences in their experiences as compared

to their sibling moreeasily than they can make absolute judgments.

The usual strategy of questionnaires involves such absolute judg-
ments. For example, the question about maternalsensitivity would

typically be asked in the following manner: Howsensitive is your

mother to what you think and feel? The child might be asked to

respond on a 5-point scale in which 1 signifies “rarely” and 5
indicates “nearly all of the time.”

This novel approachof relative ratings seems particularly well
suited to research on nonshared environment, which was the

purpose for which the SIDE was designed. However,the relative

ratings present a challenge for genetic analysis. Why not just com-
pute sibling correlations as is usually done for questionnaires? An
approachlike this has been taken in one twin study using the SIDE
(Jang, 1993). The problem is that such sibling correlations do not
involve only the similarity of their treatment. They also involve
the degree of sibling agreement about differential treatment, an
interesting topic but not the issue at hand. For example, siblings
might not agree at all about whomtheir mother loved best because
in somepairs both siblings say that mother loved them best and
in other pairs both siblings say their mother loved the other one
best. John Loehlin (personal communication, January 31, 1993) has

pointed out that MZ twins might agree more than DZ twins but
have smaller differences to judge than DZ twins. These twopro-
cesses may Offset each other and lead to similar correlations for
MZ and DZ twins.

The SIDE difference scores themselves express howsimilarly or
differently the siblings perceive themselvesto be treated, indepen-
dent of the siblings’ agreementabout differential treatment. How-
ever, these relative difference scores cannotjust be averaged because
the average difference should be near the midpointrating of 3 for
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both MZ and DZ twins. One wayaroundthis problem with ratings
of relative sibling differences for genetic analyses is to transform
the relative differences to absolute (unsigned) differences. Abso-

lute differences indicate perceived differences in experience re-
gardless of which twin reported more of a particular experience.
The transformation is accomplished by changing a 3 (no differ-
ence) to 0, changing scores of 2 or 4 (slight difference) to 1, and

changing scores of 1 or 5 (much difference) to 2. For example,
regardless of whether an individual felt that mother was much
more affectionate to the sibling or much moreaffectionate to the
individual, that individual’s relative score of 1 (“toward sibling
much more”) or 5 (“toward me much more”) would be trans-

formed to an absolute difference score of 2 (much difference). The

relative difference scores of each individual are transformedin this

wayto an absolute difference score. Because the absolute difference
is calculated from each individual’s relative difference score, the

absolute difference scores do notassess sibling agreement.

Asin the case ofrelative difference scores, we cannot simply

calculate sibling correlations because such correlations address

the issue of sibling agreement about differences, not the differ-

ences themselves. Instead, average absolute differences can be

compared for different groups of siblings. For example, if the

average absolute difference is smaller for MZ than DZ twins,

genetic effects are implicated. Although wecantestfor the signif-

icance of such differences and estimate effect size in relation to

such difference scores, an unsolved problem is the calculation of

a meaningful heritability estimate from such difference scores.

The SIDE wasusedin a twin study (Baker & Daniels, 1990), in an

adoption study (Daniels & Plomin, 1985), and in the Nonshared

Environmentin Adolescent Development project (NEAD), which

includes twinsas well as othersibling relationships (Pike, Manke,

Hetherington, Reiss, & Plomin, 1993). The twin study (Baker &

Daniels, 1990) included 235 pairs of adult twins who responded

retrospectively about the family in which they werereared. Table

2.3 lists absolute sibling differences (and standard deviations of

these differences) for the eight scales of the SIDE that involve

family environment. (The peer scales are discussed in the next
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TABLE 2.3. MZ and DZ Within-Pair Sibling Differences on the SIDE in
Adult Twins

SIDE Scales MZ diff (SD) DZ diff (SD)

Maternal Affection .27 (.35) * 41 (.44)

Paternal Affection .26 (.38) * 50 (.51)

Maternal Control .21 (.40) * 40 (.52)

Paternal Control 19 (.39) * 46 (.60)

Sibling Closeness 51 (.51) * 74 (.52)

Sibling Antagonism 61 (.45) .76 (.42)

Sibling Caretaking .66 (.43) .76 (.41)

Sibling Jealousy 62 (.45) * 81 (.45)

SOURCE: Adapted from Baker & Daniels (1990). A similar version of this table appeared in
Plomin, R., & Bergeman, C. 5S. (1991). The nature of nuture: Genetic influence on “environmen-
tal” measures. Behavior and Brain Sciences, 14, 373-427. Reprinted with permission of Cam-
bridge University Press.
NOTE: Sample includes 139-161 MZ pairs and 61-74 DZ pairs.
* Meanof MZdifference significantly (p < .05) lower than meanof DZ.

chapter, which focuses on extrafamilial influences.) DZ differ-
encesare greater than MZ differencesforall eight SIDE scales and
the differences are significant for six of the eight scales. Unlike the
results of Rowe’s studies and SATSA,significant genetic effects
are found for perceptions of mothers’ and fathers’ control as well
as affection. This maybe dueto the useofdifferential rather than
absolute ratings. A new finding is that genetics is implicated for
someaspects of the sibling environmentas well as the parenting
environment. DZ differences are significantly greater than MZ
differences for the warmth scale of sibling closeness and for sib-
ling jealousy, but not for sibling caretaking or sibling antagonism.

Table 2.4 presents results for adolescent twins in NEAD(Pike et
al., 1993). The results are similar for the two co-twins in each pair.
Twodifferences stand outfor these adolescent twins in this report
as comparedto the adult twins in the report by Baker and Daniels
(Table 2.3). First, adolescent twins, both MZ and DZ,rate their
parental and sibling treatment as less differential than the adult
twins. This difference may be influenced by the use of retrospec-
tive reports of family life by the adult twins, implyingthat as time
goes by perceptionsof differences are exaggerated. However, the



58

TABLE2.4 MZ and DZ Within-Pair Differences on the SIDE in Adoles- |
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cent Twins

Twin 1 Twin 2

MZ DZ MZ DZ

SIDE Scales diff (SD) diff (SD) diff (SD) diff (SD)

Maternal Affection 13 (.29) .20 (.28) 14 (.24) .16 (.26)

Paternal Affection 09 (.19) 16 (.32) .09 (.18) 12 (.23)

Maternal Control .20 (.34) 31 (.40) .22 (.36) 33 (.42)

Paternal Control .O9 (.21) 19 (.39) 13 (.26) .21 (.29)

Sibling Closeness 33 (.45) AA (.46) 33 (.41) 43 (.40)

Sibling Antagonism  .44(.38) *  .55 (.41) 44 (.37) 58 (.35)

Sibling Caretaking .50 (.40) 61 (.44) 45 (.33) .64 (.39)

Sibling Jealousy 39 (.40) *  .50(.40) 34 (34) 50 (.38)

SOURCE:Adapted from Pike, Manke, Hetherington, Reiss, & Plomin (1993).

NOTE: Sample includes 93 MZ pairs and 98 DZ pairs.
* Mean of MZdifference significantly (p <.05) lower than meanof DZ.

FES does not show this pattern of results when Rowe’sresults for

adolescent twins (Table 2.1) are compared to the retrospective

results from SATSA (Table 2.2), although it is possible that the

relative ratings of the SIDE are moresensitive to such effects.

The second difference between Tables 2.3 and 2.4 involves the

pattern of genetic effects. Although some genetic effects are sug-

gested for the SIDE parent scales, with the exception of parental

affection, significant genetic effects for the adolescent twins emerge

for the sibling scales rather than the parent scales (Table 2.4). In

contrast, the results for the adult twins show significant genetic

effects to a greater extent for the parent scales than thesibling

scales (Table 2.3).

An ongoing 3-year follow-up of the NEAD samplewill be useful

in testing the hypothesis that these differences are due to age

rather than to alternative explanations such as chancedifferences

between samplesorthe use of a retrospective version of the SIDE

in the adult sample. It should also be mentioned that the NEAD

project included 95 pairs of full siblings in nondivorced families.
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The results for these siblings were very similar to the DZ results,
suggesting that twins’ ratings of their treatment by parents and
siblings are not more similar than ratings by non-twin siblings.
One adoption study supportstheinterpretation that, for adoles-

cents, SIDE sibling differential treatment showsgreater genetic
effects than parental differential treatment (Daniels & Plomin,
1985). This study employedthe sibling adoption design that com-
pares nonadoptive siblings (biological siblings in nonadoptive
families) and adoptive siblings (pairs of genetically unrelated
children adopted early in life into the same family). The study
included 384 adolescent and youngadult pairs. Results are shown
in Table 2.5. Althoughtheseresults suggest less genetic influence
than the twin results, genetic effects are suggested for the sibling
scales rather than the parenting scales, a result similar to the
adolescent twin results shownin Table2.4.
However, another studyyields different results, which may be

dueto the useof a different design (Pike et al., 1993). In addition
to MZ and DZ twins andfull siblings in nondivorced families
mentioned earlier, NEAD included 182 pairs of full siblings in
stepfamilies and 130 pairs of unrelated siblings in stepfamilies.
The SIDE results for this quasi-adoption design are shown in
Table 2.6. Significant genetic effects emerge for the parentscales
rather than the sibling scales. Caution is warranted, however,
because perceptionsof differential treatment seem likely to be
affected in stepfamilies, especially for unrelated siblings in which
both the remarried mother and father bring a child from a
former marriage.

In summary, therelative ratings of the SIDE are quite different
from traditional measures and present problemsfor genetic anal-
ysis. Nonetheless, some evidencefor genetic effects emerges from
these twin and adoptionstudies, although more research is needed

SIDE mightalso follow up on the hypothesisthat genetic effects
for adolescents are found primarily for sibling treatment rather
than parent treatmentandvice versa for adults.
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TABLE 2.5 Nonadoptive and Adoptive Within-Pair Differences on the
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SIDE in Adolescents and Young Adults

  

Nonadoptive Adoptive

SIDE Scales diff (SD) diff (SD)

Maternal Affection 49 (.45) 49 (.44)

Paternal Affection 54 (.48) 50 (.45)

Maternal Control 64 (.51) 62 (.48)

Paternal Control 69 (.54) 64 (.50)

Sibling Closeness 62 (.46) .78 (.46)

Sibling Antagonism .75 (.38) 83 (.37)

Sibling Caretaking 79 (.32) 85 (.35)

Sibling Jealousy 83 (.45) 89 (.43)

SOURCE:Adapted from Daniels & Plomin (1985). A similar version of this table appeared in

Plomin,R., & Bergeman,C.S. (1991). The nature of nurture: Genetic influence on “environmen-

tal” measures. Behavior and Brain Sciences, 14, 373-427. Reprinted with permission of Cambridge

University Press.
NOTE: Sample includes 149-179 pairs of nonadoptive siblings and 185-205 pairs of adoptive

siblings.
* Mean of nonadoptivesiblings significantly lower than meanof adoptivesiblings.

A SYSTEMATIC EXAMINATION

OF FAMILY ENVIRONMENT MEASURES

Other than the NEADproject, the genetic studies previously

described were not designed specifically to investigate genetic

contributions to environmental measures. They were focused on

other issues such as personality and happenedto include oneor two

environmental measures.In contrast, the NEADproject wasthefirst

study to focus on the systematic examination of diverse measures of

the family environmentin the context of a genetic design. Measures

included 72 scales that assessed relationships, expression of affec-

tion, discipline, monitoring, disagreements, and conflict tactics.

Of the 72 scales, 54 showedsignificant genetic effects in model-

fitting analyses, and the average heritability estimate for the 72

measures was.26, suggesting that about a quarter of the variance

of these environmental measures can be accounted for by genetic

differences among children (Plomin,Reiss, Hetherington, & Howe,

in press). As in the previous studies, measures of both parental

behavior andsibling behavior showedgenetic effects.



Family Environment 61

TABLE 2.6 Within-Pair Differences for Adolescent Full Siblings and Un-
related Siblings in Stepfamilies on the SIDEa

Older Child Younger Child
Full Sib Un. Sib Full Sib Un. Sib

SIDE Scales diff (SD) diff (SD) diff (SD) diff (SD)

Maternal Affection 30 (.38) *  .47 (.49) .28 (.39) * .46(.51)
Paternal Affection .23 (.37) *  .41 (.53) .24 (37) * 35 (.48)
Maternal Control 43 (.43) 49 (.47) 40 (.44) * .52(.51)
Paternal Control .29 (.38) *  .39(.50) .29 (.40) 36 (.49)
Sibling Closeness 44 (.44) 40 (.41) 49 (.49) 41 (.45)
Sibling Antagonism

_

.57 (.36) 54 (.39) .62 (.43) 49 (.38)
Sibling Caretaking 69 (.39) .64 (.45) .70 (.45) 99 (.43)
sibling Jealousy 55 (.38) 43 (.41) 58 (.43) 50 (.41)

ur

_-crrro—

eee

SOURCE: Adapted from Pike, Manke, Hetherington, Reiss, & Plomin (1993).
NOTE: Sample includes 182 pairs of full siblings and 130 pairs of unrelated siblings, all in
stepfamilies.
* Meanoffull siblings significantly lower than mean of unrelated siblings.

For example, adolescentratings of their closeness to their mother
yielded correlationsof .53 for MZ,.37 for DZ, and .28forfull siblings
in nondivorced families. These results suggest a genetic contribu-
tion and possibly somegreater similarity for DZ twins than for
full siblings. The novelaspectof the design involved stepfamilies
with full siblings, half siblings, and unrelated siblings. Thesibling
correlations for these three groups for the maternal closeness
measure are not pretty: .04, .20, and -.10, respectively. The com-
parison between the correlation of .28 for full siblings in non-
divorced families and .04 for full siblings in stepfamilies suggests
the possibility of decreased resemblancein stepfamilies. Although
the half-sibling correlation is relatively high, the correlation for
unrelated siblings is the lowest of the six correlations. Model-
fitting is particularly useful in such multiple-group comparisons
in orderto analyzeall of the data simultaneously. For the scale of
maternal closeness, the model-fitting estimate of heritability is
significant and substantial (h* = 51).

In contrast to this warmth-related scale, the most direct measure
of control yielded the lowest estimate of heritability (h* = .10 for
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mothers and .18 for fathers). Significant heritability was found for

adolescents’ ratings of both mothers and fathers for several di-

mensionsnot included in previous research, such as punitiveness,

reasoning during conflict, and monitoring.

Because the results of this study are so voluminous, they are

summarized in Table 2.7 in relation to composite measures of

positive, negative, and monitoring behavior derived from factor

analyses of the 72 measures. The table includes model-fitting

estimates of variance componentsbytarget (parentor sibling) and

by respondent(child or parent). Thefirst eight rows report results

for the adolescents’ ratings of their parents andtheir siblings. The

average heritability estimate is .33 for ratings of mother and .42

for ratings of father. For the shared environment parameter, the

average estimates are .15 for mothers and .10 for fathers. Mostof

the variance is due to nonshared environment plus error of mea-

surement. Adolescents’ ratings of their siblings also show genetic

effects (h7 = .33 on average). The rest of Table 2.7, which suggests

that heritability does not depend on respondent, is discussed in

the following section.

In summary, this first systematic study of diverse measures of

family environmentconfirmsthe results of earlier studies in sug-

gesting a genetic contribution to children’s perceptions of many

facets of their family environment.

Research on Parents’ Perceptions

of Family Environment

The research reviewed up until this point involved children’s

ratings of their parents andsiblings. Are genetic effects limited to

children’s perceptions of the family environment? One extension

of this research is the investigation of parents’ perceptions. Two

types of genetic designs have been used.In a twin study, the twins
4

behavior toward eachof the twins. This design in which the twins

are the children can be called a child-based genetic design. In the
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TABLE 2.7, NEAD Componentsof Variance by Respondentand Target$e

pseeERODE

Respondent Target Composite e7 e: h?

Child Mother Positive 00 .20* .30*
Negative 46 .14* .40*
Monitoring 61 .10* 29"

Child Father Positive 38 .06 06"
Negative 03 .24* 23
Monitoring 3 01 .46*

Child Sibling Positive 27 .37* 36"
Negative 30 .41* .29*

Mother Mother Positive .10 02" .38*
Negative .08 .38* 03*
Monitoring 01 .98* 03

Father Father Positive 07 .71* .22*
Negative 10 .61* 30"
Monitoring 02 .98* 02

Mother Sibling Positive .08 .71* .21*
Negative 11 .71* .19*

Father Sibling Positive .08 .83* .11*
Negative .10 .81* .10*rr

eee

SOURCE: Adapted from Plomin,Reiss, Hetherington, & Howe(in press).
NOTE: Model-fitting estimates of nonshared environment/error (e), shared environment (e2),
andheritability (h*). Significance of e? and h? was based on chi-square change from the standard
model to a reduced model in which these parameters were separately set to zero. Estimates
are based on a best-fitting model—either the standard model or models that allowed different
e for siblings (1) in nondivorced versusstepfamilies or (2) in twins versus non-twin siblings.
* p< .05.

child-based genetic design, the distinction between child ratings
and parentratings is more than methodological. Genetic effects

parents’ ratings, a genetic contribution will be seen only to the
extent that the parents’ perceptions of their behavior to their
children dependson genetic factors of the children, not on genetic
factors of the parents themselves. Subjective processes entailed in
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the parents’ ratings do not contribute to genetic effects in analyses

of child-based genetic designs. This would lead to greater herita-

bility for child-based genetic designs to the extent that such sub-

jective processes are involvedin ratings by children and parents.

A second design becomes possible when parental reports are

employed: The parents themselves can be the twins. This can be

called a parent-based genetic design.In contrast to the child-based

genetic design, when parents rate their parenting behavior in a

parent-based genetic design, any genetically influenced character-

istics of the parents that affect their perceptions of parenting will

contribute to heritability of parenting.

CHILD-BASED GENETIC DESIGNS

Three studies using child-based genetic designs are discussed

in this section.

NEAD.In addition to children’s ratings, the NEAD project de-

scribed in the previous section also included parents’ratings of their

treatment toward each of their adolescent children and of the

adolescent siblings’ treatment of each other. When parents rate

their behavior toward each of the twosiblings, sibling correlations

are about twiceas great as whenthe twosiblingsrate their parent,

probably because a single person is rating both children. This

results in the much greater estimates of shared environmental

influence shownin the secondhalf of Table 2.7. In the case of the

monitoring composite, parents reportthattheytreat their children

the same. Thatis, nearly all of the varianceis attributed to shared

environment becausethe sibling correlations are extremely high

for all four groups. (As indicated in the top of the Table 2.7,

children report that they are treated differently by their parents,

even for the monitoring composite.)

However, the genetic message from these results is that the

pattern of sibling correlations yields significant heritabilities for

parents’ ratings of their own positive and negative behavior and

the siblings’ behavior. This is an important finding because it

suggests that genetic effects are not only in the headsof the twins
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or adoptees whorate their parents. As noted earlier, in a child-
based genetic design, parental ratings will show genetic effects
only if they reflect genetically influenced characteristics of the
children, not of the parents. As expected on the basis of this
reasoning,heritabilities are somewhatlowerfor parental reports
than for child reports.
Another interesting aspect of the results is the support they

providefor the hypothesis that parental control showsless herita-
bility than other dimensionsof parenting. Although thepositive
and negative composites yielded significant heritability, heritabil-
ity estimates were negligible for the monitoring composite. In the
case of parental reports, however, negligible heritability occurs
because parents report that they do not differentiate their two
children on this dimension of parenting.

Colorado Adoption Project. The Colorado Adoption Project also
included parental reports of parenting when their children were
7 and again at 9 years of age. A measureof parenting style (Dibble
& Cohen, 1974) was usedthatassesses eight socially desirable and
eight socially undesirable parenting techniquesandyields three
factors: warmth,control, and inconsistent parenting. Theresults
for the three factors for the sibling adoption design are presented
in Table 2.8 (Braungart, in press). At both 7 and 9 years, the
warmthscale is heritable and the controlscale is not significantly
heritable. The high heritabilities for the warmth factorare surpris-
ing in light of the issues discussed earlier concerning parentrat-
ings in a child-based genetic design.In this first reportof parental
inconsistency, the results are themselvesinconsistent, suggesting
heritability at 9 years but not 7 years.

Goodman and Stevenson. A study of 200 pairsof 13-year-old twins
involved a lengthy interview with parents in which parental warmth
and criticism by both mothers and fathers were assessed toward
each twin separately (Goodman & Stevenson, 1991). Table 2.9 lists
the percentages of twin pairs who experienced the same degree of
parental warmthorcriticism. These parental interviews suggest
genetic effects in that parental warmth andcriticism are more
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TABLE 2.8 Nonadoptive and Adoptive Sibling Correlations and Model-

Fitting Heritabilities for Parental Reports on a Measure of

Parenting Style When the Children Were 7 and 9 Years Old
i

  

7 Years 9 Years

Factor Nonadoptive Adoptive h? Nonadoptive Adoptive h?

NN

Warmth .76 42 .06* 79 2 40*

Control 74 .63 18 48 6 .00

Inconsistency 06 .68 .00 7 33 46*

a

SOURCE:Adapted from Braungart(in press).

NOTE:N at 7 years = 49-51 nonadoptive pairs and 46-49 adoptive pairs. N at 9 years = 43-46

and 31-33, respectively.
*p < .05.

similar for MZ than for DZ twins. A novel feature of this study

was an analysis comparing MZ twins who were correctly recog-

nized as MZ twins by their parents and MZ twins who were

mistakenly labeled as DZ twins by their parents. The results are

very similar for the two groups of twins, suggesting that the

results depend on true zygosity rather than on parental beliefs

about zygosity. In other words, these results support the reason-

ableness of the equal environments assumption(see earlier dis-

cussion) specifically in relation to a measureof parenting.

It should be emphasizedthat the genetic designs of these three

studies hinge on the children rather than the parents. Thatis, the

children, not the parents, are twins and adoptees. The following

section considers genetic designs in which the parents are the

twins and adoptees.

PARENT-BASED GENETIC DESIGNS

In contrast to genetic designsthat are based on children as twins

and adoptees, it is possible to use parent-based genetic designs.

For example, adult twins whoare parents can be asked to report

on their own parenting. As discussed in the previous section,

child-based genetic designs are able to detect genetically influ-

enced subjective processes thataffect the children’s ratings of their

parents but not genetically influenced subjective processes in-
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Parental WarmthorCriticismeee
Percentage of Concordant Twin Pairs

Scale Recognized MZ Unrecognized MZ Same-Sex DZss
Maternal warmth 85% (59/69) 83% (20/24) 71% (77/109)
Paternal warmth 94% (50/53) 82% (14/17) 64% (51/80)
Maternalcriticism 86% (59/69) 92% (22/24) 57% (61/108)
Paternalcriticism 76% (40/53) 77% (13/17) 70% (55/79)a
SOURCE:Plomin,R., & Bergeman,C.S. (1991a). The nature of nurture: Genetic influence on“environmental” measures. Behavior and Brain Sciences, 14, 373-427 (with Open Peer Commen-tary). Reprinted with permission of Cambridge University Press.

volvedin their parents’ ratings. Parent-based genetic designs are
complementaryin that they can detect genetic effects on the sub-
jective processes that might affect the parents’ ratings of their
behavior toward their children.

In SATSA, an abbreviated version of the Family Environment
Scales (FES) was completed by 179 reared-apart twin pairs and 207
reared-togetherpairs in relation to each twins’ current family, that
is, the family consisting of the adult twin subject and his or her
spouse and children (Plomin, McClearn, Pedersen, Nesselroade,
& Bergeman, 1989). It should be noted that parenting per se was
not assessed butrather perceptionsof the general family environ-
ment. To the extent that the FES assesses not only characteristics
of the parents butalso characteristics of the spouse andchildren,
it could dilute estimates of genetic effects when parents are the
target of the genetic analysis.

