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Preface

 

Although dramatic life transitions occur during middle childhood, surprisingly little
is known about the origins of individual differences in behavioral development at
this age. The goal of this book is to contribute toward a better understanding of
individual differences during this important developmental epoch. First, we review
whatlittle is known about the genetic and environmental provenances of develop-
ment in middle childhood. Then, we attemptto fill in some of the gaping holes in
our knowledge with new behavioral genetic results obtained from a large-scale,
longitudinal study, the Colorado Adoption Project (CAP).
Beginning in 1975, CAP investigators studied the children, parents (including the

biological parents of the adopted-away children), and home environments of 245
adoptive families and 245 matched nonadoptive families when the children (and
their younger siblings) were 1, 2, 3, and 4 years of age. The children were studied
in the laboratory at 7 years of age, and were administered telephone tests and
interviews at 9 and 10 years. Questionnaire data were collected at 5, 6, and 8 years.
The CAP design facilitates analyses of genetic and environmental influences in
development via both parent—offspring and sibling comparisons. The parent—
offspring comparisons include “genetic” parents (biological parents and their
adopted-awayoffspring), “environmental” parents (adoptive parents and their adopted
children), and “genetic-plus-environmental” parents (nonadoptive parents and their
children). The sibling design includes nonadoptive siblings (biological siblings
reared together in nonadoptive families) and adoptive siblings (genetically unrelated
children reared in the same adoptive homes). This dual parent—offspring and sibling
adoption design, combined with its longitudinal and multivariate assessments, makes
the CAP uniquely suited to broach issues of nature and nurture in development.
This is the third in a projected five-book series describing the CAPresults. The

first two books presented results in infancy (Plomin & DeFries, 1985) and early
childhood (Plomin, DeFries, & Fulker, 1988). A fourth book is planned for early
adolescence, when complete CAPresults at 9 and 10 years and newresults at 11





Preface xixeee

7, and 13-16 years of age (HD-10333 and HD-18426). Beginning in 1988, the
testing of CAP children during early adolescence has been supported by a grant
from the National Institute of Mental Health (MH-43899). Since 1978, the National
Science Foundation has awarded grants (BNS-7826204, BNS-8200310, BNS-
8505692, BNS-8643938, BNS-8806589, and BNS-9108744) that enabled us to assess
mother—child and sibling interactions. The CAP was launched in 1976 with the aid
of funds from the University of Colorado’s Biomedical Research Support Grant and
a small grant from the National Institute of Mental Health (MH-28076). The
William T. Grant Foundation supported the project during 1976-1979, and
launched the testing of CAP children at 7 years of age in 1983. The Spencer
Foundation provided support from 1982 to 1984 for the purpose of testing younger
adopted and nonadopted siblings of the probands at 5 and 7 months of age, and
from 1985 to 1988 for the extension of CAP testing into early adolescence. Finally,
our research and thinking about nature and nurture during childhood has profited
immensely from our participation in the Early Childhood Transitions Research
Network of the John D. and Catherine T. MacArthur Foundation. The research
reported in Chapter 6 was also supported by grants from NSF (BNS-7826202) and
NICHD (HD-19802). Lee Anne Thompson was supported by NICHDtraining
grant HD-07289 during data collection and by HD-21947 and MH-46512 while the
chapter was written. Stephen A. Petrill and Sally J. Wadsworth were supported by
NICHD and NIMHtraining grants HD-07176 and MH-16880, respectively.
Wededicate this book to the memory of Steven G. Vandenberg, who died on

August 27, 1992. Professor Vandenberg, our beloved colleague at the Institute for
Behavioral Genetics, contributed generously to the planning of CAP. Before coming
to the University of Colorado in 1967, he served as director of the other major
longitudinal behavioral genetic study of development, the Louisville Twin Study.
In 1970, he and the senior author of this book co-founded the journal, Behavior
Genetics. His prolific writings and seminal twin studies, dating back to the 1950s,
support our designation of Professor Vandenberg as the father of the modernera of
human behavioral genetics.



1 Nature and Nurture in

Middle Childhood

 

Middle childhood is the stage during which children begin to adapt to life outside
the family, especially to the multifaceted demandsof school and relationships with

peers. Major developmental shifts occur. Most notably, cognitive reorganization is

marked by the emergence of concrete operations. Dramatic changes also occur in

children’s social cognitions and interpersonal behavior. Parents, teachers, and peers

have increased expectations regarding social behavior, affect regulation, and self-

control. Moreover, behavioral problems at this age begin to be predictive of later

psychopathology.

In recent testimony before the US House and Senate Appropriations Committees,
Alan Kraut, Executive Director of the American Psychological Society, noted the

paucity of research pertaining to middle childhoodas follows:

...many problems of adolescence and young adulthood — problems of school dropouts,

unwanted pregnancies, gangs, alcohol and drug abuse, and AIDS, amongothers — havetheir

roots in the middle childhood years. We need to know about the development of a whole

series of middle childhood skills dealing with decision making, resolving conflicts, fighting

off peer pressure, building self-confidence, and manyothers, including traditional academic

functioning, if we are to legitimately address these problems. The middle childhood years — 5
to 1] — are just those least understood by our nation’s developmental researchers. (1992, p. 7)

Because middle childhood is such an interesting and important developmental
period,it is surprising that so little research has focused on it. The purpose of this
chapter is to provide an overview of previous behavioral genetics research during
middle childhood. We begin with the domains that have been studied most
throughout the life-span: cognitive abilities, personality, and psychopathology. Next
we mention other domains of middle childhood that are explored for the first time
in the Colorado Adoption Project (CAP). Finally, in the last part of the chapter we
discuss developmental, multivariate, and environmental analyses which are the foci
of several chapters in this volume.
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Other Domains

Next to nothing was known prior to the CAP about other domains of development
in middle childhood such as school achievement, speech and language disorders,
interests, change in body size and risk of obesity, motor development, self-

competence and confidence, and family relationships. Each of these areas in middle

childhood is addressed for the first time by a chapter in this volume.

Other Analyses

The truism that both genes and environment are required for development does

little to describe or explain behavior. In contrast, assessing the etiology of individual

differences provides an importantfirst step toward the understanding of behavioral

development. For example, genetic differences among children may not contribute

importantly to individual differences for some observed or measured characters.

Although examples of this are difficult to find, individual differences in neonatal

temperament appear to be due primarily to nongenetic influences (Riese, 1990).

Alternatively, it is possible that genetic differences can be largely responsible for

observed differences. This is the case for height, for which heritability is very high;

at least 80%. However, individual differences in the vast majority of behavioral

phenotypes are due substantially to both genetic and environmental influences. As

indicated in the foregoing review, this conclusion applies to the three major domains

that have been investigated most thoroughly in adulthood — cognitive abilities,

personality, and psychopathology — and it is likely that this conclusion will also

apply to middle childhood.

Although assessing the genetic and environmental etiologies of individual dif-

ferences is an important first step in the analysis of behavioral development, it is

only a first step. Developmental, multivariate, and more detailed environmental

analyses are important further steps.

Developmental analysis

The earliest studies of twins were explicitly developmental. For example, the first

study of twins, reported by Francis Galton in 1876, investigated whether twins

became more or less similar during development. A renascence of this develop-

mental perspective in behavioral genetic research has occurred in recentyears.

Two major types of developmental questions can be asked. First, do genetic and
environmental components of variance change in their relative magnitude? For
example, does heritability — the portion of phenotypic variance that can be ascribed

to genetic influences — change with development? It is generally assumed atleast
implicitly — and explicitly in the former Soviet Union (Mangan, 1982) — that
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Alternatively, parental behavior might reflect some characteristics of their children.

About a dozen previous genetic analyses of environmental measures, including a

recent study focused on this issue (Plomin, Reiss, Hetherington, & Howe,in press),

document ubiquitous genetic influence on ostensible measures of family environ-

ment. Results of these studies suggest two general questions for future develop-

mental research (Plomin & Neiderhiser, 1992). First, what are the mechanisms by

which heredity affects measures of the environment? Second,if genetics contributes

to environmental measures as well as to developmental outcomes,is it possible that

associations between environmental measures and developmental outcomes are

mediated genetically? This second question lies at the heart of the interface between

nature and nurture: The waysin which people interact with their environment, their

experiences, may be influenced by genetic differences.