Results of this study are summarized in Table 2.10. The average
MZAcorrelation is .25, ranging from .10 for Cohesion to .45 for
Culture. Because the MZA correlation directly estimates heritabil-
ity, this suggests that about a quarter of the variance of the FES
scales can beattributed to genetic factors. The average model-fit-
ting heritability estimate based on all of the data is similar (24%),
with the lowest estimate for Achievement (12%) and the highest
estimate for Culture (40%). Heritability estimates werestatisti-
cally significant (p < .05) for Expressiveness, Culture, Organiza-
tion, and Control, and marginally significant (p < .10) for Conflict
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TABLE 2.10 SATSA Twin Correlations and Heritabilities for Adult Twins’

Ratings of Their Current Family Environment
I

Twin Correlations Model-Fitting

FES Scale MZA MZT DZA DZT Heritability

I

SS

Cohesion 10 30 -.11 —.09 19

Expressiveness 3O7 22 01 11 .27*

Conflict 16 27 13 .06 29

Achievement 16 .23 05 9 12

Culture 45 37 .26 10 .40*

Active 12 37 .08 07 21

Organization 30 31 13 13 .26*

Control 36 18 21 12 .26"

I

SOURCE: Adapted from Plomin, McClearn, Pedersen, Nesselroade, & Bergeman (1989).

NOTE: Samples sizes varied from 40-50 pairs for MZA, 82-92 for MZT, 120-129 for DZA, and

104-115 for DZT.
* Significant (p < .05) model-fitting test of heritability comparing reduced models.

and Active. For every scale, the classical twin design yielded MZT

correlations that exceeded DZT correlations and the adoption

design yielded MZAcorrelations that exceeded DZA correlations.

It is interesting that, unlike the child-based genetic designs, this

parent-based design yielded significant genetic heritability for

control. Onepossibility is that this differenceis a result of using a

parent-basedrather than child-based genetic design.In this study,

twin parents reported on their own parenting, whereas in the

previousstudies, twin children rated the parenting of their moth-

ers and fathers. Genetically influenced characteristics of parents

may contribute to their perceptions of their own control (parent-

based design), even though the same measures may not reflect

genetically influenced characteristics of the children (child-based

design). One reasonable hypothesis is that this finding is due to

parents’ greater contribution to control in the family as compared

to the control wielded by children. Loehlin (personal communica-

tion, January 31, 1993) has suggested another possibility. Twins-

as-children are in the same family, and there are presumably

strong social pressures toward equal standardsin the application

of discipline to them. Twins-as-adults rearing their own children
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Preliminary reports of two other genetic studies using parent-
based designs confirm these findings. One study involved adult
MZ and DZ twins and adult adoptive siblings all of whom cur-
rently had their own families with children under 10 years of age
(Rowe, Callor, Harmon-Losoya, & Goldsmith, 1992). Model-fitting
analyses of data from the three groupsindicated significant heri-
tability for a control factor as well as for a warmth factor Another
study of more than a thousandpairs of parent twins also found
significant heritability for both control and warmth factors and
suggested greater heritability for mothers than for fathers (Perusse,
Neale, Heath, & Eaves, 1992).

A PARENT-OFFSPRING ADOPTION STUDY
IN MIDDLE CHILDHOOD

A recent report from the Colorado Adoption Project bridges
child-based and parent-based genetic designs. The study repre-
sents a parent-offspring adoption study that investigates resem-
blance betweenparental perceptions and child perceptionsoffamily
environment (Chipuer, Merriwether-Devries, & Plomin, 1993). The
parent-offspring adoption design compares resemblance between
adoptive parents and their adopted children with resemblance
between nonadoptive parents and their offspring. Genetic effects
are inferred when parent-offspringcorrelationsare greater in non-
adoptive families than in adoptive families. A second novel aspect
of this study wasits attemptto assess perceptions of much youn-
ger children than previousstudies. A 20-question card sori version
of five dimensions of the FES was constructed for interviewer-
guided administration to 7-year-old children.
Resemblance between maternal reports on the FES and the

reports of their children at 7 years of age was comparedfor 183
adoptive families and 162 nonadoptive families and for paternal
reports in abouthalf of the families. Despite the differences in mea-
sures and in age for the parents and children, modest parent-
offspring resemblance emerged that tended to be greater in
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TABLE2.11 Parent-Offspring Correlations for Nonadoptive and Adop-

tive Parents and Their 7-Year-Old Children
I

 

Mother Father

Nonadoptive Adoptive Nonadoptive Adoptive

I

Cohesion 35 -.08 24 02

Conflict 18 .07 -.01 .06

Control 23 02 .10 .09

Expressive .09 -.04 18 .06

Achievement 05 29 35 19
I

SOURCE:Adapted from Chipuer, Merriwether-Devries, & Plomin (1993).

NOTE: The number of mother-child pairs is 154 in nonadoptive families and 176 in adoptive

families; the numberof father-child pairs is 85 and 88, respectively.

nonadoptive than in adoptive families, as shown in Table 2.11.

Genetic effects are implicated for the major warmth dimension of

cohesion for both mothersandfathers. The other scales suggested

genetic effects for either the mothersor the fathers, although not

for both. These results indicate that views of the family environ-

mentshared by parentsandtheir offspring (not just by siblings as

in previous research) may show a genetic contribution even when

the offspring are as youngas 7 years. It should be noted that a

sibling adoption analysis of these data yielded significant herit-

abilities for conflict and achievement but not for the otherscales

(Braungart, in press).

WHY NO GENETIC CONTRIBUTION

FOR PARENTAL CONTROL?

AlthoughI havetried to focus on data ratherthan interpretation

in order to documentthe phenomenonof genetic effects on envi-

ronmental measures, this is an appropriate place to mention an

interesting hypothesis concerning parental control. Why does par-

ental control show less heritability than other parenting dimen-

sions in child-based genetic designs? Why does parental control

appear to showheritability in parent-based designs? Lytton (1991)

suggested that, for parental warmth, influence runs mainly from

the child to the parent. In contrast, the control-compliance litera-
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ture suggests that parental control runs much more from parent
to child (Lytton, 1980). In his own words:

[for parental warmth] the child is the dominant force, because parents
do notset out ona purposeful program tocreate or direct attachment
to them, and acceptanceis also largely a matter of the child’s dispo-
sition and relationship with the parent, rather than the parent’s
conscious choice. On the other hand, most parents do engage ina
conscious, purpose-driven program of shaping and controlling the
child’s behavior—henceitis their dispositions that counthere. (Lytton,
1991, p. 399)

As indicated in the next section on observational measures of
the family environment, thefindingof less heritability for parental
control than other dimensionsof parenting is less clear than it is
for self-report data. Nonetheless, evenif Lytton’s hypothesis were
limited to self-report data, the hypothesis may be heuristically
useful for exploring the etiology of individual differences in per-
ceptions of the family environment.

Observational Research on the Family Environment

The previously discussed body of research dependedentirely
on questionnaires. The most obviousdirection for research wasto
investigate whether genetic effects are limited to perceptions.In
this section, four observational studies are reviewed.

HOME OBSERVATION FOR MEASUREMENT
OF THE ENVIRONMENTIN CAP

Oneof the most widely used measures of the home environment
in relation to cognitive development in infancy is an observa-
tional/interview measure called the Home Observation for Mea-
surement of the Environment (HOME; Caldwell & Bradley, 1978).
For example,the first of the 45 HOMEitemsis “mother spontane-
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proximal measures of the home environment that go beyond

socioeconomicstatus.

A sibling adoption study has been reported for the total HOME

score for nearly 200 pairs of nonadoptive and adoptive siblings in

which each sibling’s home environment was assessed when the

child was 12 and 24 monthsof age as part of the longitudinal

Colorado AdoptionProject (Braungart, Fulker, Plomin, & DeFries,

1992). As shownin Table 2.12, the adoptive sibling correlations

indicate the presence of shared environmental influence, whichis

to be expected given that the HOMEassesses the “same” homefor

both children even though the HOMEis administered with a time

lag from 1 to 3 years apart for the two children in each family.

More to the present point, at both ages, nonadoptive sibling

correlations are greater than those for adoptive siblings, suggest-

ing genetic contributions to the HOME. Model-fitting analyses

confirmed significant heritability for the HOMEandestimated

that about 40% of the variance of the HOMEis genetic in origin.

Although a HOME-like measure constructed for the CAP for use

at 3 and 4 years showedlittle heritability (Braungart, in press), the

measure is problematic in several ways, suchasits lowreliability

and low correlation with IQ (Plomin, DeFries, & Fulker, 1988).

Nonetheless, this finding may represent a true developmental

trend. For example, parental responsiveness in infancy may be

more susceptible to genetically influenced characteristics of in-

fants than in childhood whensituational factors mayplay a larger

role in parental behavior.

Analyses of HOMEitems suggest different developmentalpat-

terns. For example, itemsrelated to maternal warmth(e.g., mother

praises child, mother’s voice is positive, mother caresses and

kisses child) show genetic effects at 12 months but not at 24

months (Saudino, 1993). In contrast, several items concerning toys

(e.g., eye-hand combinatorial toys, toys for literature and music,

“maturing” toys) suggest genetic effects at 24 months but notat

12 months. A similar developmental trend appears for an item,

“numberof physical punishments last week.” This item showed

no heritability at 12 months, slight heritability at 2 years, and
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TABLE 2.12 Correlations forNonadoptive and Adoptive Siblings and Model-Fitting Results for the HOMETotal Score at Ages 1 and 2

Sibling Correlations Model-Fitting
Nonadoptive Adoptive Heritability

TT

ss_>—
1 year .58* 35* A1*
2 years o7* -40* 40*TO
SOURCE:Adapted from Braungart, Fulker, Plomin, & DeFries (1992).NOTE:Samplesizes for nonadoptive and adoptive sibling pairs were 105 and 87, respectively,at 1 year and 103 and 86at 2 years.
* Significant (p < .05).

substantialheritability at 3 and 4 years. Analysesof the traditional
HOMEscales suggestthat the scales of Maternal Involvement and
Variety of Daily Stimulation are primarily responsible for genetic
effects on the total HOMEscore in infancy (Braungart,in press).
The Variety of Daily Stimulationscale is also the only HOMEscale
that showsheritability in early childhood.
Finding genetic contributions to the HOMEin infancyis impor-

tant for two reasons. First, the HOMEis more objective than the
questionnairesusedin the studies discussed previously. This sug-
gests that genetic effects on the family environmentare notjust in
the minds of parents and children but in their behavior as well.
Second,the finding is especially impressive because the HOME
instrument makes it difficult to detect genetic effects using a
child-based genetic design. As discussed earlier, a child-based

measurereflects genetic differences among children, not genetic
differences among parents. The HOME, however, includes many
itemsthatare not specific to the child and thus cannot be expected
to reflect genetic differences among siblings. For example, such
items as numbersof booksand of pets in the homecorrelate highly
for the two children (for both nonadoptive and adoptivesibling
pairs) and thus cannotdisplay genetic effects. This is in contrast
to itemsthat are specific to each child, such as mother’s response
to the child’s vocalizations and mother’s punishmentofchild.
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LYTTON’S OBSERVATIONAL TWIN STUDY

A small twin study by Hugh Lytton (1977, 1980) employed

observational ratings of mothers interacting with their 2-year-old

twins, although interview data were also included in the study’s

composite measures. The observational data suggested genetic

effects for seven parental treatmentvariables: material rewards,

amountof play, support of dependence, encouraging mature ac-

tion, monitoring, use of reasoning, and play frequency. A follow-

up study at age 9 also suggested genetic contributions to the

twins’ ratings of their parents’ attitudes and practices (Lytton,

Watts, & Dunn, 1986, 1988).

The mostinteresting feature of Lytton’s study wasits coding of

parent-initiated actions, defined as parental actions that were not

preceded bya child’s action within the previous 10 seconds. These

measuresof parent-initiated actions were summarizedin fourcat-

egories: command_/prohibition, suggestion, positive action, and neg-

ative action. Genetic effects emerged primarily for child-initiated

rather than parent-initiated actions. This finding makes sense

because the designis child-based, which meansthat genetic effects

should primarily be observed for child-initiated interactions. A

parent-based design, however, might show greater genetic effects

for parent-initiated actions. Lytton’s results also support the equal

environments assumption of the twin methodin the sense that

parents respond to rather than create greater similarity in their

children. This pioneering study is an exemplar of the type of

research that is needed to understand the processes by which

genetic factors contribute to environmental measures.

VIDEOTAPE OBSERVATIONS OF

MOTHER-CHILD INTERACTIONSIN CAP

The Colorado Adoption Project (CAP) provided thefirst reports

of videotaped observations of mother-child interactions in a ge-

netic design. Although such observations have their own method-

ological limitations, such as their artificiality and their brevity,

they are at least more objective than questionnaires. Thus obser-

vational data makeit possible to assess whether genetic influence
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on environmental measuresis limited to subjective processesin-
volved in questionnaire assessments.

(Dunn & Plomin, 1986). In additiontoits objectivity, an important
feature of this measurement strategy is that, unlike the HOME,
maternal behavior specific to each child is assessed. At each age,
mother and onechild were videotaped in three 5-minute sessions:
a structured task (teaching), a moderately structure task (play
with a specific set of toys), and an unstructured task (free play).
Factor analysis of various behavioral counts and ratings yielded
factors representing affection, control, and verbal responsiveness.
Nonadoptive and adoptive sibling correlations for these three

factors at 1, 2, and 3 years of age are shownin Table 2.13. Despite
the small sample sizes, the affection factor consistently shows
nonadoptivecorrelationsthat are substantially greater than adop-
tive correlations. No genetic contribution is suggested for the
control and verbal factors, with the exception of control at 3 years.
Although the small sample size warrants caution in drawing
conclusions,this cautionis offset to some extent by the replication
of results across the 3 years. As they stand,theresults suggestthat
maternalaffection is associated with genetic differences between
children. Concerning the suggestion of genetic effects on control
at 3 years, it should be noted that in contrast to the questionnaire
Studies that define control in termsof attitudes about rules and
organization, control in this study is very different, referring to
specific observable behaviors involving mothers’ directiveness
and intrusiveness.

In this series of reports, each child was videotapedinteracting
individually with his or her mother when the child was 1, 2, and
3 yearsold. In other words,thesiblings were studied at the same
age butat different measurement occasions separated on average
by 2 years. The Colorado Adoption Project also included a sub-
project called the Colorado Sibling Study in which the siblings
were studied at the same measurementoccasion butat different
ages (Dunn, Stocker, & Plomin, 1990). Children were videotaped
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TABLE 2.13 Correlations for Nonadoptive and AdoptiveSiblings for Vid-

eotaped Observations of Mother-Child Interaction at 1, 2,

 

and 3 Years of Age

Sibling Correlations

Factor Age Nonadoptive Adoptive

I

Affection 1 70 37

2 .60 1

3 9 -.05*

Control 1 44 46

2 .09 22

3 85 32*

Verbal 1 48 43

2 .68 65

3 30 29
I

iia

SOURCE: Adapted from Dunn & Plomin (1986); Dunn, Plomin, & Daniels (1986); Dunn,

Plomin, & Nettles (1985).

NOTE: The numberof nonadoptive and adoptivesibling pairs were 32 and 14 at 1, 26 and 19

at 2, and 23 and 21at3.
* Nonadoptivesibling correlation significantly (p < .05) greater than adoptive sibling correla-

tion.

interacting with their mother and sibling and mothers were inter-

viewed aboutthe siblings whenoldersiblings were 7 years old on

average and younger siblings were 4 (Rende, Slomkowski, Stocker,

Fulker, & Plomin, 1992). The sibling adoption design comparing

nonadoptive and adoptivesibling correlations was employed to

investigate genetic effects.

As shownin Table 2.14, videotaperatings of maternal behavior

indicated significant genetic contributions to control and atten-

tion, but not for affection and responsiveness. This finding sup-

ports the general finding of genetic effects on parental behavior in

child-based genetic designs, but conflicts with previous studies in

finding genetic effects for control but not warmth. As discussed

above, CAP videotape analyses of these same nonadoptive and

adoptive siblings showed genetic contributionsto warmth but not

control when each child was observed interacting with mother

when the child was 1 and 2 years, although at 3 years genetic

effects emerged for control (Dunn & Plomin, 1986). This discrep-
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TABLE 2.14 Correlations for Nonadoptive and Adoptive Siblingsfor Vid-
eotaped Observations of Mother-Child Interaction and Ma-
ternal Interviews When the Younger Sibling Was 4 and the
Older Sibling 7 on Averageeee

Sibling Correlations
Measure Nonadoptive Adoptive
eee

Video Observations

 

Maternal Behavior

Control 86 .65*
Affection .88 91
Attention 71 .36*
Responsiveness 95 94

sibling Behavior

Control 36 .28
Competition .66 .46*
Conflict 91 85
Cooperation .76 81

Unstructured Observations

Sibling Behavior

Positive 85 .63*

Negative 79 .62*

Maternal Interviews

Sibling Behavior

Positive 81 .62*

Negative 85 .65*

TT

r_-_

eee

SOURCE:Adapted from Rende, Slomkowski, Stocker, Fulker, & Plomin (1992).
NOTE: The numberof nonadoptive and adoptive sibling pairs were 67 and 57, respectively.
* Significant model-fitting estimate of heritability.

ancy could be dueto thefact that the Rendeetal. analysis involved
observations of triads consisting of mother, older sibling, and
youngersibling at a single measurementoccasion, in contrast to
the mother-child dyads that were assessed by Dunn and Plomin
on two different measurementoccasions, wheneach child was the
Same age. However, this hypothesis is somewhatless likely because
the study by Lytton involved mother-twin-twin triads at the same
time of measurement. Anotherpossibility involves developmental
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specificity, in that infancy wasthe focus of the studies by Lytton

and by Dunn and Plomin, whereas the children in the study by

Rendeet al. were primarily in middle childhood. This hypothesis

receives some support from the finding by Dunn and Plomin of

genetic effects on control at 3 years but notat 1 or 2 years. Nonethe-

less, until more observational research of this typeis conducted,

the mostlikely explanationlies with relatively small samplesizes

and reducedstatistical power.

The study by Rendeetal. also included videotaped observations

of siblings’ behavior toward each other in structured and un-

structured settings. Observations of sibling interaction in struc-

tured settings suggested only a modestrole for genetic factors.

However, observations of sibling behavior in unstructured set-

tings suggested genetic effects for both positive and negative

dimensionsof sibling interaction. In general, sibling correlations

are very high, which suggests that observations of mothers and

siblings interacting at the same time in their home might be

overwhelmed bysituational factors that increase their resem-

blance and thus makeit difficult to detect genetic effects. As

indicated in Table 2.14, maternal interviews aboutsibling interac-

tions yielded results comparable to those from the observations,

showing significant heritability for both positive and negative

dimensions. Estimates of heritability were scarcely affected after

partialling out family constellation variables such as birth order

and age spacing.

NEAD: A NEW OBSERVATIONALSTUDY

The piéce de résistance is the aforementioned NEAD project,

which included six groups of adolescentsiblings. In addition toits

numerous questionnaire measures of family interactions, the study

included videotapes of family members engagedin 10-minutedis-

cussions aroundtopics of problems andconflicts. The behaviorof

each child and each parent wasrated independently on 14 dimen-

sions such as warmth,self-disclosure, involvement, assertiveness,

and control. Model-fitting analyses yielded an averageheritability

of .21 for children’s behavior toward mother, and .23 for children’s
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behavior toward father (O’Connor, Hetherington, Reiss, & Plomin,in
press). As expected for a child-based genetic design,the heritabilities
for parents’ behavior toward the siblings were much lower. Parents’
behavior toward the children yielded an average heritability of .09
for mothers and .08 for fathers.
The 14 dimensions were aggregated into two composites, posi-

tivity and negativity, as part of a measurement model incorporated
within the genetic model-fitting analysis. For parents’ behaviorto-
wardthe children, a control composite wasalso included. Table 2.15
presents the NEAD model-fitting results for these composites, which
are error-free latent variables. The heritabilities of children’s behav-
ior toward their parents are significant and substantial and remark-
ably similar for behavior toward mother and towardfather.

Parents’ behavior toward their children also showssignificant
genetic influence for positivity and negativity. It is interesting
that, at least for mothers, control yields a zero heritability. As
noted in relation to the results for the 14 dimensions, parents’
behavior toward their children showsless genetic influence than
children’s behavior toward their parents. As discussedearlier, low
heritability for parental behavior makes sensegiven thatthe genetic
design is child-based.If a similar study were conducted with adult
twinsinteracting with their children, we would expectgreaterheri-
tability for parental behavior and lowerheritabilities for the be-
haviorof the children.

Summary

Beginning with Rowe’s twooriginal studies more than a decade
ago, half a dozen twin and adoptionstudies converge onthe conclu-
sion that genetic factors play a role in children’s perceptions of
parenting. Evidencefor genetic contributions emerges for all dimen-
sions of children’s perceptions of parenting with the interesting
exception of control-related dimensions. Children’s perceptions of
their siblings’ behavior toward them also showsgenetic effects.
Genetic effects are not just limited to children’s perceptions of

their family environment. Parents’ perceptions of their parenting
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TABLE 2.15 NEAD Model-Fitting Components of Variance for Compos-

ites of Videotaped Observations Derived From a Measure-

ment Model

Respondent Target Measure en ee h?

NN

$$$a

Child Mother Positivity 35* .06 9"

Negativity 37" 15 .48*

Child Father Positivity .36* .00 .64"*

Negativity 20°" 23" 52"

Mother Child Positivity .19* .63* .18*

Negativity 29" 34" 38"

Control .58* 42* .00

Father Child Positivity .19* 63" .18*

Negativity 34" .42* 24"

Control 20" 1* .24*
a

SOURCE: Adapted from O’Connor, Hetherington, Reiss, & Plomin (in press).

NOTE: Model-fitting estimates of nonshared environment/error (e4), shared environment (e2),

and heritability (h?).

implicate genetic contributions even in child-based genetic de-

signs (i.e., twins are the children in the family). In child-based

genetic designs, genetic effects can be detected only to the extent

that parents’ perceptions of their parenting reflect genetically

influenced characteristics of their children. Again, heritability

seems stronger for dimensions of parenting other than control.

Three studies using parent-based genetic designs—for example,

when twins are parents rating their own parenting style—also

show genetic effects, even for control-related dimensions.

Finally, evidence of genetic effects emerges from four observa-

tional studiesof parenting and sibling behavior using child-based

genetic designs. The results from these observational studies sug-

gest that the genetic contribution to measures of the family

environmentis not limited to subjective processes involved in

questionnaires. Genetic effects appear to be not just in the eye

of the beholder but also in the behaviorof the individual.

These same data provide strong evidence for the importanceof
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factors contribute to environmental measures. Forthis reason, the
focus has been on the genetic story- Nonetheless, one implication
for environmental] research is clear: Unless family environmental
measures are studied using genetic designs, it cannot be safely
assumed that such measures andtheir associations with outcome
measures are truly environmental. This nature-nurture confound
is especially profoundforthe vast majority of studies that involve
genetically related family members. Implications of these findings
are discussed in Chapter5.
The following chapter continues to document the basic phe-

nomenonof genetic effects on environmental measures. It tracks
genetic effects beyond the family to other social environments
suchas friends, peers, teachers, and to other phenomenasuch as
life events.



 

The Natureof Nurture

The Environment Beyond the Family

I: the role of genetic factors in environmental

measures limited to measuresof the family en-

vironment? Within families, individuals are genetically related.It

is possible that this concatenation of genetic and environmental

relatedness, which will be discussed in later chapters as passive

genotype-environment correlation, leads to the finding of a ge-

netic contribution. Are genetic effects found for environmental

measures that go beyond interactions with relatives?

Although most research to date on the nature of nurture has

focused on the family environment, evidenceis beginning to mount

that genetic factors also contribute to extrafamilial environmental

measures.In this section, quantitative genetic research on peers,life

events, and other extrafamilial environmentsis briefly described.