Several chapters in this volume report the results of environmental analyses of

CAP data during middle childhood. Chapter 15 attempts to identify specific sources

of nonshared environment. Chapter 17 examines genetic influences on “environ-

mental” measures used in the CAP from infancy to middle childhood and also

investigates the etiology of correlations between these measures and antecedent and

contemporaneous measures of temperament. Chapter 18 assesses genetic contribu-

tions to longitudinal relationships between early environment and outcomes in

middle childhood. Genetic mediation of associations between home environment

and general cognitive ability is the focus of Chapter 19. Finally, Chapter 20

addresses issues of genotype—environmentinteraction and correlation.

In the following chapter, the history of the CAP will be reviewed andits design and

sample will be characterized.
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Just 20 years ago, the social and behavioral sciences were beginning to awaken
from decades of environmentalism; however, these stirrings did not lead to a
welcoming embrace for the nascent field of human behavioral genetics. The intem-
perate response to Arthur Jensen’s 1969 paper, which had broached the topic of
genetic differences between ethnic groups, tarred genetic research on individual
differences with the same brush and nearly led to its demise. Criticism of genetic
research on individual differences then began to focus on alleged fakery in Sir Cyril
Burt’s twin research on intelligence (Kamin, 1974), leading to an apparently au-
thoritative indictment by a respected historian (Hearnshaw, 1979). Although that
indictment is now being questioned (Fletcher, 1990; Joynson, 1989), the attempts
to denigrate earlier research in behavioral genetics paradoxically had positive effect
on the field. Instead of arguing that the case had already been made for the im-
portance of heredity in behavioral development, behavioral geneticists designed and
initiated new studies that could address issues of nature and nurture more
definitively.

The Colorado Adoption Project (CAP) was conceived by Robert Plomin and John
C. DeFries during this turmoil of the early 1970s. Our colleague, Steven G.
Vandenberg, to whom this book is dedicated, participated in its planning. In 1980,
David W. Fulker began a collaborative analysis of the early CAP data; then, after
joining the faculty of the Institute for Behavioral Genetics, University of Colorado,
in 1983, he became a CAP co-investigator.
The purpose of this chapter is to provide an overview of the CAP,includingits

design, sample, and measures. More details about these topics can be found in
previous CAP books on infancy (Plomin & DeFries, 1985) and early childhood
(Plomin, DeFries, & Fulker, 1988).







Initially, additional visits were made to CAP families with siblings in order to

observe sibling and mother-sibling interactions when the younger siblings were 4

years old. A second visit occurred about three years later, and subsequent interviews

are currently being obtained 6, 7, and 8 years after the first sibling visit. Chapters

15 and 16 present someof the results from this project.

As we had anticipated (DeFries, 1975), the CAP was begun just in time. The

sexual revolution of the 1960s had resulted in unprecedented numbers of babies

relinquished for adoption; however, during the early 1970s, the availability of

contraceptives, legalized abortions, and an increase in the number of unmarried

mothers who kepttheir children combined to lowerdrastically the number of infants

available for adoption (Sklar & Berkov, 1974). The decrease was most dramatic for

Caucasian neonates, the primary group of adoptees in the Rocky Mountain area,

with yearly declines of about 25%from 1970 to 1973. Thus, it would be nearly

impossible to begin such a study again, at least in the United States.

Our goal was to include 250 adoptive families and 250 nonadoptive families. Our

design required a large sample for three reasons. Most importantly, quantitative

genetic analyses are based on correlations or covariances of relatives (for example,

parent-offspring correlations in nonadoptive and adoptive families), and such

comparisons entail large standard errors. Adequate power to detect reasonable

parameter estimates thus requires large samples. Second, our long-term goal was to

continue to study the CAP sample until the children had reached 16 years of age,

when they could be administered exactly the same battery of tests that their

parents took before they were born. Thus,it was critical that the foundation sample

be able to sustain two decades of inexorable attrition, and yet provide an adequate

final sample. Third, it was necessary that the foundation sample be large enough to

yield adequate numbersofsibling pairs in both the adoptive and the nonadoptive

families.