Peers

The peerrelations literature emphasizes associations between

parenting and children’s peer relations (Hartup, 1983; Rubin &

82
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Sloman, 1984). The evidence from the previous chapter on the

contribution of genetic factors to parenting suggests that genetic

factors may in part be responsible for this association (Rowe,

1989). For example, children may be sociable both with their

parents andtheir peers. In this way, genetic factors that influence

sociability could contribute to associations between such familial

and extrafamilial variables. Moreover, a fundamental feature of

peers is that they are outside the family. Children do not choose

their parents and siblings, but they do to someextent choosetheir

peers and are chosen by them.This selection process opens up new

opportunities for a genetic contribution. The focus of this section

is characteristics of the peer group rather than popularity as in-

dexed, for example, by a peer-nomination measure of sociometric

status. Popularity seems moredirectly a measureof the child than

of the child’s environment. One twin study of sociometric ratings

of popularity found evidence of genetic influence; twin correla-

tions were .70 for identical twins and .52 for fraternal twins (Roff,

Sells, & Golden, 1972).

Thefirst indication that genetic factors contribute to character-

istics of children’s peer groups came from analyses of the SIDE.

Asdiscussed in the previous chapter, the SIDE askseach child to

rate directly the relative differential treatment comparingthe child

and the sibling. The relative ratings for each child are converted

to absolute differences that indicate the extentof differential treat-

ment independent of which sibling received more or less. The

previous chapterpresented results that showed genetic effects for

the SIDE parental and sibling scales in a twin study (Baker &

Daniels, 1990), in a sibling adoption study (Daniels & Plomin,

1985), and in the NEADtwin and stepfamily study (Pikeetal.,

1993). The SIDEalso includesthree scales that assess characteris-

tics of peer groups: College Orientation, Delinquency, and Popu-

larity. As indicated in Table 3.1, the twin study of adults shows

strong genetic effects for the SIDE peer scales, stronger than for

the SIDE parentalandsibling scales (Table 2.3). The average effect

size comparing the mean absolutedifferences for identical and

fraternal twins in Table 2.3 was .46 for parents and.35 for siblings,
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TABLE 3.1 MZ and DZ Within-Pair Differences for Retrospective Re-
ports of Adult Twins on the SIDE Peer ScalesSS

MZ DZ
SIDEScales diff (SD) diff (SD)eee
Peer College Orientation 31 (.38) * 65 (.42)
Peer Delinquency 37 (.45) * .64 (.51)
Peer Popularity 43 (.49) * 77 (.52)eee
SOURCE: Adapted from Baker & Daniels (1990).
NOTE: Sample includes 139-161 MZ pairs and 61-74 DZ pairs.
* Mean of MZdifferencesignificantly (p < .05) lower than meanof DZ.

TABLE 3.2 MZ and DZ Within-Pair Differences on the SIDE Peer Scales
in Adolescent Twinsmeee

Twin 1 Twin 2
MZ DZ MZ DZ

SIDE Scales diff (SD) diff (SD) diff (SD) diff (SD)eee

Peer College 18 (.28) *  .37 (.41) .24 (.35) *  .46 (.43)
Orientation

Peer Delinquency .21(.32) *  .46(.49) .24(.31) *  .50 (.44)
Peer Popularity .19(.28) * .40 (.37) .22 (.33) *  .38 (.37)eee
SOURCE: Adapted from Pike, Manke, Hetherington, Reiss, & Plomin (1993).
NOTE: Sample include 93 MZ pairs and 98 DZ pairs.
* Meanof MZdifference significantly (p < .05) lower than meanof DZ.

which indicates that identical and fraternal twins differ by less
than half a standard deviation. From Table 3.1, the average effect
size for the peerscalesis .70.
Strong evidence for genetic effects on the SIDE peerscales also

comes from the NEADtwinresults (Table 3.2). The averageeffect
size is .57. NEADalso includes non-twin full siblings in non-
divorced families. These full siblings show larger differences on
the SIDE peerscales than the DZ twins. This suggests, not surpris-
ingly, that twins, both MZ and DZ,experience moresimilar peer
groups than non-twin siblings. An interesting side issueis that,
for the full siblings in nondivorced families, the older children
within each sibling pair perceived greater differences in peer
characteristics than did the younger membersofthesiblingpairs.



The Environment Beyond the Family 85

TABLE 3.3 Nonadoptive and Adoptive Within-Pair Differences on the

SIDE Peer Scales for Adolescents and Young Adults
nr

Nonadoptive Adoptive

SIDEScales diff (SD) diff (SD)
ne

Peer College Orientation 72 (.36) * 84 (.38)

Peer Delinquency 80 (.48) * .96 (.50)

Peer Popularity .73 (.45) * .97 (.45)

ae

nr

SOURCE: Adapted from Daniels & Plomin (1985).

NOTE:Sample includes 115-149 pairs of nonadoptivesiblings and 106-166 pairs of adoptive

siblings.
* Mean of nonadoptive siblings significantly lower than meanof adoptive siblings.

TABLE 3.4 Within-Pair Differences for Stepfamily Full Siblings and Un-

related Siblings on the SIDE Peer Scales in Adolescents
nt

Older Child Younger Child

Full Sib Un. Sib Full Sib Un. Sib

SIDE Scales diff (SD) diff (SD) diff (SD) diff (SD)
ee

Peer College

Orientation .86 (.49) 72 (.48) 53 (.43) .60 (.49)

Peer Delinquency 84 (.50) .75 (.67) 57 (.42) 64 (.54)

Peer Popularity .64 (.46) .67 (.48) 53 (.45) 62 (.51)

 

SOURCE:Adapted from Pike, Manke, Hetherington, Reiss, & Plomin (1993).

NOTE:Sample includes 182 pairs of full siblings and 130 pairs of unrelated siblings,all in

stepfamilies.

The sibling adoption study of Daniels and Plomin also shows

substantial genetic effects, as indicated in Table 3.3. The only

exception to this picture of substantial genetic effects comes from

the stepfamily design of NEAD,as shownin Table 3.4. Differences

for unrelated siblings were not significantly greater than differ-

ences for full siblings for the three SIDE peer scales. As noted in

the previous chapter, the within-family processes in stepfamilies

may differ from those in nondivorced families. However, the

aberrant results of the stepfamily design may belimited to the

relative ratings of the SIDE. The NEADproject includeda tradi-

tional questionnaire in which mothers andfathers rated character-

istics of their children’s peers (Manke, McGuire,Reiss, Hetherington,
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TABLE 3.5 NEADSibling Correlations and Heritabilities for Parental
Ratingsof Siblings’ PeersSe

Scale MZ DZ FN FS HS US Heritabilityeee
Peer College Orientation

Mother 89 44 41 25 30 .03 .85*
Father .86 .66 43 31 40 13 .73*

Peer Delinquency

Mother 87 58 57 50 90 17 .70*
Father .78 61 6 4 47 42 49*

Peer Substance Abuse

Mother 95 .46 52 39 58 22 .72*
Father 92 .86 51 53 45 .09 .74*

Peer Popularity

Mother 77 41 40 14 30 .00 .73*
Father .80 50 15 .27 52 15 .62*

 

SOURCE:Adapted from Manke, McGuire, Reiss, Hetherington, & Plomin (1993).
NOTE: MZ = identical twins in nondivorced families, DZ = fraternal twins in nondivorced
families, FN = full siblings in nondivorced families, FS = full siblings in stepfamilies, HS = half
siblings in stepfamilies, and US = unrelated children in stepfamilies. Sample sizes are 93 MZ
pairs, 98 DZ pairs, 95 FN pairs, 182 FS pairs, 109 HS pairs, and 130 USpairs.
* p< .05

& Plomin, 1993). As shownin Table 3.5, for both mothers’ and
fathers’ ratings, these peer measuresyield heritabilities twice as
great as heritabilities for NEAD measures of the family environ-
ment reported in Table2.7.

In summary, ratings of characteristics of adolescents’ peer groups
yield surprisingly strong evidence for genetic involvement. Spec-
ulation as to why peer measures showsuchhighheritabilityis left
for Chapter5.

Friends and Teachers

Social environments outside the family include friends and
teachers as well as peers. In NEADchildren rated positive and
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TABLE3.6 NEADSibling Correlations and Heritabilities for Child Rat-

ings of Friends and Teachers
a

Scale MZ DZ FN FS HS US Heritability

ON

Friend

Positive 31 21 14 14 -.07 04 1*

Negative  .04 .06 19 16 .07 .08 .06

Teacher

Positive 45 .20 17 02 18 14 .38*

Negative .17 .06 10 23 .07 05 21

I

SOURCE:Adapted from Manke, McGuire,Reiss, Hetherington, & Plomin (1993).

NOTE: MZ = identical twins in nondivorced families, DZ = fraternal twins in nondivorced

families, FN = full siblings in nondivorced families, FS = full siblings in stepfamilies, HS = half

siblings in stepfamilies, and US = unrelated children in stepfamilies. Sample sizes are 93 MZ

pairs, 98 DZ pairs, 95 FN pairs, 182 FS pairs, 109 HS pairs, and 130 USpairs.

*p< .05

negative aspectsof their interactions with a best friend and with

a teacher (Mankeetal., 1993). The results, summarized in Table

3.6, indicate significant genetic effects for both friend and teacher

for the positive dimension but not for the negative dimension,

which showslittle sibling resemblance for any group.Positive and

negative aspects of interactions with parents and siblings do not

appearto show this pattern of effects in the studies reviewed in

the previous chapter. Moreover, the same measure in the NEAD

was completed by children concerning their sibling and heritabil-

ity was similar (about .20) for both the positive and negative

dimensions. Together, these findings suggest that positive dimen-

sions may show greater heritability than negative dimensions for

extrafamilial relationships but not familial relationships.If this

hypothesis survives replication, Loehlin (personal communica-

tion, January 31, 1993) has suggested a possible explanation. Pos-

itive judgmentsof people outside the family mayreflect continued

samples of interactions with them, which mightbethe result of

our own enduring characteristics. In contrast, our negative judg-

ments may be based on someisolated, perhaps almost random,

behavior that we happen to have observed.
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Social Support

Social support is increasingly used as a measure of the social
environmentoutside the family. In gerontology, for example, so-
cial support has becomea defining characteristic of “successful
aging” (Rowe & Kahn, 1987). It refers to the intensiveness and
extensivenessof the networkofsocial relationships that surround
a personas well as the perceived adequacyof the network (Berkman,
1983). A genetic analysis of social support has been reported from
SATSA, a study of middle-aged adults described in the previous
chapter (Bergeman, Plomin, Pedersen, McClearn, & Nesselroade,
1990). Nine items from a modified version of the Interview Sched-
ule for Social Interaction (Henderson, Duncan-Jones, Byrne, &
Scott, 1980) were employed and yielded twoscales: quality (per-
ceived adequacy) and quantity or frequencyof interactions with
relatives and friends. Twin correlations, shown in Table 3.7, indi-
cate significant heritability for the quality scale, but not for the
quantity scale. It seems oddthat perceptionsof the sheer quantity
of social support relationships show noheritability in this study.
One might expect, for example, that quantity of relationshipsis
related to sociability, which is one of the most highly heritable
personality traits. A follow-up study using a revised measure of
social support is underwayin SATSA.
A study of female twins from 17 to 53 years of age also found

evidence for a genetic contribution to social support (Kessler,
Kendler, Heath, Neale, & Eaves, 1992). As shown in Table 3.8,

significant genetic influence emerged for quality of support from
relatives and friends and a single item that asked whether the
subject has a close and confiding relationship. As in the SATSA
report, single-item measures of the quantity of interactions with
relatives and friends showednoheritability, although itemsas-
sessing frequency of church attendance and club attendance were
significantly heritable.

In summary, these first two studies of social support suggest
that genetic factors make a contribution to individual differences
in perceptions of support. An important implication of this find-
ing is that the well-documentedassociation betweensocial sup-
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TABLE 3.7. Twin Correlations and Heritabilities for Adult Twins’ Ratings

of Social Support
a

>a

Model-Fitting

Measure MZA MZT DZA DZT Heritability

I

Quality 19 34 21 05 .30*

(perceived adequacy)

Quantity 32 36 22 40 .00

ee

SOURCE:Adapted from Bergeman, Plomin, Pedersen, McClearn, & Nesselroade (1990).

NOTE: Sample sizes are 57-59 for MZA,76-80 for MZT, 101-110 for DZA, and 110-117 for DZT.

*p< .05

TABLE 3.8 Twin Correlations and Heritabilities for Adult Female Twins’

Ratings of Social Support
I

Model-Fitting

Measure MZT DZT Heritability

I

Perceived spouse support 22 29 .00

Perceived relative support 47 30 .28*

Perceived friend support 30 11 32*

Confidant 00 12 .50*

Frequencyof interaction withrelatives 42 39 .00

Frequencyofinteraction with friends 23 32 .00

Frequency of church attendance .80 62 36*

Frequency of club attendance 2 a) 52*

On

SOURCE:Adapted from Kessler, Kendler, Heath, Neale, & Eaves (1992).

NOTE:Sample sizes are 458 MZ pairs and 353 DZ pairs.
* p< .05

port and reducedrisk of psychopathology (Cohen & Wills, 1985)

might be mediated genetically. This topic will be taken up again

in Chapter 4, whichconsiders genetic mediation between environ-

mental measures and behavioral measures.

Life Events

Life events is a category of extrafamilial environmental mea-

sures used in more than

a

thousandstudies (Holmes, 1979). SATSA

included a measureof life events based on the Social Readjustment
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Rating Scale (Holmes & Rahe, 1967) modified for older individuals
(Persson, 1980). Typical life events items ask about marital and
workdifficulties, financial problems,illnesses and injuries, and
other crises such as being robbedorassaulted. In SATSA,a total
life events score wasconstructed by summing each reported event
weighted by the average importance assigned to the event by all
individuals who completed the questionnaire.

Table 3.9 lists SATSA twin correlations for this measure. These
results differ somewhat from earlier published results (Plomin,
Lichtenstein, Pedersen, McClearn, & Nesselroade, 1990) because
zygosities of a few SATSAtwins have been changedasa result of
new zygosity diagnoses based on genetic markers from blood. As
shownin the first row of Table 3.9, the pattern of correlations for
the four groupsof twins implicates a genetic contribution to total
life events. The model-fitting estimateof heritability is 31%. How-
ever, an odd aspectof the results is the high MZAcorrelation,
whichis higher than the MZTcorrelation.
Finding genetic effects on life events implies that such events

do not just happen capriciously to individuals. Life events happen
(or are perceived to happen) to some people morethan others. To
some extent, this “bad luck” is related to genetically influenced
characteristics of individuals.If this reasoningis correct, it should
follow that those events in which the individualis involved and has
some control show greaterheritability than events thatare outof the
handsof the individual. Examplesof events that involve the person
include serious conflicts with child, major deterioration in financial
Status, divorce, and paying a fine for a minorviolation of the law.
Events in which the respondentis less involved include events that
happen to others suchasseriousillness in child, forced change in
residence, mentalillness of spouse, and deathofsiblingsor friends.

SATSAresults, shownin the second and third rowsin Table 3.9,
confirm this expectation. Events that were judged to involve the
respondent to a greater degree show greater heritability than
events that happen to others. Heritability estimates are 30%for
events to self and 18% for events to others.

It might seem odd that events that occur to others such as
seriousillness of one’s child show any genetic contributionatall.

h
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TABLE 3.9 Twin Correlations and Heritabilities for Older Adult Twins’

Ratings of Life Events
I

Model-Fitting

Life Events Scale MZA MZT DZA DZT Heritability

A

Total score 43 24 .07 19 31*

Eventsto self 27 27 21 10 .30*

Events to others 22 11 .06 15 .18*

To

SOURCE: Unpublished data.

NOTE:* p < .05
Sample sizes are 45-49 for MZA, 90-98 for MZT, 107-125 for DZA, and 112-127 for DZT.

However,it is possible that events such as familial illness entail

some genetic effects. Another possibility lies in the use of percep-

tions oflife events. Genetic factors involved in perceptionsthatfilter

through a person’s memories, feelings, and personality might dis-

pose some dourindividuals to consider their child’s illness as a

“serious illness” in contrast to other people who wouldnotlabel

the sameillness as serious.

The life events literature has also madea distinction between

positive and negative events. A keystone of the original Holmes

and Rahelife events instrument was the assumptionthatstressis

incurred by positive events such as marriageas well as by negative

events such as divorce. Subsequent research has indicated that

negative events are more predictive of problems than positive

events (Thoits, 1983). Nonetheless, genetic analysis yields similar

results for positive and negative events. Model-fitting heritabilities

were .31 for positive events and .36 for negative events (Plomin,

Lichtenstein,et al., 1990).

In SATSA,analyses of longitudinal follow-up testing 3 and 6

yearsafter the original wave oftesting are in progress. Preliminary

analyses indicate that these data confirm the basic findings re-

ported in Table 3.9 as dotheresults of three other twin studies. One

of the two replication studies involved reared-apart adult twins

(Moster, 1990, cited in McGue, Bouchard, Lykken, & Finkel, 1991).

Evenstrongerresults were found than in SATSA.Personalevents

were substantially more heritable (h2 = .51) than events to others

(h? = .18). The secondreplication wasa largeclassical twin study
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comparing MZTand DZTfrom 17 to 55 years old using a measure
of life events during the past year (Kendler, Neale, Kessler, Heath,
& Eaves, in press). As shownin the first row of Table 3.10, the

The results also confirm the SATSAfinding that personal events
showgreaterheritability than events to others. As shownin Table
3.10, the categories of events to self showedsignificant heritability
but the categories of events to others did not. For example, the
greatest heritability was found for the respondent’s own financial
problems, whereasdeath,illness/injury, and crises of others showed
nonsignificant heritability. It is noteworthy that the results were
generally similar for males and females, although maritaldifficul-
ties appeared to showgenetic effects for males but not females.
Also, similarity of childhood environmentdid not systematically
relate to twin resemblance for life events. Frequency of contactas
adults significantly predicted twin similarity, but controlling for
frequency of contact did not alter the genetic findings. A third
small twin study also showsgenetic influence (Wierzbicki, 1989).

Althoughtheresults in Table 3.10 show only modest heritability
for “maritaldifficulties,” a recent twin study of divorce involving
1,516 pairs of twins suggested substantial heritability (McGue &
Lykken, 1992). When one twin has been divorced,the risk of divorce
for the co-twin is .45 for MZ twins and .30 for DZ twins. Tetrachoric
correlations that assume an underlying continuum ofliability were
59 for MZ twins and .16 for DZ twins, yielding an estimate of.53 for
heritability of divorce liability in a model-fitting analysis. A prelim-
inary report of another twin studyof divorce suggestsless heritabil-
ity, although the sample employed showed unusually low rates of
divorce (Turkheimer, Lovett, Robinette, & Gottesman, 1992).
One twin study of 68 MZ and 109 DZ pairs did notreplicate

these findingsfor life events, but this study wasdifferent from the
others in two respects (McGuffin & Katz, 1993). A checklist of 12
commoncategories of events during the preceding 6 months was
employed. A seconddifference is that the sample wasselected for
diagnoses of depression. Perhaps for this reason, the reported
frequencyof life events was very high, about 70%, for both the
depressed probandsandtheir co-twins. No apparent concordance



The Environment Beyond the Family 93

TABLE 3.10 Twin Correlations and Heritabilities for Adult Twins’ Ratings

of Life Events
I

Model-Fitting

Life Events Scale MZT DZT Heritability

I

Total score 43 31 .26*

Eventsto self:

financial problems 44 12 39"

robbed/assaulted 31 19 33"

illness /injury .28 .00 .21*

interpersonaldifficulties 39 30 .18*

marital difficulties 13 .09 .14*

workdifficulties 33 27 —

Events to others:

illness /injury 35 30 —

crises 39 33 —

death A7 44 —

I

SOURCE:Adapted from Kendler, Neale, Kessler, Heath, & Eaves(in press).

NOTE: Samplesizes are 890 MZT and 1425 DZT. The missingheritabilities were not calculated

because model-fitting indicated that these heritabilities were not significant.

*p< .05

emerged for either MZ or DZ twinsfor a dichotomous measure of

whether any life events were reported, which seems odd given

that the frequency of life events was high for both probands and

co-twins. When the number of events was used as a dimension

rather than a dichotomy, familial resemblance was observed but

correlations were similar for MZ twins(r = .37) and DZ twins (r=

33). The results were not analyzed separately for events to self and

events to others. Similar results were observed when subjective

distress in response to these events was analyzed.

Although there is not agreement concerning the best way to

assess life events, there is widespread dissatisfaction with tradi-

tional questionnaire measures(e.g., Paykel, 1983). Finding genetic

effects on questionnaire measuresoflife events justifies the need

for research using more expensive instruments such as inter-

views. One family study of neurotic depression (McGuffin, Katz,

& Bebbington, 1988) included an interview measure oflife events,

the Life Events and Difficulties Schedule (Brown & Harris, 1978).



94 GENETICS AND EXPERIENCE

Familial resemblance was found for life events, althoughit re-
mains to be seen whether familial resemblance for this widely
used interview measureis due to genetic factors.
Another interesting direction for research in this area is to

investigate daily hassles, which appear to be more strongly asso-
ciated with adjustment than do major life events (Holahan &
Holahan, 1987). Although no studies of this type have beenre-
ported, a measure wasconstructedas part of the Colorado Adop-
tion Project to assess the stressfulnessoffirst grade (Rende &
Plomin, 1991). Using a sibling adoption design that compares
nonadoptive and adoptive siblings, no evidence was found for a
genetic contribution to total number of events or a composite
rating of upsettingnessfor either 7-year-olds’ self-ratings or their
parents’ ratings (Rende, in press). For the child ratings, correla-
tions were about .05 for both adoptive and nonadoptivesiblings.
This suggests that siblings in the same family experience entry
into formal schooling quite differently. For parent reports, corre-
lations were about.25 for both types of siblings. This might indi-
cate someshared environmentalinfluence, althoughit is more likely
to be dueto thefact thata singlerater, the parent, rated both children.
Althoughit is noteworthy that no evidencefor heritability emerged
from this first study of stress related to the first year of school,
interpretation of these findings should awaitreplication.

Finally, accidents represent an importantcategory of life events
for children. Accidents may not beentirely accidental (Matheny,
1988). A twin analysis of injuries duringthe first 3 years oflife
yielded MZ and DZliability correlations of .51 and .13, respec-
tively, for a sample of 314 twin pairs (Phillips & Matheny, 1993).
The low fraternal twin correlation suggests that these genetic
effects operate nonadditively. A model-fitting estimate of herita-
bility of accidentliability was .51.
As in the case of social support, these first analyses oflife events

show genetic effects and raise the question whether genetic factors
might mediate associations between such environmental mea-
sures and outcomes. This question is addressed in Chapter4.
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Others Aspects of Extrafamilial Environments

The extrafamilial environmentis vast and extends far beyond

peers, friends, social support, and life events. Glimpses of future

directions for genetic research in this area can be seen in isolated

studies of classroom environment, work environment, television

viewing, drug exposure, socioeconomic status, and education.

CLASSROOM ENVIRONMENT

The Classroom EnvironmentScale (CES; Trickett & Moos, 1974)

was analyzed ina twin study of 89 MZ pairs, 49 same-sex DZ pairs,

and 65 same-sex non-twinsibling pairs from 16 to 45 years of age

(Jang, 1993). The CES is a 90-item true-false questionnaire that

assesses perceptionsof the classroom.In this study, the twins were

instructed to respond retrospectively “to whichever teacher or

class they couldbestrecall” (p. 99). The CES yields nine scales and

three second-order dimensions similar to the FES. For example,

the Affiliation scale includes the item, “Students in this class get

to know eachotherreally well.”

The results for the CES are summarized in Table 3.11. Because

the twins probably rated different classes and perhaps different

schools, it is surprising that any twin resemblance was found.

Fourof the scales suggested a genetic contribution: Task Orienta-

tion, Rule Clarity, Teacher Control, and Innovation.It is interest-

ing that the other scales, which included “warmth”scales such as

Affiliation and Teacher Support, showedeffects of shared environ-

ment rather than genetics.

This study also included the FES (see Chapter 2) and a measure

called the Environmental Response Inventory (ERI; McKenchie,

1974). The ERI attempts to assess personality andattitudinal contri-

butions to “environmental dispositions.” Items include interests (“I

like amusement parks”) and attitudes (“Machines increase man’s

freedom”). The 184 items are scored on eight scales: pastoralism,

urbanism, environmental adaption, stimulus seeking, environmental
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TABLE3.11 Twin Correlationsfor Young Adult Twins’ Retrospective Rat-
ings of Classroom Environmenteee

Classroom Environment Non-Twin Model-Fitting
Measure M2ZT DZT Siblings

_

Heritabilityee
Relationship Dimension

Involvement 18 37 12 -00
Affiliation .28 29 .26 .00
Teacher Support .18 21 14 .00

Personal Growth

Task Orientation .26 07 23 32
Competition 22 24 ~.05 .00

System Maintenance

Orderand Organization 37 35 12 .00
Rule Clarity 23 05 15 .20
Teacher Control 31 02 11 29
Innovation .28 14 12 .28ree

SOURCE:Adapted from Jang (1993).
NOTE:Samplesizes are 89 MZT, 49 same-sex DZT, and 65 same-sex non-twin sibling pairs.

trust, antiquarianism, need for privacy, and mechanicalorienta-
tion. These seem like dimensionsof personality and the results are
muchlike those for personality questionnaires. The average cor-
relations are .44 for MZ twins and .17 for DZ twins; the average
correlation for non-twin siblings is somewhathigher(.28) than for
DZ twins. Model-fitting heritability estimates ranged from .43 to
61 with the exception of three scales that showed negligible
heritability and substantial shared environmentalinfluence: Envi-
ronmental adaption, environmentaltrust, and need for privacy.

WORK ENVIRONMENT

For working adults, almost half of their waking hoursare spent
at the workplace. The sheer quantity of time spentin this environ-
ment, as wellas its potential impact, warrants greater consider-
ation as a force in adult development. A report from SATSAfor
twins whohad been employed (Hershberger, Lichtenstein, Knox,
& McClearn, in press) assessed perceptions of organizationalcli-
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mate using the Work Environment Scale (WES), which includes

scales such as involvement, peer cohesion, autonomy, work pres-

sure, and control (Moos, 1981). In addition, an annoyancescale

was created from 18 items concerning the annoyance caused by

such physical stressors as noise, odors, and uncleanliness.

An unrotatedfirst principal componentyielded a general factor

of perceived organizational climate. The twin/adoption results

from SATSAarepresentedfor this measure in the first row of Table

3.12. The MZAcorrelation is significant and the pattern of other

correlations also suggests genetic effects. The heritability estimate

(.30) is significant. Four of the nine WES primary scales also indicate

significant heritability: supervisor support, autonomy, work pres-

sure, andclarity. In addition, the annoyancescale showedsignificant

heritability, in contrast to the finding of no heritability for a scale of

workdifficulties described in the previous section (Kendleretal., in

press). Althoughit has been suggested that education is an important

aspect of an individual’s workattitudes (Copranzano & James, 1990),

covarying education scarcely changed the genetic results.

A possible mechanism for genetic effects on work environments

is selection. Contributing to this selection might be vocational

interests, intelligence, and personality. The ambitious study of

Kohn and Schooler (1983) focuses on the role of personality. For

example,self-directed individuals moveinto complex jobs and the

complexity of their work enhancestheir self-directedness.

CHILDREN’S TELEVISION VIEWING

Children’s television viewing has been used as an environmen-

tal measure in thousandsof studies that investigated the conse-

quences of television viewing (Pearl, Bouthilet, & Lazar, 1982).

Despite a huge researcheffort to investigate its consequences, little

is known about the causes of individual differences in children’s

television viewing (Bryant, 1990). It is not merely a matter of

parentalrestrictions, because 70% of parents putnorestrictions on

the amountof time their children watch television (Lyle & Hoffman,

1972). This makes it more plausible to consider characteristics of

children, including genetically influenced characteristics, among
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TABLE3.12 Twin Correlations and Heritabilities for Older Adult Twins’
Ratings of Work Environmenteee

Work Environment Model-Fitting
Measure MZA MZT DZA DZT Heritability

General Factor 35 46 .02 24 .30*
Involvement -.02 .22 .09 36 .0O
Peer Cohesion .27 .23 19 13 13
Supervisor Support 24 35 02 .18 .20*
Autonomy .28 33 .06 02 .26*
Task Orientation 12 30 —.06 25 02
WorkPressure .20 .27 .27 -—.02 .25*
Clarity .27 34 -.01 15 .23*
Control 05 19 14 14 02
Innovation .00 .21 —.07 ~.14 .03
Annoyance 41 36 -.01 24 .27*eee
SOURCE:Adapted from Hershberger, Lichtenstein, Knox, & McClearn (in press).
NOTE: Sample sizes are 43-50 for MZA,79-95 for MZT, 79-99 for DZA, and 88-95 for DZT,
except for the annoyancescale for which the numberof twin pairs was 25, 61, 61, and 52,
respectively.
*p<.05.

the provenances of this measure. Individual differences in the
amountoftelevision viewing in children were investigated at 3,
4, and 5 years of age as part of the Colorado Adoption Project
(Plomin, Corley, DeFries, & Fulker, 1990). Results from a sibling
adoption analysis are summarized in Table 3.13. They show sub-
stantial heritability on individual differencesin television viewing
at 3 and 4 years.

Parent-offspring comparisons also supported the hypothesis of
heritability, despite the different processeslikely to be involved in
television viewing of adult parents and their young children. Most
impressiveare the significant correlations between biological moth-
ers and their adopted-awayoffspring at 4 and 5 years, as shownin
Table 3.14. Genetic effects are also suggested by the greater parent-
offspring correlations in nonadoptive families as compared to adop-
tive families, especially for mothers. Model-fitting heritability
estimatesare listed in Table 3.14, but it should be noted that these
estimates assume isomorphism between the child measure and
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TABLE 3.13 Correlations for Nonadoptive and Adoptive Siblings for

Amountof Television Viewing at 3, 4, and 5 Years of Age

ree
r

EE

 

Sibling Correlations Model-Fitting

Age Nonadoptive Adoptive Heritability

I

3 45 18 54*

4 57 .26 .62*

5 43 34 19

I
SOURCE:Plomin,R., Corley, R., DeFries, J. C., & Fulker, D. W. (1990). Individual differences

in television viewing in early childhood: Nature as well as nurture. Psychological Science, 1,

371-377. Reprinted with permission of Cambridge University Press.

NOTE:The numbersof nonadoptive and adoptivesibling pairs were 70-95 and 70-82, respectively.

*p < .05.

adult measure. They underestimate the genetic contribution to

children’s television viewing to the extent that genetic effects differ in

childhood and adulthood, which is probably why these parent-

offspringheritability estimates are lower than the estimates from the

sibling adoption design (Table 3.13). Similar results for the sibling

adoption design and the parent-offspring adoption design have been

reportedin a follow-upanalysis at 7 years of age (Corley &Coon,1991).

EXPOSURE TO DRUGS

Exposure to an environment does not imply that the environ-

mentwill have an effect. Exposure to drugs(in contrast to actual

drug use) is a good example. A study of 1,626 pairs of twins from

the Vietnam Era Twin Registry found significant heritability for

exposure to drugs,thatis, reported opportunity to use marijuana,

stimulants, sedatives, cocaine, opiates, and psychedelics (Isuang

et al., 1992). Heritability was stronger and more consistent for

exposure to drugs thanfor actual use of the drugs.

SOCIOECONOMIC STATUS AND EDUCATION

Parental education and socioeconomic status (SES) are among

the most widely used indices of the home environmentin studies
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TABLE3.14 Correlations Between Biological, Adoptive, and Nonadop-
tive Parents and Their Children for Amountof Television
Viewing at 3, 4, and 5 Years of Ageeee

Biological Adoptive Nonadoptive Model-Fitting
Age Mothers Fathers Mothers Fathers Mothers Fathers Heritabilityeee

  

3 -.01 18 07 .09 .30* .23* .07
4 .15* 25° .12* .21* 31* .19* .13*
5 .15* 12 .16* 11 32* .11* .12*ee
SOURCE:Plomin,R., Corley, R., DeFries, J. C., & Fulker, D. W. (1990). Individual differencesin television viewing in early childhood: Nature as well as nurture. Psychological Science, 1,371-377. Reprinted with permission of Cambridge University Press.
NOTE: Ns for the six columns of data, respectively, are 216-221, 43-46, 217-223, 212-218,221-228, and 224-231.
p< .05.

greater than .50 with IQ (Jensen, 1980), and IQ is among the most
highly heritable behavioraltraits (Plomin & Neiderhiser, 1992b).
Both SES and education show genetic effects. For example, a

study of 1,900 pairs of 50-year-old male twins yielded MZ and DZ
twin correlationsof .42 and .21, respectively, for occupationalstatus,
and .54 and .30 for income (Fulker & Eysenck, 1979; Taubman, 1976).
An adoption study of occupationalstatus yielded a correlation of .20
betweenbiological fathers and their adult adopted-awaysons(2,467
pairs; Teasdale, 1979). A study of 99 pairs of adopted-apartsib-
lings yielded a correlation of .22 for occupationalstatus (Teasdale
& Owen, 1981). These studies, as well as more recent research from
Norway (Tambs, Sundet, Magnus, & Berg, 1989) and Sweden
(Lichtenstein & Pedersen, 1991; Lichtenstein, Pedersen, & McClearn,
1992) are consistent with a heritability of about .40 for occupa-
tional status. Years of schooling also showssubstantial heritability
in these studies. For example, MZ and DZ twin correlations are
typically about .75 and .50, respectively, suggesting that heritabil-
ity is about 50%(e.g., Taubman, 1976).
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Summary

In the previous chapter, genetic contributions were found for

various aspects of the family environment, the focal point of

environmental research in developmental psychology. This evi-

dence included both child-based and parent-based twin and adop-

tion studies of child and adult perceptions of family environment

as well as observational studies. Recent research on extrafamilial

environments, reviewed in this chapter, also implicates genetic

factors. This research finds that genetic factors play a role in

measures of peers, friends, teachers, social support, life events,

accidents, classroom environment, work environment, television

viewing, exposure to drugs, education, and SES.

There were two reasons for presenting this two-chapter litany

of studies. The first was to describe the phenomenonthat needsto

be explained: Genetic effects emerge consistently from genetic

research on a wide range of measuresthat havetraditionally been

regarded as measuresof the environment. The second reason was

to pick up hints about the processes by which genetic factors come

to be involved in measures of the environment. Why do some

environmental measures show less heritability than others? For

example, in child-based genetic designs, why do measures of

parental control show less heritability than other measures of

parenting? Whyare genetic effects so strong for measures of peer

characteristics? In addition, some of these studies have begun to

explore the question of how genetic factors become involved in

environmental measures by investigating correlates of environ-

mental measures, whichis the topic of the following chapter.

This two-chapter review updates a 1991 “target” article in Be-

havioral and Brain Sciences thatfirst pulled together research on this

topic. The target article concluded:

In summary, it is remarkable that research reported to date, using

diverse measures and methods, so consistently converges on the

conclusion that genetic influence is significant and substantial on

widely used measures of the environment. (Plomin & Bergeman,

1991a, p. 386)
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The target article was published with 30 commentaries and a
response to the commentaries (Plomin & Bergeman, 1991b). Of
the 30 commentaries, only 5 (Baumrind, Bookstein, Hirsch,
Schonemann, Thelen) explicitly disagreed with the conclusion
that genetic factors contribute to measures of the environment.
However, rather than providing a plausible alternative explana-
tion for these findings, these commentaries choseto discount them
altogether. Their theme and the themeof morerecent papers(e.g.,
Baumrind, 1993; Hoffman, 1991) was to deny that weare able to
detect genetic effects on anything,let alone measuresofthe environ-
ment. The rocky relationship between such environmentalism and
quantitative genetic research is discussed in several recent papers
(Goldsmith, 1993; Rowe & Waldman,1993; Rutteret al., 1993). The
issues will not be reiterated here because mostscientists acceptthe
basic tenets of quantitative genetics. The focus of this book is on
the use of this approach in the novel context of measures of the
environmentrather than measures of behavior.

Six other commentaries (Bradley and Caldwell, Duyme and
Capron, Graham,Hay, Socha, Wachs) did not explicitly accept or

itly accepted the conclusion despite reservations about interpre-
tations and implications of these findings.
Considering the novelty of the conclusion, it was most surpris-

ing that 19 of the 30 commentaries explicitly accepted the conclu-
sion that genetic factors contribute to measures of the environment.
These included commentaries by behavioral geneticists Boomsma
and Molenaar; Crusio; GoodmanandStevenson; Hewitt; Johnson;
Kendler; McGue and colleagues Bouchard and Lykken; Rowe; Scarr;
Schulsinger; Turkheimer and Gottesman; Waldman and Weinberg;
and Willerman. Most notably, the commentariesthat agree with the
conclusion include behavioral scientists who are most well known
for their environmental research: Bronfenbrenner, Caspi, Lytton,
Rutter, Simonton, and Tellegen.

The present review indicates that new research continues to
support the conclusion that genetic factors contribute to diverse
measures of the environment. These research findings raise sev-
eral questionsfor future research. Four obvious questions involve
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generalization to other populations, use of other measures, gender

differences, and development. The major question about general-

‘zation is whether results similar to those that emerge from re-

search based on middle-class U.S. and European samples will be

found in other cultures or at the extremes of children’s environ-

ments such as abusive families. Concerning measures, although a

diverse set of environmental measures has been investigated in

the research to date, available measures are not necessarily the

best measures. Other measures mightyield different results. Next

environment.

However, a key programmatic direction for research, as pointed

out in several commentaries to the 1991 BBS target article, is to

investigate the processes by which genetic factors contribute to

environmental measures. The next chapter broachesthis topic by

considering factors that mediate the genetic contribution to envi-

ronmental measures.



 
Contribution to Measures
of the Environment
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factors contribute to measures of social support was reviewed. If

there is a genetic contribution to social support as well as to

psychopathology, this raises the possibility that associations be-

tween social support and psychopathology might be mediated by

genetic factors.

Research on genetic mediation between environmental and be-

havioral measures can be considered in the framework of the

quantitative genetic concept of genotype-environment(GE) corre-

lation, discussed in the following section. The next chapter builds

on this discussion of GE correlation to construct a theory of the

genetics of experience.

Genotype-EnvironmentCorrelation

GE correlationliterally refers to a correlation between the ge-

netic and environmentalinfluencesthat affect a particulartrait.It

describes the extent to which individuals, as a function of their

genetic propensities, are exposed to environments that in turn

affect variousaspects of their development. Genetic and environ-

mental effects are the latent or anonymous componentsof vari-

ance in the fundamental equation of quantitative genetics, VP =

Vc + Ve. It can be shownthat GEcorrelation adds the quantity 2

Cov(GE) to the phenotypic variance (e.g., Plomin, DeFries, &

Loehlin, 1977). In other words,if G and E are positively correlated,

phenotypic variance is increased.

It maystill be necessary to note that GE correlation is different

from the misleading notion that genetic and environmental effects

cannotbe studied separately because they “interact.” This is usu-

ally couched in the innocuous phrase “behavior requires both

genes and environment.” Of course, DNA in a vacuum will not

produce behavior nor will an environment without DNA.In this

obvioussense,it is true that behavior cannot occur unless there is

an organism to behave and an environmentin which to behave.

But this is not relevant to quantitative genetic analysis, which inves-

tigates individual differences in a population. Genetic differences

amongindividuals can be important regardless of environmental
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effects. Environmental differences can be important regardless of
genetic effects. Genetic and environmental influences can also
interact in the statistical sense of a conditional relationship. That
is, the effects of the environment might depend on the particular
genotype. Genotype-environmentinteraction also addsto the phe-
notypic variance, and methodsare available to identify specific
genotype-environmentinteractions (Plomin et al., 1977). Examples
of genotype-environmentinteractions can be found in biology and
medicine (Rutter & Pickles, 1991). However,statistical detection
of sucheffects is difficult Statistically (Wahlsten, 1990) and empir-
ical attempts to find such interactions in the realm of behavior
haveso far yielded little success (Plomin & Hershberger, 1991).
Although genotype-environment interaction is an important

and interesting topic, the point of the presentsection is that genetic
and environmental factors can also correlate. The reason for focusing
on GEcorrelation is that it can address the question of mediators of
the genetic contribution to measures of the environment.

THREE TYPES OF GE CORRELATION

Three types of GE correlation have been described (Plomin et
al., 1977), and theselead to research strategies for finding media-
tors of the genetic contribution to environmental measures. Pas-
sive GE correlation occurs becausechildren share heredity as well
as environmentalinfluences with membersof their family. They
can thus passively inherit environments correlated with their
genetic propensities. For example, if musical ability is heritable
(and this is not known), musically gifted children are likely to
have musically gifted parents who provide them with both genes
and an environment conducive to the development of musical
ability. Reactive, or evocative, GE correlation refers to experiences
of the child that derive from reactions of other people to the child’s
genetic propensities. For example, musically talented children
might be picked out at school and given special opportunities.
Active GE correlation occurs when individuals select or create
environments that are correlated with their genetic propensities.
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For example, even if no one does anything about a child’s musical

talent, the child might gravitate toward musical environments. Selec-

tion andcreation of environments have been dubbed niche picking

and niche building, respectively (Scarr & McCartney, 1983).

In summary, passive GE correlation requires interactions be-

tween genetically related individuals. Reactive GE correlation can

be induced by anyone whoreactsto children on the basis of their

inherent proclivities. Active GE correlation can involve anybody

or anything in the environment (see Table 4.1). It should be men-

tioned that GE correlation can be negative, even though examples

of positive correlations, such as those mentioned above, come

more readily to mind. For example, slow learners may be given

special attention to boost their performance.Cattell (1973, 1982)

suggested that negative GE correlation may be commonfor per-

sonality. For instance, using dominance as an example, Cattell

quippedthat “society likes to ‘cut down’individuals naturally too

dominantandto help the humble inherit the earth” (Cattell, 1973,

p. 145). Cattell refers to such examples of negative reactive GE

correlation as “coercionto the biosocial norm.”A theoryof control

systems (Bell, 1979)is similar to Cattell’s concept of coercion to

the biosocial norm. Parents are hypothesized to have upper and

lowerlimits for intensity and appropriateness of children’s behav-

ior. When children’s behavior exceedsthelimit, parents begin to

damp down; whenchildren fall below

a

limit, parents attempt to

stimulate.

Passive and active GE correlations can also be negative. Emo-

tionally labile parents who are easily angered may have children

with a proclivity to be quick-tempered, and yet the parents are

likely to assail expressions of anger in their children, creating a

negative passive GE correlation. Negative active GE correlation

soundsalmost pathological because we would not expect individ-

uals to seek environments that rub against the grain of their

dispositions. However,it seems reasonable to suppose, for exam-

ple, that emotionally unstable children might seek calm environ-

ments andstable friends to steady their psyches, thus producing

negative GE correlations of the active variety.
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TABLE 4.1 Three Types of Genotype-EnvironmentCorrelationEE

Eee

Source of
Type Description Environmental Influenceeee,
Passive Children receive genotypes Parents andsiblings

correlated with their family
environment

Reactive Children are reacted to on the Anybody
basis of their genetic propensities

Active Children seek or create Anybodyor anything
environments conducive to the
developmentoftheir genetic
propensities
eee
SOURCE:Plomin, R., DeFries, J., & Loehlin, J. C. (1977). Genotype-environmentinteractionand correlation in the analysis of human behavior. Psychological Bulletin, 84, 309-322. Copyright1977 by the American Psychological Association. Reprinted by permission of the publisher.

METHODS TO IDENTIFY MEASURED GE CORRELATION

In quantitative genetics,it is difficult to separate variance due
to GE correlation from genetic and environmental components of
variance (Plomin etal., 1977). Two methods have been used that
are limited to the detection of variance dueto passive GEcorrela-
tion (Loehlin & DeFries, 1987). One method is based on model]-
fitting analyses of parent-child correlations in adoptive and
nonadoptive families. The other method, whichis less powerful,
compares variances for adopted and nonadoptedchildren. Anal-
yses using both methodsfound no evidencefor passive GEcorre-
lation for personality in infancy and early childhood (Plomin &
DeFries, 1985; Plomin, DeFries, & Fulker, 1988) andin later child-
hood and adolescence (Loehlin, 1992). For IQ, however, these
methodssuggest substantial passive GE correlation, on the order
of .15 to .25 (Loehlin & DeFries, 1987). Fortunately, the present
search for mediators of the genetic contribution to environmental
measures does not rest on estimating the magnitudeof the anon-
ymous componentof variance to be attributed to GE correlation.
It is actually easier to identify specific GE correlations in the sense
of finding specific measures of the environment thatare correlated
genetically with behavior. Even if the components-of-variance
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approachfindslittle overall passive GEcorrelation,it is possible

that passive GE correlation is important for particular combina-

tions of behavioral and environmental dimensions. Moreover,

reactive and active GE correlation can be importantevenif passive

GE correlation is not.

In this chapter, three general methodsare described that can be

employed in the search for measured mediators of the genetic

contribution to environmental measures. These methods address

different types of GE correlation. Thefirst method is the most

general. It is a multivariate genetic analysis of the relationship

between an environmental measure and a correlated measure. In

contrast to traditional univariate genetic analysis of the variance

of a single measure, multivariate genetic analysis decomposesthe

covariance between two measuresinto genetic and environmental

sources of covariance.

Multivariate genetic analysis is describedlater, followed by two

empirical examples ofthe application of multivariate genetic anal-

ysis to the covariation between environmental measures and be-

havioral measures. The first example involves the relationship

between the HOMEandchildren’s mental developmentscores on

the Bayley test using the child-based sibling adoption design of

the Colorado Adoption Project. Because the HOMEis a measure

of family environment, genetic links between the HOME and the

Bayley could involve passive GE correlation. For example, a ge-

netic correlation between the HOMEandthe Bayley might emerge

because the HOMErelates to parents’ IQ as well as to children’s

IQ.In this way, children might passively inherit genes and envi-

ronmentthat are correlated in their effect on cognitive develop-

ment. GE correlation assessed using multivariate genetic analysis

is not limited to the passive variety. Parents might respond to

gene-basedpropensities of their children (reactive GE correlation)

and children mightusetheir parents to get what they want(active

GE correlation). For example, parents (whethergenetically related

or unrelated to their children) might read more to a child who

obviously enjoys it (reactive GE correlation). And brighter chil-

dren (whether adopted or not) can ask their parents to read to

them or to get books for them (active GEcorrelation).



In summary, multivariate genetic analysis permits detection of
GEcorrelations of any variety. After discussing this method and
its results, a second method will be described that only detects
passive GEcorrelation. A third method focuses on reactive and
active GE correlation. By comparing the results of these three
methods, it is possible to gauge therelative importance of the
different kinds of GE correlation. This begins to address the mech-
anisms by which genetic mediation of environmental measures
occurs.

Genetic Correlates Of Environmental Measures

It has been suggested that the future of research on the nature
of nurture lies in two programmatic directions: the investigation
of the antecedents and the consequencesof genetic involvement
in environmental measures (Plomin & Neiderhiser, 1992b). The
question of antecedents considers genetically influenced character-
istics of individuals that result in genetic involvementin measures
of the environment. In other words, the term antecedents refers to
the mechanismsorat least indices of the genetic contribution to
environmental measures.
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The question of consequences concerns the extent to which genetic

influences mediate associations between environmental measures

and outcomevariables. Thatis, if genetic factors contribute to envi-

ronmental measures as well as to outcome measures, this raises

the possibility that associations between environmental measures

and outcomescan be explained genetically. Genetic mediation of

associations between environmental measures and outcomesis

the most important implication of finding a genetic contribution

to environmental measures. Such research will lead to consider-

ation of genetic involvementin risk, prevention, and intervention

(Rende & Plomin, 1992).