Sample

In 1974, we began working with the two largest adoption agencies in the Rocky

Mountain region, Lutheran Social Services of Colorado and Denver Catholic

Community Services. Testing of biological parents began in 1975 and the first

adopted children were studied at | year of age in 1976. Biological mothers and about

20% of the biological fathers were tested before they relinquished their children

for adoption, typically during the last trimester of pregnancy. After their release

from the hospital, the infants were taken to a foster home for about four weeks

until the legal requirements concerning relinquishmentwere fulfilled. The children

were then placed in their adoptive homes, at the average age of 29 days. The

adoptive parents of these adopted-away children were recruited to participate in the

study after the adoption was finalized, when the child was about 7 months old on

average.

Hospital birth records and subsequent telephone interviews were employed to

select nonadoptive parents who matched the adoptive families for five criteria: sex
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Measures

The adoptive and nonadoptive probands and their younger siblings are tested in

their homes at 1, 2, 3, and 4 years of age. The children are tested in the laboratory

at 7, 12, and 16 years. Telephonetesting and interviews are conducted at 9, 10, 11,

13, 14, and 15 years, and some questionnaire information is collected during the

other years (5, 6, and 8). Procedures and measures are described in previous CAP

books for testing of parents, and for assessing home environments and offspring at

1 and 2 years (Plomin & DeFries, 1985) and during early childhood at 3 and 4 years

(Plomin et al., 1988). These measures will be reviewed very briefly. The present

analyses focus on middle childhood, from 7 to 10 years. Measures employed in the

laboratory visit at 7 years and in the telephone interviewsandtests at 9 and 10 years

will be described in greater detail.

The breadth of measures in the CAP wasthe result of a feeling of responsibility

for creating a unique resource of longitudinal data on behavioral development.

Because it is highly unlikely that such a study could again be accomplished in the

United States, we have attempted to collect as much valid and reliable data as

possible during relatively short testing periods.

Parental measures ,

The CAP biological, adoptive, and nonadoptive parents completed a 3-hourtest
battery that assesses general and specific cognitive abilities, personality, interests
and talents, common behavioral problems, commonly used drugs, and miscellaneous
information.

Cognitive abilities Thirteen tests were employed from the Hawaii Family Study
of Cognition (DeFries et al., 1974). The tests yield a median internal reliability
of .86 and a mediantest-retest reliability of .80. The scores were adjusted for age,
age squared, and gender separately for each group of parents because ageis sig-
nificantly related to cognitive scores and is confounded with parental type; i.e., the
biological parents are on average 12 years younger than the adoptive and nonadop-
tive parents. A first unrotated principal component is used as an index of general

cognitive ability. Varimax rotation following a principal-components analysis yields
four factors accounting for 61%of the total variance. The four specific cognitive

abilities factors represent Verbal ability, Spatial ability, Perceptual Speed, and

Memory. The battery yields a highly congruent factor structure across the three

parental types.

Personality ‘Two self-report measures were used to assess personality. Form A of

Cattell’s Sixteen Personality Factor Questionnaire (16PF: Cattell, Eber, & Tatsuo-

ka, 1970) yields 16 primary scales, and second-order factors that include Extra-

version and Neuroticism. An adaptation of a temperament survey developed by





16 The Colorado Adoption Project

 

Personality A multi-method strategy has been employedto assess personality using

information from testers, parents, and videotaped observations. The Infant Behavior

Record (IBR: Bayley, 1969) was used to rate children’s behavior during administra-

tion of the mental tests at 1 and 2 years of age. At 3 and 4, a revised version of

the IBR was employed. Factors are scored for Affect-Extraversion, Task Orienta-

tion, and Activity as suggested by Matheny (1980). Test-retest reliabilities for these

three scales at 1 year were .76 for Affect-Extraversion and .60 for Task Orientation,

but only .06 for Activity. IBR scales at 3 years yielded test-retest reliabilities from

50 to .75.

The Colorado Childhood Temperament Inventory (CCTI: Rowe & Plomin, 1977)

was also administered at each age. The CCTI is a parental rating instrumentthatis

an amalgamation of the EAS temperament dimensions (Buss & Plomin, 1975, 1984)

and the nine dimensions of temperament postulated in the New York Longitudinal

Study (Chess & Thomas, 1984). Average ratings of mothers and fathers are used at

1, 2, and 3 years of age to improve the reliability of the ratings; at 4, mothers’

ratings are used because fathers were not asked to complete the CCTIat 4 years.
The same six scales are constructed from each year’s data: Emotionality, Activity,
Sociability, Attention Span, Reactions to Foods, and Soothability. The median
alpha reliability of the six scales is .80, and the median 1-week test-retest reliability
is .66 for l1-year-olds in the CAP.

Interests At 1, 2, and 3 years, mothers were interviewed concerning their children’s
liking of objects classified as gross motor, fine motor, and musical objects. At age
4, scales of interests and talents were used that were more similar to those obtained
for the parents.

Behavioral problems Common developmental problems were assessed by parental
ratings on a dimension of difficult temperament (Daniels, Plomin, & Greenhalgh,
1984) as well as ratings of specific problems such as sleeping, eating, and elimina-
tion at 1, 2, and 3 years. At 4, the parental rating version of the Child Behavior
Checklist (CBCL: Achenbach & Edelbrock, 1983) was added to the CAPbattery in
order to include a standard measure of behavioral problems. The CBCL consists of
118 3-point items that are scored on two second-order factors, Internalizing and
Externalizing, and a total score. The second-order factors and total score yield
l-week test-retest reliabilities of .88, .95, and .92, respectively, for a sample of
children 4 and 5 years ofage.

Motor development Motor developmentwasassessed at 1 and 2 years by the Bayley
Motor Scale (Bayley, 1969) and at 3 years using an extension of the Bayley Motor
Scale developed by the CAPstaff. At 3, factor analysis suggested separate factors of
fine motor skills such as drawing and throwing, and gross motor skills such as
walking on tiptoe and standing on onefoot.

Miscellaneous measures Perinatal information, health, height and weight, and hand-
edness were also assessed. Adoptees’ perinatal information was obtained from the
adoption agency files and includes gestational age and birth weight; similar
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information was obtained from nonadoptive mothers. Major health-related aspects
of development were assessed during a 10-minute interview with the parent and via
a form that was completed by the child’s pediatrician. A simple rating of general
health yielded a test-retest reliability of .55 at 1 year and .73 at 3 years. Height and
weight were also assessed each year; test-retest reliabilities for height and weightare
-94 and .96 at 1 year, respectively, and .92 and .90 at 3 years.

Finally, videotapes at 1 and 2 years were used to rate relative and absolute
strength of hand preference (Rice, Plomin, & DeFries, 1984). Also at 3 years, testers
recorded hand preference during the testing of motor development, a scale that
ylelds a .78 test-retest reliability.

Environmental measures

The inclusion of measures of specific environmental factors within a longitudinal
adoption design facilitates novel approaches to the analysis of environmental in-
fluences. The CAP includes two measures of the home environment, the Home
Observation for Measurement of the Environment (HOME) and the Family
Environment Scale (FES) questionnaire.

Home Observation for Measurement of the Environment The HOME(Caldwell &
Bradley, 1978) uses observation and interview to assess characteristics of the home
environmentrelated to cognitive development of infants. The instrument, designed
primarily for use in lower-class families, was made more sensitive to variation in
middle-class homes in the CAP by extending the HOMEdichotomousscoring to a
quantitative scoring system which had greater stability (Plomin & DeFries, 1985).
Although the HOMEistraditionally scored for a total scale and six subscales, most
CAPanalyses are based on somewhatdifferent scales derived from factor analysis
of the quantitatively scored items. These scales include a composite measure (the
unrotated principal component) representing a general HOMEfactor, and four
subscales derived from rotated factors: Maternal Involvement, Encouraging Devel-
opmental Advance, Restriction—Punishment, and Toys. Thetest-retest reliability at
1 year for the HOMEgeneralfactor is .86; the reliabilities of the four subscales are
.74, .79, .69, and .84, respectively. In the CAP, the HOMEwas extended for use at
3 and 4 years (Plomin et al., 1988). At 3, a general factor yielded a test-retest
reliability of .79, although reliabilities of three subscales based on rotated factors
were mixed: .63 for Maternal Involvement, .43 for Encouraging Developmental
Advance, and .92 for Toys. At 4 years, only two rotated factors emerged, Maternal
Involvement and Toys.