The present discussion, however, considers both antecedents

and consequences in the more general category of correlates of

environmental measures.It is difficult to know whethera partic-

ular behavioral trait is an antecedent or a consequencein the

causal sense. All wereally know is that sometraits are correlates

of environmental measures. For example, consider the relation-

ship between life events and depression. Although it might seem

self-evident that this association occurs because negativelife events

lead to depression, the reverse may be possible: Depression may

lead to negative life events. What aboutlongitudinal data in which

life events at one time are correlated with depression ata later

time? (Research of this type is described later.) Even in this case,

it is difficult to exclude the possibility that depression or some

precursor of or predisposition to it preceded the negative life

events. An extreme example in the literature involves the associa-

tion between socioeconomic status (SES) and health. Surely the

direction of effects is from SES to health. Not necessarily: A con-

troversial hypothesis in this field of research, known as health

selection, postulatesthat health affects adults’ SES (West, 1991). For

this reason,at this early stage of research,it is safer to talk about

correlates rather than antecedents or consequences.

One other definitional issue concerns the use of the word medi-

ators in the title of this chapter. A contemporaryissue in develop-

mental research concernsthe distinction between moderators and

mediators (Baron & Kenny, 1986). In addition to investigating the
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direct association between, for example, parental affection and
children’s adjustment, the effects of other variables can also be
examined. Moderatorvariablesrefer to interactions, in thestatis-
tical sense of conditional relationships. For example, parental
affection might predict children’s adjustmentdifferently for boys
andgirls. In contrast, “mediators speak to how or whysucheffects
occur” (Baron & Kenny, 1986, p. 1176), the processes by which
parental affection is associated with children’s adjustment. In
practice, mediators refer to other factors added in multivariate
analyses. For example, children’s self-esteem could be considered
as a possible mediatorof the relationships betweenparentalaffec-
tion and children’s adjustment. Russell and Russell (1992) provide
a discussion of moderators and mediators employingsuchsocial-
ization examples. .
The concepts in this book do notfall neatly into this scheme of

moderators and mediators, in part because genetic and environ-
mental componentsof variance are inferred (latent) variables rather
than measured variables. The basic finding of a genetic contribu-

contribution, to what extent can we accountfor that genetic contri-
bution by shared genetic effects on behavioral measures? Genetics
could be considered as a moderator if genotype- environment
interactions werethe analytic target (Rowe & Waldman, 1993). For
example, heritability of children’s adjustment might differ as a
function of parental affection. This chapter examines the extent to
whichassociations between environmental measures and behav-
ioral measures are mediated genetically (Waldman & Weinberg,
1991). Clearly we are not studying moderators in the sense of
interactions. Here, mediation is the better word, even thoughitis
being used in a different context from the moderator-mediator
distinction in developmental research.
The most obvious candidates for mediatorsof a genetic contri-

bution to environmental measures are psychological traits. For
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example, genetic effects on the HOME might be due to genetic

effects on intelligence of parentsorintelligence of their children.

Anotherpossibility is that parenting might reflect parental per-

sonality. The genetic contribution to life events might be dueto

genetic effects on personality or psychopathology. There is no

theory to guide the search for traits that mediate the genetic

contribution to a particular environmental measure. One criterion

is that candidate mediators must show heritability. However, this

does not help much because mosttraits show moderateheritabil-

ity. A reasonablefirst step is to investigate major traits such as

intelligence, the personality “superfactors” of extraversion and

neuroticism, and common psychopathological dimensions such

as depression.

Multivariate Genetic Analysis: Passive,

Reactive, and Active GE Correlation

In order to explain genetic influences on environmental mea-

sures, it is not enough to show that measures of the environment

are correlated phenotypically with measuresofintelligence, per-

sonality, or psychopathology. Such correlations mayarise for en-

vironmental reasons. That is, a phenotypic correlation between

psychological traits and environmental measures cannot be as-

sumed to be mediated genetically even when both the environmen-

tal and behavioral measures are heritable. For example, parenting

maybe correlated with parental personality for environmental rather

than genetic reasons. Identifying genetic correlates of environ-

mental measures requires multivariate genetic analysis. This section

describes multivariate genetic analysis and presents two recent ap-

plications of this approach that attemptto identify genetic corre-

lates of environmental measures.

MULTIVARIATE GENETIC ANALYSIS

Thegist of multivariate genetic analysis is the analysis of genetic

and environmental contributions to the covariance between two
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measures rather than to the variance of each measure considered
separately (Plomin & DeFries, 1979). Sophisticated model-fitting
approachesto multivariate genetic analysis have been developed
(Boomsma & Molenaar, 1986; Fulker, Baker, & Bock, 1983; Martin
& Eaves, 1977; Neale & Cardon, 1992). These approaches have
primarily been used to investigate the etiology of associations
between measuresin the same domain, most notably, to the anal-
ysis of cognitive abilities (e.g., Cardon & Fulker, 1993). The other
major application of multivariate genetic analysis is to analyze
longitudinal data, that is, covariance across time (e.g., Eaves,
Hewitt, & Heath, 1988; Loehlin, Horn, & Willerman, 1989; Plomin
& DeFries, 1981).

The Genetic Contribution to a Phenotypic Correlation Between a
Measure of the Environment and a Behavioral Measure. The powerof
multivariate genetic analysis can be harnessed to study theetiol-
ogy of associations between environmental measures and their
correlates. Figure 4.1 is a path diagram thatillustrates a bivariate
genetic analysis between a measure of the environment and a
correlate such as a measureof personality. The bivariate analysis
decomposesgenetic effects on the environmental measure into
two components. One component(thelatent variable G in Figure
4.1) represents genetic effects on the environmental measurethat
overlap with genetic effects on the correlate measure. The other
component(the latent variable g in the figure) represents residual
genetic effects on the environmental measurethat are not shared
with the correlate measure. In other words, the path from G to the
environmental measureindicates genetic effects on the environ-
mental measurethat are shared in commonwithgenetic effects on
the other measure. The residual latent variable g represents the
extent to which genetic effects on the environmental measureare
independentof genetic effects on the other measure. Similarly, E
and e are latent variables that represent common and unique
environmental influences, respectively. Because the focusofthis
discussion is on the genetic contribution to environmental mea-
sures, these latent environmental variables are not shown as sub-
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Figure 4.1. A bivariate genetic analysis of the extent to which genetic

effects on an environmental measure can be explained by genetic effects

on a correlate measure. See text for explanation of symbols.

divided into components representing shared and nonshareden-

vironment, as is usually done in such analyses.

Figure 4.1 indicates that the phenotypic correlation can be de-

composedinto its genetic and environmental contributions. The

genetic contribution to the phenotypic correlationis estimated by

the product of the paths that connect the two measures through

G. The environmental contribution is estimated by the product of

the paths that connect the two measures through E. Examples are

providedlater. The point to be madenowisthat genetic effects on

an environmental measure are unlikely to be accounted for by

another measure unlessthere is a phenotypic correlation between

the two measures. That is, if two measures are uncorrelated, it

makeslittle sense to decomposetheir correlation into genetic and

environmental components. The only exception is that the G and

E links could be of different signs, so that positive covarianceof

one cancels out negative covariance of the other, resulting in
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negligible phenotypic covariance. However, there are no exam-
ples of this occurring in multivariate genetic analyses. Thus, if
there is no phenotypic correlation between an environmental mea-
sure and a behavioral measure,thereis unlikely to be genetic links
between them.Forthis reason, multivariate genetic analyses of the
phenotypic association between environmental and behavioral
measures must begin with a search for such associations.

Moreover,strong associations provide greater powerfor disen-
tangling genetic and environmental sourcesof covariance. Thatis,
if the correlation between an environmental measure and a behav-
ioral measure is weak,thereis little covariance to decompose and
it is more difficult to do it. A provocative practical point along
these lines is that, although environmental measures relate to
many behavioral measures, the magnitude of the relationshipsis
often small. This makes it unlikely that these behavioral variables
will explain muchof the genetic variance on environmental mea-
sures. For example, in the SATSA analysis of retrospective reports
of childhoodrearing environments (Plomin, McClearn, Pederson,
Nesselroade, & Bergeman, 1988), associations with numerous
dimensionsof personality were examined. However, these associ-
ations were so weak that conducting multivariate genetic analyses
seemedfruitless.

The Genetic Correlation. An exception to this conclusionlies in an
additional concept concerning genetic mediation. The path dia-
gram in Figure 4.1 is the standard way in which multivariate
genetic analyses are presented and performed. An alternative
presentation of the same model, shownin Figure 4.2, is helpful
conceptually (e.g., Falconer, 1981; Plomin & DeFries, 1979). This
model showsmoreclearly how multivariate genetic analysis is an
extension of traditional univariate analysis. Multivariate genetic
analysis goes beyond the analysis of variance of each trait to
investigate the covariance betweentraits. As shownin Figure 4.2,
a univariate genetic analysis can be applied to one measure, de-
composing its variance into genetic and environmental compo-
nents. (The paths h1 and hz are the squarerootsof heritability, the
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Correlate Environmental

Measure | Measure

 
Figure 4.2. An alternative presentation of the path diagram in Figure 4.1;

rg is the genetic correlation between genetic effects on the two measures

(Gi and G2). re is the environmental correlation between environmental

effects on the two measures (Eand E2).

proportion of phenotypic varianceattributed to genetic variance.)

The other measurecan be analyzed similarly.

The novel conceptof multivariate genetic analysis is the genetic

correlation (rg), indicated by the double-headed arrow connecting

G for the two measures.Thegenetic correlation is the correlation

between genetic influences that affect one measure and genetic

influences that affect the other measure. If genetic effects on the

two measures do not overlap, the genetic correlation is zero. If
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genetic effects on one measure completely covary with genetic
effects on the other, the genetic correlation is 1.0.

Figure 4.2 indicates that the genetic contribution to the pheno-
typic correlation between the two measuresis the product of the
chain of paths, hi x rg x h2. This is equivalent to the product of
the two paths from G in Figure 4.1. As discussed in relation to
Figure 4.1, the path from G to the environmental measure indicates
genetic effects on the environmental measure that are shared in
common with genetic effects on the other measure. This path is
equivalent to h2 x rg, not rg itself, assuming that G in Figure 4.1 is
equivalentto G1 in Figure 4.2. In other words, the path from

G

to the
environmental measurein Figure 4.1 includes portions of both the
genetic correlation and heritability of the environmental measure.
Conceptually, it is useful to disentangle these two factors.

Heritabilities of two measures can be low, but their genetic corre-
lation can be high. This indicates that, although genetic effects do
not account for much of the variance for one or both of the
measures, whatgenetic effects exist are substantially shared. As
we shall see, this case applies to some analyses of associations
between environmental measures and their correlates. Conversely,
heritability can be high but the genetic correlation can be low. This
indicates that, although genetic effects substantially account for
phenotypic variance of both measures,genetic effects do not overlap.

In this sense, the genetic correlation refers to the nature of the
genetic relationship between the two measuresregardless of the
strength of their genetic effects on the phenotypic measures. The
genetic correlation (rg) answers some questions and the genetic
chain of paths (h1 X rg x h2) answersothers. Thelatter indicates the
extent to which the phenotypic correlation between an environ-
mental measure and another measureis mediated genetically. To
repeat, h1 x rg x h2 is the genetic correlation weighted by the square
roots of the heritabilities for the two measures, which hastheeffect

of standardizing the genetic covariancein termsof its contribution
to the phenotypic variance (for details, see Plomin & DeFries,
1979). The genetic correlation, on the other hand, indicates the

extent to which genetic effects overlap for the two measures re-
gardless of their relative contribution to phenotypic variance.In
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sum, these two different ways of looking at the same data can

paint different pictures concerning the extent of overlap between

genetic effects on an environmental measure and another mea-

sure. For this reason, both are considered below.

Estimation. How do weestimate the genetic contribution to the

phenotypic correlation? Using the twin method as an example,

instead of correlating one twin’s score with the twin partner's

score on the samevariable, cross-twin correlations are analyzed.

A cross-twin correlation is the correlation between one twin’s

score on one measure and the other twin’s score on the other

measure. Everythingelse is similar to the usual univariate analysis

of a single measure.In univariate analysis, doubling the difference

between MZ and DZ twincorrelations estimates heritability (h),

the proportion of phenotypic variance attributed to genetic vari-

ance. In bivariate analysis, doubling the difference between MZ

and DZ cross-twin correlations estimates the genetic contribution

to the phenotypic correlation (h1 X rg x h2). In univariate analysis,

phenotypic variance is the sum of genetic variance and environ-

mental variance; in bivariate analysis, the phenotypic correlation

is the sum of its genetic and environmental contributions. How do

we disentangle the genetic correlation from the genetic chain of

paths? If we know the genetic chain of paths, hi x rg x h2 and we

knowthe heritabilities (41 and h2), then rg can be estimated as hy
X rg x h2 divided by 1 x h2 (for details, see Plomin & DeFries, 1979).

In practice, multivariate genetic analysis is conducted using

model-fitting analyses of the model represented in Figure 4.1 (Martin

& Eaves, 1977; Neale & Cardon, 1992). Genetic covariance between two

measures is estimated as the product of the paths that connect the

two measures through G. The genetic correlation is estimated as

the genetic covariance divided by the genetic variance.

HOME, IQ, AND TEMPERAMENT

As discussed in Chapter 2, the HOME, an observational/inter-

view measure of the home environment relevant to cognitive
development, showssubstantial genetic effects at both 1 and 2
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years of age (Braungartet al., 1992). Employing the sibling adop-
tion design that compares adoptive and nonadoptivesiblings,
substantial heritability was also found at 1 and 2 years for the
Bayley Mental Development Index. To what extent do genetic
effects on the HOMEoverlap with genetic effects on the Bayley?

Multivariate genetic analysis was conducted using the sibling
adoption design that employs nonadoptive and adoptive cross-
sibling correlations, that is, correlating one sibling’s HOMEscore
with the other sibling’s Bayley score. If genetic effects on the
HOMEcovary with genetic effects on the Bayley, nonadoptive
cross-sibling correlations will exceed those for adoptivesiblings.
At 1 year of age, the nonadoptive and adoptive cross-sibling
correlations are .13 and .17, respectively. This pattern of results
suggests no genetic overlap between the HOMEandthe Bayleyat
1 year. However,at 2, the cross-sibling correlations are .37 and .12,
respectively, indicating genetic overlap.
A multivariate genetic analysis treats these issues morerigor-

ously and elegantly, with the results illustrated in the path dia-
gram in Figure 4.3. Path diagramsare useful in presenting such
results because the contribution of the latent variables to the
measuredvariables is indicated by the squareof the paths, which
are standardized partial regression coefficients. That is, the variance
of the HOMEis accounted for by the sum of the squares of the six
paths leading to the HOME,assumingthat the latent variables are
uncorrelated. [Unlike Figure 4.1, the environmental componentof
variance in Figure 4.3 is subdivided into shared (Es) and nonshared

(En) environment.] For example, foryear 1 results in the top portion
of Figure 4.3, 03° + .56* + .137 + .747 +.00* + .427 = 1.0.

Genetic variance on the HOMEis decomposedinto two compo-
nents. The path from G represents the extent to which genetic
effects on the HOME measure covary with genetic effects on the
Bayley. The path from the residual g latent variable indicates the
extent to which genetic variance on the HOMEdoesnotoverlap
with genetic effects on the Bayley. At 1 year, it can be seen that the
G path is only .03, whereas the g path is .74. This means that

genetic effects on the HOMEdonot overlap with genetic effects

on the 1-year-old Bayley. As mentionedearlier, the product of the
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Year 1

 
Figure 4.3. A bivariate analysis of the extent to which genetic effects on

the HOMEcan be explained by genetic effects on the Bayley Mental

Development Index at 1 and 2 years (Braungart, Fulker, & Plomin, 1992).

See text concerning Figure 4.1 for explanation of symbols.

SOURCE:Braungart, J. M., Fulker, D. W., & Plomin, R. (1992). Genetic influence of the home

environment during infancy: A sibling adoption study of the HOME.Developmental Psychology,
28, 1048-1055. Copyright 1992 by the American Psychological Association. Reprinted by
permission of the publisher.
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paths from G to the Bayley and to the HOMEestimates the genetic
contribution to the phenotypic correlation between the two measures.
This estimate is negligible (.78 x .03 = .02). The lack of genetic
covariance between the HOMEandthe 1-year-old Bayleyis re-
flected in a weak phenotypic association between the twovariables
at 1 year. At 1 year, the phenotypiccorrelation is typically about.20;
the correlation is nearly twice as great at 2 years (Bradleyetal.,
1989; Gottfried & Gottfried, 1984).

At 2 years, some genetic overlap between the HOMEandBayley
can be seen. The path from G is .29 and the path from is .53.
Although the path from is not significant, the results suggest
that almost a quarter of the genetic variance on the HOMEcan be
accounted for by genetic effects on the Bayley[thatis, .297 + (.297
+ 53°) = .23]. This sameresult implies that three quarters of the
genetic variance on the HOMEcannotbe accountedfor by genetic
effects on the Bayley. Nonetheless, Figure 4.3 indicates that genetic
factors contribute substantially to the phenotypic correlation be-
tween the HOME and the Bayley at 2 years. The phenotypic
correlation can be estimated from Figure 4.3 as .35 [i.e., (.65 x .29)
+ (.33 x .66) + (.68 x -.09) = .35], which is the sameas the actual
correlation between the HOMEandthe Bayley calculated from
these data. The genetic contribution is about.20 (i.e., .65 x .29 =
.19). In other words, genetic factors are estimated to accountfor
more than half of the phenotypic association between the HOME
and the Bayley(i.e., .19 + .35 = .54).

Asdiscussedin the previoussection, although the path from G
indicates that genetic effects on the HOME covary with genetic
effects on the Bayley, it conflates heritability and the genetic cor-
relation (i.e., h2 x rg). Heritability of the HOMEis the sum ofthe
squared paths to the HOME from G andg. Dividing the path from
G (h2 X rg) by h2 estimates the genetic correlation, where h2 is the
square rootof heritability of the HOME.
At 1 year, the path from G (h2 x rg) is .03. The heritability of the

HOMEis .55 (i.e., 037 + 74°). Thus, the genetic correlation is
negligible, .04 (i.e., .03 + v.55). Both the path from G and the
genetic correlation suggests that the genetic effects on the HOME

at 1 are notat all accounted for by genetic effects on the Bayley.
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At year 2, the genetic correlation suggests somewhatgreater

genetic overlap between the HOMEandthe Bayley than does the

path from G; he X rg is .29, and the heritability of the HOMEis .37

(i.e., 297 + 532) Thus, the genetic correlationis .48 (i.e., .29 + v.37).

Althoughonly a quarterof the genetic variance on the HOMEcanbe

accounted for by genetic effects on the Bayley, the genetic correlation

indicates that, setting aside their heritabilities, about half of their

genetic effects covary. Nonetheless, this genetic correlation implies

that abouthalf of their genetic effects do not covary.

Asindicated in Chapter1, the version of the HOMEusedin the

Colorado Adoption Project showslittle heritability in early child-

hood at 3 and 4 years of age. It also shows meager phenotypic

relationships with IQ in early childhood. Thus, it makes no sense

to ask whether IQ mediates genetic effects on the HOMEin early

childhood because there are no genetic effects on the HOMEat

that age and because their phenotypic correlation is so low. How-

ever, it is interesting that the HOMEat 1 and 2 predicts Stanford-

Binet IQ at 3 and 4 andthatthis relationship is mediated genetically

(Plomin, DeFries, & Fulker, 1988). For example, the longitudinal

cross-sibling correlation between the HOMEat1 year and IQ at 4

yearsis .24 for nonadoptive siblings and —.02 for adoptivesiblings.

This finding makes the point that longitudinal relationships be-

tween environmental measuresandlater assessed behavioralcor-

relates cannot be assumed to be mediated environmentally.

Of course, genetic effects on characteristics of children other

than intelligence might also overlap with genetic effects on the

HOME.Cognitive factors not assessed by the Bayley is one possi-

bility. Temperament is another possibility, although reviewsof

nongenetic studies of parenting and child temperamentfind in-

consistent associations (Crockenberg, 1986; Slabach, Morrow, &

Wachs, 1991). The lack of strong phenotypic associations between

parenting and child temperament makesit less likely that children’s

temperament mediates genetic effects on measures of parenting.

Nonetheless, a multivariate genetic analysis of tester ratings on

the Bayley Infant Behavior Record (IBR) as they relate to the

HOMEyielded an interesting result (Braungart, in press). Task

Orientationis one of three factors that emerge from factor analyses
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of the IBR itemsrated by the tester during administration of the
Bayley mental test (Matheny, 1980). This factor consists of three
items: responsivenessto objects, attention span, andgoaldirected-
ness. In model-fitting analyses in which both the HOMEandTask
Orientation were averagedat 1 and 2, Task Orientation was found
to explain all of the genetic variance on the HOME.Althoughit
makes sense that parents’ scores on the HOME mightreflect
genetically influenced attentional characteristics of their infants,
caution is warranted until this result is replicated.

If Task Orientation does notin fact completely explain genetic
effects on the HOME,other candidates include genetically influ-
enced characteristics of parents suchasintelligence and personality.
Suchparental characteristics would be especially good candidatesif
passive GE correlation were responsible for genetic effects on the
HOME.Thisis discussed in the following section.

It is also possible that genetic contributions to the HOMEwill
not be accountedfor entirely by traditional traits of children or of
parents. Although these are very early days in research on the medi-
ators of genetic effects on environmental measures, this seems to be
the picture that is emerging. Some genetic effects on environmental
measures can be accounted for by genetic effects on trait measures,
but most cannot.

PARENTING AND PERSONALITY

Determinants of individual differences in parenting have re-
ceived relatively little attention compared to the huge research
literature on the effects of parenting on children’s development.
A reviewofthe correlates of parenting emphasizes the importance
of parental personality, life events, and social support (Belsky,
1984). Genetic influence on these domains and thusontheir rela-

tionship with parenting has not been mentionedin this literature.
In Chapter 2, SATSA research was reviewed that showed a

genetic contribution to perceptions of current family environment
as assessed by the FES using a parent-based genetic design (Plomin
et al., 1989). To what extent are genetic effects on the FES due to
parents’ personality? A recent report examined possible genetic



Mediators of the Genetic Contribution 125

mediation of the FES by the two “superfactors” of personality, and

neuroticism and extraversion (Chipuer, Plomin, Pedersen, McClearn,

& Nesselroade, 1992). Neuroticism and extraversion are two of the

most pervasive and most highly heritable personality factors in

SATSA (Pedersen, Plomin, McClearn, & Friberg, 1988) and in

reviewsof other research (e.g., Eaveset al., 1989; Loehlin, 1992a).

The bivariate design described in relation to Figure 4.1 was

extended to the trivariate case (see Figure 4.4) in order to investi-

gate the extent to which genetic effects on neuroticism and extra-

version in concert accountfor genetic effects on the FES.In these

analyses, the second-order FES factors were employed: Relation-

ship (cohesion, conflict, expressiveness), Personal Growth (culture,

recreation, achievementorientation), and System Maintenance (con-

trol, organization), rather than the primary factors used in the

original report of univariate analyses of the FES (Plominetal.,

1989). Heritability is about 30%for each of the three second-order

FES factors.

The results indicate that genetic effects on extraversion and

neuroticism contribute to genetic effects on the FES. However,

mostgenetic effects on the environmental measuresare indepen-

dent of genetic effects on these two major dimensions of person-

ality. Figure 4.4 depicts the results in path analytic form for the

Relationshipfactor. (In order to simplify the presentation, only the

genetic paths are included in Figure 4.4.) The trivariate model

decomposes the variance of neuroticism, extraversion, and the

FES environmental measure into genetic variance that is common

to all three variables (G1), genetic variance independentof Gi but

commonto Extraversion and the FES measure (G2), and genetic

variance that is unique to the environmental measure (g).

As discussed in relation to Figure 4.3, summing the squared

path coefficients leading to the Relationship factor indicates that

the heritability of this environmental measureis about 30%(i.e., ~.197

+ .17* + 49% = .30). Genetic effects on the Relationshipfactor that are

independent of Neuroticism and Extraversion are indicated by the

path from the residual latent variable, g. Thus, the proportion of

genetic variance unique to the Relationship factor is about 80%

lie., 49% + (—.197 + 17% + .497) = .79].
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Figure 4.4. A trivariate analysis of the extent to which genetic effects on the FES Relationship factor can be explained
by genetic effects on Neuroticism and Extraversion. Only genetic latent variables are shown. See text concerning
Figure 4.1 for explanation of symbols.

SOURCE: Chipuer, H. M., Plomin, R., Pedersen, N. L., McClearn, G. E., & Nesselroade, J. R. (1992). Genetic influence on family engSB
Therole of ersonality. Developmental Psychology, 29, 110-118. Copyright 1992 by the American Psychological Association. Reprinted by
of the publisher.
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Finding that 80% of the genetic variance of the Relationship

factor is unique implies that 20%of the genetic variance of the FES

Relationship factor can be accounted for by these personality

traits. This can be derived directly in Figure 4.4 as the sum of the

squared G pathsto the FES measure (-.197 + .17* = .06) divided by

the heritability of the FES measure (.06 + .30 = .20). The paths from

G are significant, which indicates that genetic variance on the FES

measureis significantly mediated by the personality measures.

Anotherquestion that can be addressed by multivariate genetic

analysis is the extent to which genetic influences contribute to the

phenotypic correlation between the measures. The phenotypic

correlation between Neuroticism and FES Relationship is —.16.

The genetic contribution to this phenotypic correlation is the

productof the G paths connecting them (.65 x —.19 = —.12). In other

words, about 75%of the phenotypic correlation is contributed by

genetics (i.e., -.12 + —.16 = .75). The phenotypic correlation be-

tween Extraversion and FES Relationship is .16 and the genetic

contributionis .15 [(—.22 x —.19 = .04) + (.64x .17 =.11) =.15]. Thus,

nearly all of the phenotypic correlation is mediated genetically.

There is no contradiction in the finding that mostof the genetic

variance of the FES measuresis not accounted for by the person-

ality measures andthefinding that genetic influences accountfor

mostof the phenotypic correlation between the FES measures and

personality. The reason is the modest phenotypic correlation be-

tween the FES measures and personality. Similarly modest pheno-

typic correlations have been found betweenadult children’s ratings

of their own personality and their ratings of their parents’ behavior

(McCrae & Costa, 1988).

As in the previous example of genetic overlap between the

HOMEandthe Bayley, the genetic correlations between the FES

and the personality measures suggest somewhatgreater overlap

in the nature of their genetic effects, setting aside the strength of

their effects on the phenotype.In the trivariate model, the same
principles apply for calculating the genetic correlation but the

calculation is made moredifficult by having three variables. The
genetic correlation can be calculated by using the genetic contri-

bution to the phenotypic correlation, which as shownaboveis —.12
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for Neuroticism. This represents h1 x h3 x rg, where his the square
root of the heritability of Neuroticism and h3 is the square root of
the heritability of the FES measure. Dividing this product (-.12)
by the productof hi x h3 (i.e., .65 x .55 = .36) estimates rg as —.33
(-.12 + .36 = -.33). The genetic correlation is .40 between Extra-
version and this FES measure.

Results for the FES Personal Growthfactor are nearly identical.
Although genetic effects on Neuroticism and Extraversionsig-
nificantly covary with genetic effects on this FES factor, 79%of
the genetic variance on the FES Personal Growth factoris unique.
The genetic correlation is —.29 with Neuroticism and -—.42 with

Extraversion.

For the FES System Maintenance factor, all of the genetic vari-
ance is independent of Neuroticism and Extraversion and the

genetic correlations are also negligible. This occurs because the

phenotypic correlations between the FES System Maintenance

factor and Neuroticism and Extraversion are negligible (r = .02

and -.03, respectively). This latter finding may be important in

that parental control again appears to be behaving differently than

other aspects of parenting. Thatis, in child-based genetic designs,

parental control shows lowerheritability than other measuresof

parenting. In contrast, in parent-based designs such as SATSA,

from which the present analyses are derived, the control factor

showsheritability. However, the present findings indicate no ge-

netic overlap with personality for this control measure, whereas

genetic effects on the other dimensions of parenting are mediated

at least in part by personality.

In summary, as in the previous example of the HOMEandthe

Bayley measure of mental development, some genetic effects on

the FES can be accountedfor by genetic effects on personality, but

the majority cannot. Two recent abstracts of work in progress

supportthis conclusion. A study of parents who are twinsorpairs

of unrelated children reared together also suggests that some

genetic effects on parenting are shared with the “big five” dimen-

sions of personality, which include neuroticism and extraversion

(Roweet al., 1992). The child-based genetic design of the NEAD

project discussed in Chapters 2 and 3 also indicates that some
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genetic variance on child and parent reports of family environment

can be explained by genetic effects on personality, psychopathology,

and perceived self-competence (McGuire, Reiss, Hetherington, &

Plomin, 1992). However, genetic effects on most measures of family

environmentare largely independentof these othervariables.

OTHER MULTIVARIATE GENETIC ANALYSES

Other relevant multivariate genetic research on this topic will

be mentioned more briefly. These research reports include at-

tempts to identify genetic correlates of environmental measures,

such as family environment, social support, life events, SES, and

television viewing.

Family Environment and Temperamentin Middle Childhood. A Col-

orado AdoptionProject analysis mentionedearlier suggested that

tester ratings on the Infant Behavior Record (IBR) scale of Task

Orientation might substantially account for genetic effects on the

HOMEininfancy (Braungart, in press). This is the only case in

which the genetic contribution to an environmental measure (the

HOME)can be accounted forin its entirety by a behavioral mea-

sure (IBR Task Orientation). However, as discussed earlier, this

result needsto bereplicated beforeit is taken too seriously.

This report (Braungart, in press) was also mentioned in Chapter

2 becauseit found that parents’ ratings of their parenting warmth

and consistency showed genetic effects when their children were

7 and 9 years old. Multivariate genetic analysis revealed that tester

ratings of the children’s temperamentin infancy andearly child-

hood, including IBR Task Orientation, did not contribute to these

genetic effects on self-reported parenting in middle childhood.

Social Support, Depression, and Life Satisfaction. As discussed in

Chapter 3, a measure of perceived adequacy of social support
showedgenetic effects in SATSA analyses (Bergemanetal., 1990).
In SATSA, the strongest phenotypic correlates of social support
are depression andlife satisfaction, even though these phenotypic

correlations are only about .20. Interpretations of these correlations
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typically assume that social support decreases depression and
increaseslife satisfaction. However, SATSA analysesindicate ge-
netic effects for both depression andlife satisfaction, which raises
the possibility that their associations with social support may be
mediated genetically. The answer again is that genetic effects on
these traits can account for some, but notall, genetic effects on
social support (Bergeman, Plomin, Pedersen, & McClearn, 1991).
Another twin study described in Chapter 3 also found evidence

for a genetic contribution to social support (Kessleret al., 1992). A
multivariate genetic analysis of social support and depressed
mood confirmed the SATSA finding of genetic mediation. An
interesting analysis examined the interaction betweensocial sup-
port and life events in predicting depressed mood. Astypically
found in social support research, the association between social

support and adjustmentis stronger undergreaterstress (Thoits,

1986). Multivariate genetic analysis suggested that this interaction
is due in part to genetic factors. The authors hypothesized that

stressful life events might engage genetic effects on social support

that are shared to a greater extent with genetic effects on depressed

mood. |

Of course, these results do not imply that all or even mostof the

association between social support and adjustment is mediated

genetically. For example, an environmental contribution to the

association between social support and depression is suggested

by research showing that experimentally induced depressionre-

sults in lower ratings of social support (Cohen, Towbes, & Flocco,

1988). As in any experiment, it cannot be presumed thatthis result

reflects the processes that affect the association outside the labora-

tory. The best evidence for the importance of nongenetic mediation

comes from multivariate genetic analysis: Phenotypic associations

between environmental measures such associal support and be-

havioral measuressuch as depressed moodcan only be explained

in part by genetic mediation. This conclusion applies as well to the

following examplesof multivariate genetic analysis.

Life Events and Personality. A SATSA analysis suggesting a ge-

netic contribution to life events was also discussed in Chapter 3
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(Plomin, Lichtenstein,et al., 1990). What are the genetic correlates

of life events such as conflicts, financial disruption, accident, and

illnesses? For example, neuroticism has been showntorelate to
life events (Brett, Brief, Burke, George, & Webster, 1990). More

specifically, conflicts might be induced by genetic effects on the
anger componentof emotionality. IQ might contribute to financial
problems. Risk-taking might be involved in accidents, andillness
might be affected by genetic factors involved in susceptibility to
disease.

Although these possibilities have not yet been thoroughly ex-
plored, depression correlates phenotypically with life events in
SATSA andthis association has been subjected to a multivariate
genetic analysis (Neiderhiser, Plomin, Lichtenstein, Pedersen, &

McClearn, 1992). The results indicate that genetic effects on life
events and depression overlap. This genetic association between
life events and depression remains when depression wasassessed
3 years later and again 6 years later. However, as mentioned
earlier, such longitudinal associations do not imply causality be-
cause genetic effects on depression 6 yearsafter the initial assess-
ment overlap substantially with genetic effects on depression at
the initial assessment.

SES and IQ. Multivariate genetic analyses also indicate that IQ
can account for some genetic effects on SES in adulthood
(Lichtenstein et al., 1992; Tambset al., 1989). About half of the

genetic effects on SES are independentof IQ, however.

SES and Health. SES and health both showheritability and the
association between them has been shownto bein part genetically
mediated (Lichtenstein, Harris, Pedersen, & McClearn,in press).

Television Viewing. As indicated in Chapter 2, individualdiffer-
ences in children’s television viewing showstrong geneticeffects.
Can this be explained by intelligence or temperament? Neither
intelligence nor temperamentof children appears to be responsi-
ble for this genetic contribution (Plomin, Corleyet al., 1990). For

example, the correlation between IQ and television was —.01 at 3
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years and .01 at 4 years. The rangeof correlations for temperament
measures was only —.08 to .08. Because television viewing showed
no phenotypic correlations with these behavioral variables, mul-
tivariate genetic analyses were not undertaken.

Environment-Behavior Correlations in Nonadoptive
Versus Adoptive Homes: Passive GE Correlation

To recap, research reviewed in Chapters 2 and 3 indicated that
genetic factors play a role in many environmental measures. The
goal of this chapter is to consider mechanisms by which that
happens. Multivariate genetic analysis, discussed in the previous
section, addressesthis issue, capturing genetic mediation due to
GE correlation of any kind. This section and the next attempt to
go onestep farther by exploring the extent to whichthis genetic
mediation is due specifically to passive GE correlation or to reac-

tive and active GEcorrelation.

A different design usedto investigate genetic mediation of asso-
ciations between environmental measures and behavioral measures

focuses on genetic mediation that arises from passive GE correlation

(Plomin, Loehlin, & DeFries, 1985). What if an association between

a measure of family environmentand children’s behavioris greater

in nonadoptive families than in adoptive families? For instance,

what if the correlation between the HOMEandscores on the

Bayley is greater in nonadoptive families than in adoptive fami-

lies? The general answer is that genetic factors mediate the

HOME-Bayleycorrelation. The specific answeris that passive
GEcorrelation is responsible, assuming that variancesare similar

in nonadoptive and adoptive families.

This design pinpoints passive GE correlation because HOME-

Bayleycorrelations in nonadoptive and adoptive families would

not be expectedto differ if reactive or active GE correlation were

at work. Adoptive children have genes too, and parents respond

to gene-based differences in adopted children (reactive GE corre-

lation). Also, adopted children, like other children, get their way

with their parents (active GE correlation). The difference is that
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adopted children share environment but not genes with their

parents and thus miss out on passive GEcorrelation. Two benefits

of this design are that it requires only singleton adopted children,

not siblings or parents, and that it is so simple and direct.It is

difficult to think of a name for this design. It is like a parent-

offspring design with the parental variables unspecified. As a

default label, the approach can be referred to as the measured

passive GE correlation design.

Figure 4.5 illustrates this design as a path diagram. The path

diagram indicates that in nonadoptive families the correlation

between the HOMEandtheBayley can occur in two ways: either

environmentally via the fe chain of paths or genetically via the

parents’ and child’s genotypes, i.e., passive GE correlation. This

latter path is Yarh for the path through each parent’s unmeasured

genotype G with a combined value of rh for the genetic paths,

assuming that r is equal for mothers and fathers. The residual

arrowsallow for other causes. .

For adoptive families on the right of Figure 4.5, the HOME has

only an environmental connection to the child’s Bayley. The geno-

types of the biological parents will not contribute to the correla-

tion between the HOMEandthe child’s Bayley in the absenceof

selective placement. This correlation then simply takes on the

valuefe.

In summary, the HOME-Bayleycorrelationisfe + rh in nonadop-

tive families and just fe in adoptive families. It follows that the

difference between the correlations in nonadoptive and adoptive

families estimates rh, the genetic contribution to the HOME-Bayley

correlation. As mentionedearlier, correlations such as the HOME-

Bayley correlation mightalso reflect reactive and active GE corre-

lation in both nonadoptive and adoptivefamilies, but these effects

of reactive and active GE correlation would be cancelled out in the

difference between the correlations in nonadoptive and adoptive

families. This leaves passive GEcorrelation as the sole sourceof

the difference.

This measured passive GEcorrelation design has been general-

ized to the multivariate analysis of several environmental and

behavioral variables (Thompson, Fulker, DeFries, & Plomin, 1986).
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Nonadoptive Adoptive

Families Families

Figure 4.5. An adoption design to detect passive GE correlation by com-
paring the correlation between the HOMEandchildren’s Bayley scores in
nonadoptive and adoptive families. See text for explanation of symbols.
SOURCE:Plomin,R., Loehlin,J. C., & DeFries, J.C. (1985). Genetic and environmental components
of “environmental” influences. Developmental Psychology, 21, 391-402. Copyright 1985 by the
American Psychological Association. Reprinted by permission of the publisher.

It has also been combined with the usual parent-offspring adop-
tion model in order to test the model more rigorously (Coon,
Fulker, DeFries, & Plomin, 1990; Rice, Fulker, DeFries, & Plomin,

1988) and generalized to the multivariate case (Cherny,in press).
As in multivariate genetic analysis, the measured passive GE

correlation method requires that a measure of the environmentis
correlated with a measure of development. Thatis, if an associa-
tion does not exist, the genetic and environmental contributions
to the association cannot be analyzed. Moreover, the magnitude
of the association mustat least be moderate. Theissueis effect size
rather than merestatistical significance. The mostdifficult part of
this program ofresearchis finding associations between environ-
mental measures and measures of developmentthatare of reason-
able effect size (Maccoby & Martin, 1983), even though some
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environmentalists continue to assumethe contrary(e.g., Hoffman,

1991; cf. Bouchard, in press).

For example, we attempted to apply this methodto the associ-

ation between linguistic environment and infant communicative

development (Hardy-Brown & Plomin, 1985). The linguistic envi-

ronments of children were laboriously scored from phonetic tran-

scriptions of videotapes of mother-infant interaction in 50 adoptive

and 50 nonadoptive families. Maternal speech characteristics in-

cluded frequency of vocalization and communicative gesturing,

sentence types, imitation of infant vocalizations, nonimitative con-

tingent vocal responding, tuitional modeling of language, mean

length of utterance, and self-repetition. However, these traditional

measuresof the linguistic environment showedonly slightly more

than a chance numberof significant associations with children’s

communicative competence. Without reasonable phenotypic asso-

ciations between linguistic environment andchildren’s communi-

cative competence, comparisons between adoptive and nonadoptive

families were pointless.

Following are examples in which at least modest phenotypic

associations between environmental measures and outcome mea-

sures could be detected, thus making it possible to apply the

measured passive GE correlation method. The first example in-

volves the association between the HOMEandIQ.

HOME AND IQ

In the previous section, a multivariate genetic analysis of the

HOMEandthe Bayley waspresented using the sibling adoption

design of the Colorado Adoption Project (Braungartet al., 1992).

Theresults (Figure 4.3) indicated that genetic factors in common

between the HOMEandthe Bayley accountfor about half of the

phenotypic correlation between the HOMEand the Bayley when

the children were 2 years old. The design in Figure 4.5 can be used

to investigate the extent to which this genetic mediation at 2 is due

to passive GEcorrelation. Application of this design is limited to

the Colorado Adoption Project because it is the only adoption
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study that includes measures of the environmentother than par-
ental education and socioeconomicstatus.
The results, shown in Table 4.2, are similar to those of the

multivariate genetic analysis (Figure 4.3). Genetic mediation is
suggested at age 2 but not at age 1. At 2 years, the phenotypic
correlation between the HOMEandBayleyis .42 in nonadoptive
families and .27 in adoptive families. As discussed earlier, the
genetic component(rh) to the HOME-Bayley correlationis esti-

mated as .15 (i.e., .42 — .27 = .15) at age 2. Thus, genetic factors
assessedbythis design account for about a third (i.e., .15+ .42 =
.36) of the HOME-Bayley correlation at 2 years (Plomin, DeFries,

& Fulker, 1988).

The point of this section is that genetic effects detected by this

designare limited to passive GE correlation. In contrast, the mul-
tivariate genetic results discussedin relation to Figure 4.3 suggest

that about half of the HOME-Bayleycorrelation at 2 years is due to
genetic mediation. The multivariate genetic design detects active and

reactive GE correlation in addition to passive GE correlation. Al-

thoughall of these analyses require replication, together they suggest

that passive GE correlation accounts for some but not all of the
genetic mediation of the relationship between the HOMEandBayley.

Previous analyses in the Colorado Adoption Project suggested

that these genetic links between the HOMEand Bayley primarily

involve a HOMEfactor called Encouraging Developmental Ad-

vance (Plomin et al., 1985). Correlations between this HOME

factor and the Bayleyat year 2 are .44 in nonadoptive families and

.22 in adoptive families. These analyses also suggested somespec-
ificity in relation to mental development. Genetic mediation ap-

peared to be strongest for Verbal (symbolic) and Lexical factors

derived from the Bayley items. Buttressing this conclusionis the

finding that the HOMEalso showsstrong genetic links with the

Sequenced Inventory of Communication Development (SICD).

The correlations between the HOMEandthe SICD are .50 in

nonadoptive families and .32 in adoptive families.

The Colorado Adoption Project version of the HOMEin early

childhood at 3 and 4 years showslittle effect of genetics, as

indicated in Chapter 2. Thus there is no reason to examine medi-
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TABLE 4.2 Passive GE Correlation: HOME-Bayley Correlations for Non-

adopted and AdoptedInfants at Ages 1 and 2
IIs

0000

HOME-Bayley Correlations

Age Nonadoptive Families Adoptive Families

NN

1 Year 05 12

2 Years 42 27
a

SOURCE:Adapted from Plomin, DeFries, & Fulker (1988).

NOTE: N = 241 adopted and 245 nonadopted probands at 1 and 212 adopted and 229

nonadoptedat 2.

ators of genetic effects on the HOMEatthis age. Correlations with

Stanford-BinetIQ scores are .15 for nonadopted children and.11 for

adopted children at 3 years and .16 and .10, respectively, at 4 years

~ (Plomin, DeFries, & Fulker, 1988). This suggests at most a modest role

for passive GE correlation in early childhood for these measures.

However, as mentionedin regards to multivariate analyses of longi-

tudinalrelationships, the HOMEat 1 year showsgenetic links to IQ

at 3 and 4 years. Longitudinal correlations between the HOMEand

children’s IQ in nonadoptive and adoptive families indicate that

these genetic links involve passive GE correlation. Correlations

between the HOMEat 1 year and IQ at3 yearsare .15 in nonadop-

tive and .08 in adoptive families; at 4 years, the correlations are .16

and .06, respectively (Plomin, DeFries, & Fulker, 1988).

Surprisingly, the HOMEin infancy predicts IQ in middle child-

hoodslightly more strongly than in early childhood (Coonetal.,

1990). The HOMEatyear 1 correlates with WISC-R IQ at 7 years

21 in nonadoptive and —.08 in adoptive families. Correlations for

the HOMEatyear 2 are .31 and.08, respectively. Thus these results

suggestthat to the extent that the HOMErelatesto children’s IQ,it

does so primarily for reasonsof passive GEcorrelation. This report

also showedthat, at 7 years, several scales of the FES correlate with

children’s IQ primarily for genetic reasons. These results have

been extended to 9 years of age (Cherny,in press).

It is interesting that in the Colorado Adoption Project paren-

tal education and SES yield results similar to those for the

HOME.Multiple correlations predicting offspring IQ from par-

ental education and occupational status for nonadoptive and
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adoptive children are .20 and .16, respectively, at 1 year, .23 and
OS at 2 years, .22 and .19 at 3 years, and .16 and .12 at 4 years. The
significant difference in correlations at 2, the lower correlationsat
3 and 4, and the lack of evidence for genetic mediation other than
at 2 support the results that emerged for the HOME.

Theseresults from the Colorado AdoptionProject led to a search
for other relevant adoption data that compared home environ-
mentandIQ in adoptive and nonadoptive families (Plominetal.,
1985). Three adoption studies were found andtheir data, exam-
ined for the first time from this perspective, consistently support
the hypothesis of genetic mediation (Burks, 1928; Freeman, Holzinger,
& Mitchell, 1928; Leahy, 1935). Across the three studies, the average
correlation between environmental measures and children’s IQ is .45
in nonadoptive families and .18 in adoptive families. However,
unlike the HOME,which attempts to assess proximal features of
the home environment, the environmental measures employedin
the earlier studies largely assessed socioeconomicstatus (SES). For
this reason, these earlier studies might be better viewed as indi-
cating that the genetic overlap between SES andchildren’s IQ is
largely due to passive GEcorrelation.

MEASURES OF FAMILY ENVIRONMENT
AS RELATED TO OTHER DEVELOPMENTAL MEASURES

The methodtoassess genetic mediation due to measuredpassive
GEcorrelation was developed because, in the Colorado Adoption
Project, correlations between environmental measures and behav-
ioral measures, when they emerged,wereconsistently greater in
nonadoptive than in adoptive families (Plomin & DeFries, 1985).
If an environmental measureis not correlated with a behavioral
measure, the correlation cannot show genetic mediation. In the
first report on such analysesin infancy (Plominetal., 1985), from
hundredsof environment-developmentcorrelations, 34 were se-
lected in which the correlation reachedstatistical significance in
either adoptive or nonadoptive families. Of the 34 correlations, 28
yielded greater correlations in nonadoptive than in adoptive fam-
ilies. For all 34 correlations, the mean correlation for nonadoptive
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families was .24; for adoptive families, the mean correlation was

.09. Furthermore, the correlations in adoptive and nonadoptive

families were significantly different for 12 comparisons.For all 12,

the correlations in the nonadoptive families were greater than

those in adoptive families. This consistent pattern of greater cor-

relations in nonadoptive than in adoptive families suggests genetic

links between the environmental measures and major domainsof

infant developmentthat are dueto passive GEcorrelation.

These genetic links are not limited to a particular environmental

measure nor to a particular domain of development. In general,

the HOMEcorrelates genetically with cognitive and language

measures, as discussed above, and the FES correlates with temper-

ament and behavioral problems. For example, correlations be-

tween the FES Personal Growthfactor and Difficult Temperament

were greater in nonadoptive families than in adoptive families at

both 1 year (-.32 vs. -.07) and 3 years (—.28 vs. —.11). Several other

similar findings suggest that genetic effects on familial “warmth”

(cohesiveness and expressiveness) in part involve the mechanism

of passive GE correlation as mediated by infant “easiness” (low

difficultness and emotionality and high sociability and soothabil-

ity). Longitudinal correlations between the FESat 1 year andlater

behavioral measuresare generally weaker but show similar pat-

terns of results (Plomin, DeFries, & Fulker, 1988). An extension of

this longitudinal approach predicted noncognitive outcomes in

middle childhood from early environment (Neiderhiser, in press).

However, the phenotypic associations were weak and for this

reason few genetic mediators were found. As mentionedearlier,

the FES in infancy showsgenetic links to children’s IQ in middle

childhood (Coonetal., 1990).

As discussed in the previous section, a tentative finding of

considerable interest is that genetic effects on the HOMEin in-

fancy overlap with genetic effects on tester ratings of task orien-

tation on the Infant BehaviorRecord.Is this genetic mediation due

to passive GE correlation? The answer appears to be no. The

correlation between the HOMEand Task Orientation is .28 in

nonadoptive families and .27 in adoptive families, suggesting

shared family environmental influence but not genetic effects
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(Braungart, in press). Taken together, these results suggest that,
unlike other analyses, genetic mediation found in this multivariate
genetic analysis is not due to passive GE correlation. This implies
that it is due to reactive or active GE correlation. This seems reason-
able given the nature of the IBR Task Orientation scale, which
assesses responsivenessto objects, attention span, and goaldirected-
ness. Thatis, parents’ responsiveness mightreflect genetically in-
fluenced differences among infants in such behaviors. However,
until these results are replicated, caution is warranted in making
too muchofthe finding.
Although characteristics of the children are related genetically

to the HOMEandFESin infancy, genetic links due to passive GE
correlation have not been found between parents’ ratings of their
warmth toward their children at 7 and 9 years and earlier tester
ratings of temperament (Braungart,in press).

In summary, environmental measures in infancy share some
genetic variance with noncognitive as well as cognitive character-
istics of children. Although someof this genetic overlap involves
passive GEcorrelation, some appearsto reflect reactive and active
GEcorrelation.

PARENTAL MEDIATORS OF PASSIVE GE CORRELATION

Demonstrating the importance of passive GEcorrelation raises
the question of parental mediators of genetic links between the
HOMEand the Bayley. That is, children do not inherit family
environments—theyinherit genetically influenced predispositions
of their parents. Thus, it mustbe the case that the genetic contribu-
tion to environmental measures generated by passive GEcorrela-
tion involves somegenetically mediated characteristics of parents
that are inherited by their offspring. G in Figure 4.5 includes any
characteristics of parents—including unmeasured and even un-
measurable characteristics—involved in the genetic link between
the HOMEand Bayley.
Whatare these parental characteristics that mediate passive GE

correlation? As an example, wecan investigate the extent to which
the genetic link between the HOMEandBayleyis due to the most
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likely parental candidate, parental IQ. This question can be ad-

dressed in simple analyses that partial out parental characteristics

from the relationships between environmental measuresandchild

characteristics in nonadoptive and adoptive families. For exam-

ple, partialling out parental IQ haslittle effect on the relationships

between the HOMEandBayleyin either nonadoptive or adoptive

homes(Plomin et al., 1985). For example, the HOME-Bayley cor-

relation of .42 innonadoptive families was only reduced to .41 when

mothers’ IQ was controlled and similarly to .41 whenfathers’ IQ was

controlled (Bergeman & Plomin, 1988). In other words, parental

characteristics involved in the passive GE correlation between the

HOMEand Bayley mustbe largely independentof the parents’IQ.

Indeed, partialling out parental SES, education, IQ, specific cogni-

tive abilities, and major dimensionsof personality hadlittle effect on

genetic mediation of the HOME-Bayleyrelationship (Bergeman &

Plomin, 1988).

This finding carries a straightforward implication for environ-

mental research. It has been reasonably assumedthat parental IQ

mustbe the parental mediatorof the relationship between the HOME

and infant mental development(e.g., Gottfried & Gottfried, 1984;

Yeates, MacPhee, Campbell, & Ramey, 1983). However, these results

indicate that parental IQ is not the missinglink.

Similar results have been obtained for domainsother than cog-

nitive development. For example, partialling out parental person-

ality does not weakenthe evidence for passive GEcorrelation for

children’s temperament. This suggests that the obvious candidate

of parental personality is not responsible for the genetic links

between environmental measures and children’s temperament

that are forged by passive GE correlation. Of course, one could

always argue that the wrongtraits have been examinedas candi-

dates. Someother “factor X” might be the key parental mediator

of passive GEcorrelation that leads to genetic effects on environ-

mental measures. Two redoubtable restrictions exist for finding

parental mediators. First, the measure must notcorrelate highly

with the parental measures listed above, and, second, it must

correlate highly with both the environmental measure and the

outcome measure. A stimulating discussion of possible parental
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mediators can be foundina recent book on parenting even though
the book does not mention heredity (Goodnow & Collins, 1990).
Directions for research include cognitive approachessuchasinfor-
mation processing (e.g., Mancuso & Lehrer, 1986) and attribution
(e.g., Dix & Grusec, 1983, 1985) in addition to affective approaches
(Goodnow & Collins, 1990).
Although some “factor X” may be foundto be the key parental

mediator of passive GEcorrelation, a moreinteresting possibility
is that genetic effects on other psychological traits of parents
cannotexplainall genetic effects on environmental measures. That
is, genetic effects on environmental measures may notjust be a
matter of contamination by genetically influencedtraits. This may
lead to new waysof thinking about the interface between genes
and experience.
For example, in 1875 Galton foreshadowedpassive GEcorrela-

tion and proposed aninteresting hypothesis about genetic medi-
ation. In response to the assumption that parental correlates of
children’s development can beascribed to environmentalinflu-
ence, Galton wrote:

I acknowledgethe fact, but doubt the deduction.Thechild is usually
taughtbyits parents, and their teachings are of an exceptionalchar-
acter, for the following reason. There is commonly a strong resem-
blance, owing to inheritance, between the dispositions of the child
andits parents. They are able to understand the waysof one another
moreintimately thanis possible to persons not of the same blood, and
the child instinctively assimilates the habits and waysof thoughtofits
parents.Its disposition is “educated” by them,in the true sense of the
word,thatis to say; it is evoked earlier than it would otherwise have
been. On these grounds,I ascribe the persistence of habits that date
from the early periods of home education,to the peculiarities of the
instructors, rather than to the period whentheinstruction wasgiven.
The marksleft on the memorybythe instructions of a foster-mother
are soon sponged clean away. (Galton, 1875, p. 405)

This remarkably prescient statement indicates that environment-
outcomeassociations can be genetically mediated via passive GE
correlation. Galton even foreshadowsthe passive GEcorrelation
design described in this section that rests on the comparison of
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environment-outcomeassociations in nonadoptive and adoptive

families. However, the special relevance of this quote to the pres-

ent discussion is Galton’s suggestion that passive GE correlation

comes about because the genetic resemblance between parents

and offspring enables them to “understand the ways of one an-

other moreintimately than is possible to persons not of the same

blood.” Galton’s conceptof intimacy has not been investigated but

serves as an intriguing example of new waysof thinking about

family environmentin relation to passive GEcorrelation. Thisis

a topic to which weshall return in the next chapter.

BEYOND THE FAMILY ENVIRONMENT

It would be reasonable to assume that passive GE correlation

will be seen only in relation to family environment. Thatis, corre-

lations between extrafamilial environmental measures and behav-

ioral measures would not be expected to be greater for nonadopted

than for adopted children. However, it is possible that effects of

passive GE correlation spread to experiences beyond the family.

Somesurprising results of this type have emerged in the Colorado

Adoption Project (Rende, in press). A self-report measureofstress

in the first grade wascorrelated with teacher reports of behavioral

problems on the Child Behavior Checklist (CBCL) in first grade

and 2 years later. As shownin Table 4.3, correlations between

stress and behavioral problems were greater for nonadoptedchil-

dren than for adopted children. This result emerged for total

numberof stressful events and wasevenstronger for a rating of

the total upsettingness of the events. Similar results were found

for internalizing and externalizing behavioral problems. More-

over, the effect wasstronger2 yearslater.

Although this finding needs to be replicated, it serves as an

example of the possible role of passive GE correlation in measures

of the environmentthat extend beyond the family. If these results

are replicable, passive GE correlation provides a reasonable expla-

nation of these findings. Somegenetically influenced characteris-

tics of parents might mediate children’s responsesto the stress of

school. A major complication, however, is that in this same report
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TABLE 4.3 Passive GE Correlation: Correlations Between Child Report
of First-Grade Stress and Teacher Reports of Behavior Prob-
lems in First Grade and 2 Years Later

Nonadopted Adopted
Total Upset- Total Upset-

Events  tingness Events tingness

Internalizing Problems

First grade .18 25 .08 18

Third grade 21 33 03 05

Externalizing Problems

First grade 19 33 17 .16

Third grade 22 .40 .09 .06

 

SOURCE: Adapted from Rende(in press).
NOTE:N = 206 adopted and 208 nonadopted probandsin first grade and 177 adopted and 169
nonadopted probandsin third grade.

the measure of school stress shows no genetic contribution in a
sibling adoption analysis. If the measure showsnogeneticeffects,
it should not show passive GEcorrelation. Nonetheless, the dif-
ferences in correlations for nonadoptive and adoptive families
from the passive GE correlation design are sufficiently large to
warrantfurther investigation.

An Adoption Design to Detect Specific
Reactive and Active GE Correlations

Multivariate genetic analysis of the association between envi-
ronmental measures and behavioral measures assesses passive,
reactive, and active GE correlation. The measured passive GE
correlation design just discussed assesses passive GE correlation
but notreactive or active GE correlation. Another adoption design
is able to assess specific GE correlations of the reactive and active
type but not passive GE correlation. Comparison of results from
these three methods makeit possible to begin to gaugethe relative
importance of the three types of GE correlation.
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The adoption design to detect specific reactive and active GE

correlation requires data from biological parents of adopted-away

children. Characteristics of adoptees’ biological parents can be

used as an index of genotype and they can be correlated with any

measure of their adopted-awaychildren’s environmentinside or

outside of the home (Plominetal., 1977). If a measure such as IQ

of the biological parent correlates with any measure of the envi-

ronment of their adopted-awaychildren, in the absence of selec-

tive placement,this suggests that IQ contributes genetically to the

environmental measure for reasonsof reactive or active GE corre-

lation. For example, a correlation between biological parents’ IQ

and adopted children’s experience indicates that the environment

responds tothe children’s genotypes(reactive GE correlation) or

that the children’s genotype drives their experiences (active GE

correlation). For this reason, this design could be called the mea-

sured reactive/active GE correlation design, in contrast to the mea-

sured passive GE correlation design described in the previous

section.

Previous adoption studies do not permit the use of this ap-

proach because biological parents and adoptive home environ-

mentsare rarely assessed. For example, the classic adoption study

of Skodak and Skeels (1949) tested biological mothers for IQ but

only obtained information on the educational levels and socioeco-

nomic status of adoptive parents. These measures of the distal

environmentof adoptive families cannot be expected to change in

reaction to (reactive GE correlation) or be changed by(active GE

correlation) genetic propensities of adopted children.

The Colorado Adoption Project provides relevant comparisons

becauseit includes environmental measuresof the adoptive families

such as the HOME and FES. However, attempts to find specific

reactive and active GE correlation using this approachin infancy and

early childhood havenot yielded muchsolid evidencefor reactive GE

correlation (Plomin & DeFries, 1985; Plomin, DeFries, & Fulker,

1988). For example, biological mothers’ IQ correlated —.02 with

scores on the HOMEin adoptive families when the adoptedchil-

dren were1 year old. At 2 years, the correlation was .01. The data
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for early childhood also suggestlittle effect, although the correla-
tions increaseslightly: .05 at 3 years and .07 at 4 years.
One might expect that, of the specific cognitive abilities, an

adoptee’s propensity toward verbal ability might elicit greater
responsivenessin the adoptive family. However, correlations be-
tween biological mothers’ verbal ability and HOMEscores were
also low at1, 2, 3, and 4 years(.01, .04, .06, and .00, respectively),
as were GEcorrelations for other specific cognitive abilities.

Overall, only slightly more than a chance numberofsignificant
GEcorrelations emerged. Nonetheless, the novelty of these data
warrant a brief mention of the results. Of 20 GE correlations
between biological mothers’ personality and HOMEscores from
years 1 to 4, two weresignificant, both involving data at year 4.
Adoptive mothers obtained higher HOMEscores whenthe bio-
logical mothersof their adopted children were more highly active
and impulsive (correlations of .16 and .17, respectively). Although
it is not surprising that morelively children elicit greater respon-
siveness, the correlations at years 1, 2, and 3 were negligible, —.04,
-.03, and .09, respectively for activity, and —.05, —.03, and —.02 for
impulsivity. Thus,if this is truly an exampleof reactive/active GE
correlation, it does not emerge until the children are 4 years old.
An interesting GE correlation also emerged at 4 years for bio-

logical mothers’ self-reported depression. Adoptive mothersdis-
played less responsivenessas indexed by the HOMEwhenbiological
mothers of their adopted children reported more depression (cor-
relation of —-.19). Again, however, correlationsat earlier years were
negligible: .06, .04, and .01.
The FES yielded only a chance numberofsignificant correla-

tions with biological mothers’ IQ. However, the FES would appear
to be less sensitive to changein responseto a child’s characteristics
than the HOMEbecausethe FESassesses the general atmosphere
of the family environment. Only a chance numberofsignificant
correlations were observed betweenbiological mothers’ personal-
ity and the adoptive families’ FES. Nonetheless, there were some
noteworthy consistencies at 1 and 3 years, the two ages when the
FES was administered. The second-order FES factor Traditional
Organization correlated .13 with biological mothers’ 16PF Extra-
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version at year 1 and .07 at year 3. This hints at the possibility that

a genetic propensity toward extraversion (which includes im-

pulsivity as well as sociability) in children elicits greater parental

control. The second-order FES factor Personal Growth correlated

—.12 and -.08 at 1 and 3 years, respectively, with biological mothers’

16PF Neuroticism. Perhaps a genetic tendency toward neuroti-

cism in children leads parents to be less warm and expressive.

Another consistent pattern of results emerged for a measure of

fearfulness. Correlations between biological mothers’ self-reported

fearfulness and adoptive parents’ ratings of FES Traditional Organi-

zation were —.15 at 1 year and -.12 at 3 years, suggesting that

parents exercise less control whentheir children are proneto being

fearful. Possibly relatedto this is the finding that biological mothers’

self-reported depression correlated —.07 and —.11 at 1 and 3 years

with FES Traditional Organization.

Stepping back from these hints of active and reactive GE corre-

lation, the larger picture shows few significant GE correlations

using this method, these measures, and the young ages in the

Colorado Adoption Project. The approach will detect GE correla-

tion only whenthereis a heritable relationship between the phe-

notypeof the biological mother andthat of the adopted child and

whenthereis a relationship between the environmental measure

in the adopted family and the adopted child’s phenotype. Al-

though these appearto be quiterestrictive limitations, they actu-

ally define GE correlation: Genetic differences amongchildren are

correlated with differences in their environments. Onereal limita-

tion in the Colorado Adoption Project is that the genotype of

adopted children needs to be estimated from characteristics of

biological parents. This is a weak index of the adopted child’s

genotype for two reasons. First, parents and offspring arefirst-

degree relatives whose coefficient of genetic relatedness is only

.50. Second,biological parents are adults and the adopted children

are young, which means that changes in genetic effects from

childhood to adulthoodwill also dilute this index of the children’s

genotype. Anotherlimitation is that the environmental measures

yield few strong relationships with children’s phenotypes. GE

correlation will not be detected unless there is a relationship
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between the environmental measureand the adopted child’s phe-
notype in addition to a heritable relationship between the pheno-
type of the biological parents and their adopted-awaychildren.

Nonetheless, taking the data at face value, it appears that pas-
sive GE correlation is a stronger force than reactive and active GE
correlation in terms of mediating the genetic contribution to envi-
ronmental measures. This tentative conclusion is limited to data
from the Colorado Adoption Project, which have been analyzed
only in infancy and early childhood. As discussed in the next
chapter, a developmental theory of genetics and experience pre-
dicts that the reactive and active formsof GE correlation become
more important as children experience environments outside the
family and begin to play a moreactiverole in the selection and
creation of their environments.

Summary

How do measuresof the environment come to show genetic
contribution? These first attempts to search for mediators ofthis
genetic contribution have uncovered someinteresting possibili-
ties. Multivariate genetic analysis can assess the extent to which
covariance between an environmental measure and a behavioral
measure is mediated genetically. Moreover, multivariate genetic
analysis detects genetic sources of covariance dueto any kind of
GE correlation—passive, reactive, or active.

A general hypothesis is beginning to emerge from multivariate
genetic analyses of this type: Phenotypic covariance between an
environmental measureandtraditional trait measuresis typically
due in part, but only in part, to genetic mediation.

This hypothesis has three implications. First, we can speed up
the search for mediators of the genetic contribution to environ-
mental measures by screening behavioral measures for pheno-
typic correlations with the environmental measures. Although a
multivariate genetic analysis is needed to pin downthe extentto
which phenotypic correlations between environmental measures
and trait measures are mediated genetically, so far the phenotypic
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results follow a reasonable pattern. When an environmental mea-

sure and a behavioral measure are both moderately heritable, as

is typically the case, the phenotypic correlation between them is

mediatedin part by genetic factors. Turning this around,it is likely

that a phenotypic correlation between an environmental measure

and a behavioral measure is mediated in part by genetic factors.

An importantcorollary of this point is that predictions of out-

comes from environmental measuresare likely to be mediated in

part genetically. A book could be written aboutthis topic, especially

given its obvious implications for applied issues. Most importantly,

it cannot be assumedthatcorrelations between environmental mea-

sures and measuresof outcomes are mediated entirely by environ-

mental factors. “Outcome” measures are not necessarily causal

outcomes of the environmental measure. For example, correla-

tions between measures of family environment and children’s

development could be dueto genetic rather than environmental

factors, especially when family membersare related genetically.

As mentioned earlier in this chapter, the strategic focus here has

been on genetic correlates of environmental measures. The agnos-

tic word correlate sidesteps the causal arguments about whether

certain measures are antecedents or consequencesof an environ-

mental measure.

Second, to the extent that genetic effects on environmental mea-

sures can be explained by genetically influenced behavioral mea-

sures, this suggests that purer measures of the environment can

be created. That is, environmental measures could be constructed

to be independentof these characteristics of the individual and

thus freed from genetic effects. This can be accomplishedstatisti-

cally by partialling outthe trait, but it will be accomplished better

by constructing environmental measures that do not show genetic

overlap with these characteristics. Success in constructing purer

measures of the environmentwill depend on knowing more about

whycertain traits are genetically related to certain facets of the

environment. The third implication rests on the “but notall”

phrase. In the research on genetic mediators described in this

chapter, it appears that traditional trait measures may not be able

to account for most genetic effects on environmental measures.
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This unexplained genetic contribution may be the mostinterest-
ing, an issue taken up in the next chapter.

Research reviewedin this chapter suggests another, even more
tentative, hypothesis. In addition to multivariate genetic analysis,
which can detect genetic mediation due to passive, reactive, or
active GE correlation, two other genetic analyses were described
that are more limited in scope than multivariate genetic analysis.
Oneof these methods can detect only passive GE correlation and
the otheris limited to reactive and active GE correlation. Thus by
comparingthe results for the three methodsit is possible to sort
out the type of GE correlation responsible for genetic mediation.
This is relevant to understanding the mechanisms by which ge-
netic mediationarises. Thatis, if passive GE correlation is impor-
tant, we need to look toward genetically influenced characteristics
of parents that are correlated both with the environmentthey pro-
vide their children and with genetic influences on their children’s
traits. To the extent that reactive and active GE correlation is in-
volved, we need to consider genetically influenced characteristics
of children to which other people react (reactive GE correlation)
and that lead children toward niche-picking and niche-building
(active GE correlation).

The conclusion that emerges from preliminary workin this vein
is rather surprising. Although reactive and active GE correlation
seem intuitively to be most important in terms of genetic effects
on experience, the initial research described in this chapter sug-
gests that passive GE correlation may be most important.

This conclusion has three implications as well. First, because
passive GEcorrelation involves the effect of receiving correlated
genes and environments from parents, it motivates a search for
parental mediators, notjust child mediators, of genetic effects on
environmental measures. Here our path throughthis newterri-
tory disappears. Traditional trait measures of parents do notap-
pear to be able to accountfor this genetic link. Again, this may
lead to new waysof thinking aboutthe interface between genes
and experience. Francis Galton may have been ontherighttrail
more than a century ago in suggesting that genetically induced
intimacy betweenparent and child might be involved.
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The second implication comes from noting that the evidencefor

passive GEcorrelation rests entirely on research with infants and

young children. The implication is that we need to consider a

prediction from the GE correlation theory of development pro-

posed by Scarr and McCartney (1983). They predict that the im-

pact of passive GE correlation wanesandreactive and active GE

correlation increases in importance during developmentas chil-

dren becomeincreasingly able to modify, select, and create their

environments. This developmental theory of GE correlation is

elaborated in the next chapter.

The third implication comes from the realization that our mea-

sures of the environmentare typically passive measures. If we are

to find reactive and active GE correlations, which seem tolie at

the heart of the genetic interface with experience, we need mea-

sures of the environment that move beyondthe outdated view of

the child as a passive receptacle for environmental deposits to a

reactive view and,especially, to an active view of the child’s role

in experience. These issues are the topic of the next, and last,

chapter.



 

Nature-Nurture and

Experience

his book beganwith a dispute between genet-
icists 40 years ago. Darlington assumed that

genetic factors affect individuals’ selection and creation of envi-
ronments. Dobzhansky and Penrose charged casuistry because
Darlington had no data to back uphis assertion. Chapters 2 and 3
provided the data that Darlington needed: Genetic factors contrib-
ute to many widely used measures of familial and extrafamilial
environments.

What mediatesthe genetic contribution to environmental mea-
sures? Three hypotheses can be drawn from research reviewed in
the previous chapter.First, specific mediators can be found using
multivariate genetic analyses. Second, GE correlation responsible
for this genetic mediation appears to be due primarily to the
passive type of GE correlation rather than the reactive and active
types, at least during early childhood. Third, most of the genetic
contribution to environmental measuresis not explained bytradi-
tional trait measures.

This final chapter begins with a discussion of the second and
third issues. Why does GEcorrelation appear to be passive rather

152
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than reactive and active? What accountsfor the rest of the genetic
contribution to environmental measures? The last part of the

chapter formalizes an emerging theory of genetics and experience.

GE Correlation and Development

It would be surprising if passive GE correlation rather than the

reactive and active types of GE correlation governedthe interface

between nature and nurture. Passive GE correlation is interesting

conceptually, especially for family researchers. For example, Galton’s

hypothesis of genetically induced intimacyis intriguing. How-

ever, the passivity of passive GE correlation is bothersome,as is

the fact that it is limited to interactions amonggenetically related

individuals. Reactive and active types of GE correlation are more

compatible with contemporary viewsof transactions betweenor-

ganism and environment. Moreover, these types of GE correlation

are not limited to family members.

Althoughit may bethecasethat, like it or not, GE correlationis

primarily of the passive type, it seems reasonable to proposethat

reactive and especially active GE correlation become more impor-

tant as children experience environments outside the family and

play a more active role in the selection and creation of their

environments. The evidencethat the genetic contribution to envi-

ronmental measures is due to passive rather than active and

reactive GE correlation rests on adoption analyses of youngchil-

dren. This leaves openthe possibility that active and reactive GE

correlation becomesincreasingly importantlater in development.

This is the developmental theory proposed by Sandra Scarr and

Kathleen McCartneyin 1983 prior to the past decade’s accumulat-

ing evidence for genetic effects on environmental measures:

The relative importance of the three kinds of genotype — environment
effects changes with development. The influence of the passive kind

declines from infancy to adolescence, and the importance of the active
kind increases over the sameperiod. (Scarr & McCartney, 1983, p. 427)
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The expression “genotype > environment”wasusedby Scarr and

McCartneyto signify the developmental processes of GE correla-

tion rather than the quantitative genetic component of variance

called GE correlation. However, the arrow between genotype and

environment conveysa causality that goes beyond the correlation
between genotypes and environment. Although at one pointin
their article Scarr and McCartneyindicated that their theory “im-
plies a probabilistic connection between a person andthe environ-
ment” (p. 428), their theme was that “genes drive experience”(p.
425). The evidence reviewed in this book suggests that genes
contribute to environmental measures, but most of the variance of

these measures is not genetic in origin. In other words, the evi-
dence suggests that genes contribute to but do not determine
experience.

One does not have to agree with the causal interpretation of
genotype — environment in order to appreciate the interesting
developmental features of this theory of GE correlation. Most im-
portantly, the theory makes a straightforward prediction: Greater
evidencefor active GE correlation should be found in adolescence.
The prediction will be testable, for example, as children in the

Colorado Adoption Project, now in middle childhood (DeFrieset
al., in press), reach adolescence.

It is possible that passive GE correlation will loom large, even
in adolescence, as long as we continueto assess the environment

using a passive model in which thechild is a mere receptacle for
the environment—for example, assessing whatparents doto their

children. The emphasis on the active experience of the child is a
component of developmentalists’ long-standing interest in the
child’s role in the back-and-forth of developmental transactions
between the organism and environment(Bell, 1968, 1979; Sameroff

& Chandler, 1975). However, perhaps because this is such a rea-
sonable notion, it jumpedto the status of received wisdom without
much research aimed at actually assessing it. As Harry McGurk
recently noted:

It is one thing, however, to acknowledge the mutuality of parental
effects upon children and children’s effects upon parents. It is quite
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anotherto address the complex conceptual, theoretical, methodolog-
ical and measurementissuesthat arise wheneverthe analysis of such
effects is contemplated. (McGurk, 1992, p. 243)

McGurk’s commentwasin responseto a paper(Russell & Russell,

1992) that resurrects the issue of bidirectionality of effects in

parent-child interactions and attempts to explore the processes

that underlie child effects (albeit without discussing genetics).

Research along these lines will contribute to exploration of the

interface between nature andnurture.Therate-limiting step is the

dearth of measures of the environmentthat go beyondthe passive

model.

Experience

Research reviewedin the previous chapter identified sometraits

that partially mediate the genetic contribution to environmental

measures. However, most of the genetic contribution remains

unexplained by standard psychological traits. Of course, it can

always be argued that the wrong traits have been examined as

candidates, that some “factor X” is the key mediator of genetic

effects on environmental measures. For example, optimism, the

personality moniker for seeing the world through rose-colored

glasses, is a dimension that has only recently been considered in

genetic research. Optimism is heritable (Plomin et al., 1992) and

predicts mental and physical health variables (Seligman, 1991;

Taylor, 1989). For these reasons, optimism is a reasonable candi-

date for mediation of genetic effects on environmental measures,

especially for those measuresthat rely on perceptions of the envi-

ronment. Readers are likely to have their own favorite factor X

candidates.
Although somefactor X may be foundto be the key mediatorof

the genetic contribution for a particular measure of the environment,

a more profoundpossibility is that genetic effects on other psycho-

logical traits cannot explain all genetic effects on environmental

measures. That is, the genetic contribution to environmental
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measures might not just be a matter of contamination by geneti-

cally influencedtraits. Rather, experience itself may be influenced
by genetic factors.

One concrete example is peers. As discussed in Chapter 3,

measures of peer characteristics in adolescence appear to show

greater heritability than measures of family environment. Unlike
parents, peers are seldom imposed on children. Children select
their peers and are selected by them. Children also modify the
characteristics of their peer groups. Could it be that the greater
heritability of characteristics of peer groups is due to the reactive
and active nature of this extrafamilial environmentalfactorthatis
so salient to adolescentlife?

Thesearch for active models of the environment oughtnotto be
limited to such macro-environmentalsocial addresses as peer groups
or middle-class pigeonholes such as ballet lessons. Darlington’s
book wasattacked by Dobzhanskyand Penroseas too determinis-
tic. Specifically, they attacked the idea that genetic factors affect the
environments wechoose: “Doesthe authorreally believe that man
is free to chooseor to create his environment?” (Dobzhansky &
Penrose, 1955, p. 77). Dobzhansky and Penrose meantthat weare

not free to choose the womb in which weare born or the school
that we attend. Children havelittle choice about their embryolog-
ical address or their social address, but the environmentconsists

of more than such macro-environmental social addresses. Chil-
dren are able to chooseor create the micro-environments that form
the bulk of their immediate experience. For example, what do
children see when they look at the corner of a room? Nothing?
White paint? Or an interesting geometric conversion of lines and
angles?

Socially as well as cognitively, children select, modify, and even
create their experiences. Children select environments that are
rewarding orat least comfortable, niche-picking. Children modify
their environments by setting the background tone for interac-
tions, by initiating behavior, and byaltering the impact of envi-
ronments (Buss & Plomin, 1984). Children can make their own
environments. That is, they can create environments compatible
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with their propensities, niche-building. Bright children can use the

stimulus of an empty room to think about the geometric configu-

ration of its corners.

Research on the active selection, modification, and creation of

environments might be fostered by using a word other than envi-

ronment. At least historically, environment connotes events that

impinge on a passive organism, like the stimulus in stimulus-

response theory. The word experience might be helpful conceptu-

ally becauseof its connotation of active involvementof the organ-

ism (McGueet al., 1991). Dictionaries define experience very

differently, but most emphasize two components: apprehensionof

an event and direct participation in an event.

Experience as apprehension of an event connotes cognitive con-

struction, which, as discussed in Chapter1, is a central feature of

O-S-R models of environment. Cognitive constructionist views

have emerged in most areas of psychology. For example, the behav-

ioral geneticist Sandra Scarr (1992) has argued for a constructivist

view in which children’s “constructed realities” importantly deter-

mine their experiences: “In this view, human experience is the

construction of reality, not a property of a physical world that

imparts the same experience to everyone whoencountersit” (Scarr,

1992, p. 5). Decades ago, the personality theorist Henry Murray

emphasized that people construct personal myths to give coher-

ence to their lives (Kluckholm, Murray, & Schneider, 1953). Social

psychology has shifted dramatically toward cognitive construc-

tion (Ross & Nisbett, 1991). The new field of cultural psychology

is based on the proposition that sociocultural environments de-

pend on the meaning people give to them (Shweder, 1990).

Self-report or interview measures of the environment such as

life events or the family environmentare, in a way, Measures of

“apprehension of events.” Are more objective measures of “direct

participation in events” possible? It is much more difficult to study

children’s active use of environments thanit is to assess the environ-

ment to which child is passively exposed.It is not clear to me what

objective measures of active experience would even looklike, al-

though someoftheir formal features are obvious: To studyselection,
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choices must be investigated; to study modification, the target is
changes in environments wrought by children; to study creation of
environments, the focusis children’s use of the environment.
The issues are deeper than those involving appropriate assess-

mentof the environmentin orderto assess children’s active use of
the environment. For example, the hoary issue of motivation

might need to be resurrected. The personality theorist Gordon
Allport (1937) asked, “Whatis it that sets the stream of activity
into motion,that sustainsit until it lapses or changes?” His answer
is that “this is the problem of motivation, and there is no problem
in psychology moredifficult to handle” (p. 110). Allport’s concept
of functional autonomy maybe useful: “A person likes to do what
he can do well” (p. 201). Other cognitive-motivational constructs
may also be useful, such as effectance motivation (White, 1959)
and intrinsic motivation (Hunt, 1965). There are signs of a return

to motivation, for example, in the role of interest in cognitive

development(Renninger, Hidi, & Krapp, 1992).
Bouchard andhis colleagues (Bouchardetal., 1990; Bouchard,

Lykken, Tellegen, & McGue, in press) are developing a motiva-
tional theory called Experience-Producing Drives-Revised (EPD-R).
Theycredit the core construct to Hayes (1962). Usingintelligence as
an example, Hayes proposed that genetic influence “consists of
tendencies to engagein activities conducive to learning, rather than
inherited intellectual capacities, as such. These tendencies are

referred to here as experience-producing drives (EPD’s)” (Hayes,
1962, p. 337). Hayes’s theory postulated multiple drives and a
single general learning capacity. The EPD revision of Bouchardet
al. proposes instead “that what drives behavior and subsequent
experience are mechanisms that involve specialized structural
features of the brain, mechanisms that account for both capacity

and drive” (Bouchardetal., in press).
So far, EPD-R theory has focused on universalfeatures of devel-

opment: “The theoretical pointis that the necessary environments
for bringing most humantraits and skills to a functionallevel are,
as Scarr has argued, widely present and can be readily acquired
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by a motivated child” (Bouchardetal., in press). Although they

suggest that ubiquitous genetic variation could be caused by

constraints on selection of these mechanisms, bridging the gap

betweenspecies-typical and species-variable genetic influencesis

difficult, as discussed in Chapter 1 in relation to the selection

versus instruction debate. Also, a critic might carp that the use of

the word drive merely gives a name to what we do not know and

seems to connote something suspiciously similar to the even hoar-

ier wordinstinct. Still, I find the theory’s emphasis on motivation

thought provoking. Also, like other positions mentioned in this

section, the theory emphasizes that “human beingscreate their

own environments and thus control, to some extent, their own

experiences” (Bouchardetal., in press).

A Theory of Genetics and Experience

To a child with a new hammer, everything lookslike a nail.I

admit to looking at the world of the nature-nurture hyphen from

one particular perspective. My excuseis that it has been useful in

the history of science for a proponent to take a new conceptasfar

as it will go, knowingthat, especially in the arena of behavioral

genetics, there is never a dearth of critics whose own hammersare

at the ready to ensure that one doesnotgo toofar. The goalof this

section is to be explicit about the theory of genetics and experience

that has emergedin this book.

The word theory is used here to connote a system to describe,

predict, and explain these nature-nurture phenomena.Atthe least, a

theory should describe, organize, and condenseexisting facts in a

reasonable, internally consistent manner. A theory should also

makepredictions concerning phenomenanotyet investigated and

allow cleartests of these predictions. At their best, theories explain

phenomenaaswell as describe and predict them.

The following seven hypotheses represent an empirically based

theory of genetics and experience meantto be testable andfalsifiable.
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1. GENETIC DIFFERENCES AMONG INDIVIDUALS

CONTRIBUTE TO MEASURES OF THE ENVIRONMENT

The empirical foundation for this book is the research reviewed
in Chapters 2 and 3, which make the case that widely used

measures of the environment show significant and substantial

genetic effects. Genetic effects emerge from adoption as well as twin

studies, from child-based as well as parent-based genetic designs,
from research employing observationsas well as self-reports, and
from research on extrafamilial environments as well as familial

environments.

This hypothesis does not imply that all measures of the environ-
ment show genetic effects or that all of the variance of environ-
mental measures is genetic in origin. For example, the research
reviewed in Chapter 2 suggests that measures of parental control
in child-based genetic designs show lowerheritability than other
measuresof parenting. Moreover, the research reviewed in Chap-
ters 2 and 3 clearly shows that mostof the variance in environmen-
tal measuresis not genetic in origin. However, it is not news that
environmental measures show someenvironmental influence. The
newsis that widely used environmental measures showsignifi-
cant genetic effects. Another issue should be emphasized: Re-
search on the genetics of experience, as in any genetic research on
complex dimensionsand disorders, does not imply genetic deter-
minism. It refers to probabilistic propensities rather than prede-
termined programming.

The main implication of this finding for developmentalists is
that environmental measures cannot be assumedto be environ-
mental just becausethey are called environmental. To the contrary,
research to date suggests that it is safer to assume that ostensible
measures of the environment includegenetic effects. Research on
environmental influences, especially research in families consist-
ing of genetically related individuals, will profit from using genet-
ically sensitive designs in order to disentangle environmental and

genetic threadsin the fabric of family life.
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2. THE GENETIC CONTRIBUTION TO
MEASURES OF THE ENVIRONMENTIS
GREATER FOR MEASURESOF ACTIVE EXPERIENCE

As discussed in Chapter 1, environmental theory has moved
away from passive (“stimulus”) models to active (“organism-
stimulus-response,” O-S-R) models that recognize the active role
of children in selecting, modifying, and creating their own envi-
ronments. Nonetheless, extant environmental measures are much

more passive thanactive. Although manyof these measuresof the
environmentas stimulus show genetic influence, it seems reason-

able to predict that O-S-R measureswill show greater genetic influ-
ence. As mentioned earlier in this chapter, the strong genetic
influence on characteristics of children’s peer groups mightreflect
children’s ability to select their peers, in contrastto their ability to
select their parents or siblings. A more obvious example comes
from research on life events reviewed in Chapter 3. Items on
measuresoflife events for which the individual has greater con-
trol show greater genetic influence. The evidence for this hypoth-
esis is admittedly weak, but the reasonfor this is that measuresof
the environmentarestill largely passive in their orientation de-
spite the clear advance of environmental theory toward more
active models.

3. THE GENETIC CONTRIBUTION TO MEASURES OF THE
ENVIRONMENTIS DUE IN PART TO PSYCHOLOGICAL TRAITS

Multivariate genetic research indicates that some genetic effects
on measures of the environment can be explained by genetic
effects on psychological traits such as personality, psychopathol-
ogy, and cognitive abilities. Just as finding some genetic contribu-
tion to environmental measures does not imply that genetic factors
explainall of the variance of these measures, finding some genetic
contribution to the covariance between environmental measures and
behavioraltraits does not imply thatall of the covarianceis genetic
in origin. It should be reiterated that environmental measures,
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even those with a significant genetic contribution, can of course

be associated with behavioral measures environmentally, not genet-

ically. Documenting environmental contributionsto this covariance

is critically important for environmental research on prediction,

prevention, and intervention. The book focuses on the genetic

contribution to this covariance becauseof the light it sheds on

behavioral characteristics that might mediate the genetic role in

environmental measures.

The main implication of this finding for behavioral geneticists

is that genetic research on behavioraltraits can gain a new dimen-

sion by including measures of the environment. Multivariate ge-

netic analyses can then be conducted that investigate the extent to

which behavioral traits mediate the genetic contribution to envi-

ronmental measures. For developmentalists, the main implication

is that purer measures of the environment could be created by

constructing environmental measures independentof these genet-

ically influenced characteristics.

The phrase in part in this hypothesis is the crux of the next

hypothesis.

4. GENETIC DIFFERENCES AMONG INDIVIDUALS

CONTRIBUTE TO DIFFERENCES IN EXPERIENCE

INDEPENDENT OF PSYCHOLOGICAL TRAITS

Multivariate genetic analyses suggest that some genetic effects

on measures of the environment cannot be explained by genetic

effects on psychological traits. The evidence for this hypothesis is

weak becausethe hypothesis asserts the null hypothesis. Thatis,

it is always possible to argue that someas yet unstudied factor X

might eventually explain the genetic contribution to measures of

the environment. Nonetheless, the evidence as it stands supports

the hypothesis. The hypothesis warrants attention becauseofits

interesting implications. Genetic effects on environmental mea-

sures may be more than a matter of mediation by genetically

influenced psychological traits: Experience itself, how weinteract

with our environments, maybe influenced by genetic factors.
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5. GENETIC FACTORS CONTRIBUTE TO LINKS BETWEEN
ENVIRONMENTAL MEASURES AND DEVELOPMENTAL OUTCOMES

Given that environmental measures as well as outcome mea-
sures show genetic effects, it seems reasonable that links between

environmental measures and developmental outcomes may be
mediated genetically. Of course, even if genetic factors contribute
substantially to an environmental measure, the measure could

nonetheless relate to an outcomesolely for environmental reasons.
Multivariate genetic analyses of the covariance between environ-
mental measures and outcome measuresare neededto disentangle
genetic and environmental coniributions to the covariance. Multivar-
late genetic research reviewed in the preceding chapter provides
examples of such genetic mediation. For example, genetic factors
have been implicated in the relationship between home environ-
ment and children’s later development and between life events
and later depression. This research was discussed in terms of ge-
netic correlates of environmental measures, using the agnostic word
correlate to sidestep causal arguments about whether “outcome” mea-
suresare truly causal consequences of an environmental measure.

6. PROCESSES UNDERLYING GENETIC CONTRIBUTIONS
TO EXPERIENCE CHANGE DURING DEVELOPMENT

Passive genotype-environment(GE) correlation appears to be
surprisingly powerful in infancy and childhood,at least for the sorts
of family environmental measures currently available. Scarr’s theory
suggests that, by adolescence, passive GE correlation diminishes and
active GE correlation increases in importanceas children select their
own experiences. Progress in understandingthis shift from passive to
active GE correlation—indeed,progress for the entirefield of genetics
and experience—depends on developing measures of children’s
active selection, modification, and creation of experience.

7. SPECIFIC GENES THAT AFFECT EXPERIENCE
WILL BE IDENTIFIED

This last hypothesis has not been mentioned previously in
this book because thereis as yet no evidence to supportit. The
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breathtaking advances in molecular genetics during the past two

decades have madeit possible to begin to identify some of the

manygeneslikely to be responsible for genetic variance in com-

plex traits (Plomin, 1990b, 1993). Genetic research on experience

will be revolutionized as we begin to replace anonymous compo-

nents of variance assessed indirectly from twin and adoption

studies with specific DNA assessed directly in individuals. In

addition to identifying genes responsible for genetic variance in

complex behavioral traits, the same approach can beapplied to

finding genes responsible for genetic variance in environmental

measures. The long-term goalis to identify a set of DNA markers

of genes that accounts for a substantial portion of the genetic

variance for a particular measure of the environment.

This revolution will rewrite the six preceding hypotheses in

termsof specific genes:

1. Specific genes will be identified that are associated with measures of

the environment.

2. These genes are mostlikely to be found in association with measures

of active experience rather than passive environments.

3. These geneswill in part be associated with psychologicaltraits.

p> . These geneswill in part be independent of psychologicaltraits.

5. Genes associated with environmental measures will also be associ-

ated with outcome measures.

6. Geneswill be identified that are associated with passive aspects of

the environmentin childhood, butlater in development genes will

be increasingly associated with active experience.

Identifying specific genes associated with measuresof the envi-

ronmentwill provide indisputable evidence of genetic effects on

measuresof the environment. It will also simplify several issues

raised in this book. Three examples follow. First is the question

raised in Chapter 2 whetherfinding greater MZ than DZ correla-

tions for environmental measures should be interpreted as evi-

denceof genetic effects or as a violation of the equal environments

assumption of the twin method. The decision wasthat such results

represent GE correlation and are therefore not a violation of the

equal environments assumption.If a specific gene were found to be



parents (parent-based genetic design). Consider a measure of par-
ental perceptions of their affection toward their children. What
would it mean if a specific gene were foundto be associated with
this measure using a child-based genetic design as comparedto a
parent-based genetic design? If such a gene-environmentassocia-
tion were identified, the issue simply comes downto the question,
whose geneis it? In the child-based design,it is the child’s gene.
The association of this gene in the child with parental perceptions
of affection must be explained by gene-influenced characteristics
of the child. For example, genetic effects on attributional processes
of the parent cannot be involved except for a circuitous path
involving passive GEcorrelation. In contrast, in a parent-based
design, the gene identified is the parent’s. This gene could be
related to any genetically influenced characteristic of the parent
including attributional processes involvedin their perception.
A third example involves the research strategies used to detect

the three types of GE correlation—passive, reactive, and active—
as discussed in Chapter 4. If a specific gene were found to be
associated with an environmental measure, which type of GE
correlation would be responsible? Finding associations with spe-
cific genes is analogous to multivariate genetic analyses, in that
such association can detect GE correlation of any type. However,
gene-environment association can disentangle passive GE corre-
lation from reactive and active GE correlation using the measured
passive GE correlation design.In this case, the word measured refers
both to the G and the E of GE correlation. If a gene-environment
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und for a measure of the family environment

this gene-environment association could

s reactive OF active GE correlation.

‘ation also emerged in adoptive families, it

orrelation because adopted chil-

dren do notinherit genes passively correlated with environments

from their adoptive parents. Such an association in adoptive fam-

‘lies must be attributed to reactive and active GE correlation.

Adoptive parents might respond to characteristics of their

adopted children associated with this gene (reactive GE correla-

tion). Gene-associated characteristics of the adopted children may

want(active GE correlation).

This theory of genetics and experience meets the criteria of a

theory described earlier. In addition, falsifiability is crucial and

the theory meets this criterion as well. Each of the seven hypoth-

eses can be proven wrong. The first hypothesis that posits a

genetic contribution to environmental measuresis unlikely to be

completely wrong becauseof the consistent evidence that has accu-

mulated in its favor. Still, these are early days in this new field. The

generality of the hypothesis may prove to be more limited than current

evidence suggestsif future studies do not continueto find evidence

for genetic contributions to other measures of the environment.

Someresearch can be construed as compatible with the second

hypothesis—that active measures of experience will show greater

genetic influence than passive measures of the environment. How-

ever, extant environmental measuresare largely of the passive

variety. Until ways to assess children’s active role in selecting,

modifying, and creating their environments are developed,this

hypothesis will be difficult to test. Still, development of such

measuresof active experience should be the highest item on the

environmentalresearch agenda, not only to test this hypothesis,

but to bring the empirical base of environmentalresearchin line

with modern environmentaltheory, as discussed in Chapter 1.

The third hypothesis—that some of the genetic contribution to

environmental measurescan be attributed to psychological traits—

seems unlikely to be proven wrongbecauseit is so reasonable and



The fourth hypothesis is and will remain weaker becauseitattempts to assert the null hypothesis that some genetic effects on
environmental measures are independentof that for psychologi-
cal traits. Nonetheless, the hypothesis is warranted by the far-
reaching implication it conveys: Some genetic effects are unique
to experienceitself. It is a legitimate counterargument that some
other previously unexaminedtrait might be found that explains
genetic effects on a particular environmental measure. However,

an environmental measure covaries with a trait measureora set
of trait measures.

Thefifth hypothesis, that genetic factors in part mediateassoci-
ations between environmental measures and outcome measures,
has received someresearch support.It also follows from the find-
ing that environmental measures as well as outcome measures
show genetic effects. If both environmental and outcome mea-
sures are influenced genetically, associations between environ-
mental measures and outcome measurescan be mediatedin part
by genetic factors. However, because environmental measures
and outcome measuresare only partially influenced genetically,
their association could be due to nongenetic influences. This hy-
pothesis can be proven wrong by multivariate genetic research
that showsthat phenotypic associations between environmental
measures and outcome measuresare not mediated genetically.
The sixth hypothesis—that passive GEcorrelation gives way to

active GE correlation during development—receivesindirect sup-
port from the strong showingof passive GEcorrelation in child-
hood. However, despite the reasonableness of Scarr’s hypothesis,
it has not yet been shown that active GE correlation becomes
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easingly importantafter adolescence. Although adoption de-

isentangle passive, reactive, and active GE

hesis can be tested, for example, as children

Project reach adolescence.

incr

signs are neededto d

correlation, this hypot

in the longitudinal Colorado Adoption

Moreover, the hypothesis can be explored preliminarily in nonge-

netic designs by assessing passive, reactive, and active aspects of

experience and investigating their relationship with child charac-

teristics during development.

Thereis as yet no evidence in support of the seventh hypothesis

that specific genes associated with experience can be identified.

The burdenofproof clearly rests with people like me whobelieve

that molecular genetics will revolutionize quantitative genetic

research on complex phenomena, of which the interface between

genetics and experience may be the most complex.

Even if some of these hypotheses are shownto be wrong, there

can belittle doubt that further exploration of the nature-nurture

hyphen will provide interesting insights into the developmental

processes by which genotypes become phenotypes.
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