Family Environment Scale The FES (Moos & Moos, 1981) is a 90-item self-
report questionnaire that was completed by both mothers and fathers when the
children were | and 3 years old. In the CAP, wealtered the FES from a true—false
format to a 5-point rating scale and used an average rating for the two parents.
The items were scored on 10 scales, generally confirmed in CAP factor ana-
lyses: Cohesion, Expressiveness, Conflict, Independence, Achievement Orientation,
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Intellectual—Cultural Orientation, Active—Recreational Orientation, Moral—Religious

Emphasis, Organization, and Control. Factor analysis of the 10 scales yielded

two major second-order factors. One, which we labeled Traditional Organiza-

tion, includes Organization, Control, and Moral-Religious Emphasis. The other,

which we refer to as Personal Growth, is defined primarily by Cohesion and

Expressiveness, although loadings above .30 also occurred for low Conflict, Inde-

pendence, Intellectual—Cultural Orientation, and Active—Recreational Orientation.

These two factors are reminiscent of the two major dimensions of childrearing

typically seen in the literature: control and warmth. Test-retest reliabilities of factor

scores for these two dimensions were .97 and .89 when the CAP children were |

year old.

Physical environment In addition to the HOMEand FES measures, which emphas-

ize the social environment of the family, aspects of the physical environment were

also assessed. These heterogeneous items, such as rooms per person and noise,

were organized into three categories as suggested by Gottfried (1984): variety of

experience, provision for exploration, and physical homesetting. The three scales

yielded reliabilities of .69, .61, and .77, respectively, at 1 year, and .73, .59, and .47

at 3 years.

Demographic information Parental education and occupational status were also

assessed. Occupational status was rated using the Socioeconomic Index (SEI). The

SEI, originally developed by Duncan (in Reiss, Duncan, Hatt, & North, 1961) using

ratings of the 1950 censusclassification of occupations based on prestige, income,

and education, was updated from the 1970 censusclassification (Hauser & Feather-

man, 1977).

Procedures in middle childhood

In the early school years, chronological age becomes less important than the school

calendar. Test scores, especially school achievement-test scores, differ as a func-

tion of time in the school year. For this reason, CAP children are tested in the

summer following their first year of school, typically when they are 7 years old.

These tests are administered at the Institute for Behavioral Genetics, University of

Colorado.

The session lasts for 5 hours, including a 10-minute break for refreshments and

a l-hour lunch break. Thetest session protocol is outlined in Table 2.1. Similar to the

assessments in earlier years, the year 7 test session includes measures of cognitive

abilities, personality, motor development, and interests and talents. In addition,

school achievement, attitudes, and stressful life events are assessed. Several video-

taped observations of parent-child interaction are obtained. During the year 7

session, parents are administered the Wechsler Adult Intelligence Scale—Revised

(WAIS-R: Wechsler, 1981). Resulting WAIS-R Full-Scale IQ scores correlate .73

with the unrotated first principal component from the test battery administered to

these same parents seven yearsearlier.
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Table 2.1 Test session protocol at year 7
eee

  

Time in

test session Child Child/Parent Parent

0:00 Introduction, height,
weight (videotaped)

0:10 Humanfigure drawing WAIS-R, PIAT
(audiotaped)

0:15 WISC-R
1:15 Refreshment break
1:25 Motortests Interview

| Questionnaires
2:00 Interviews

Questionnaires
2:20 Structured parent/child

interaction (videotaped)
2:30 Lunch break

3:30 Tests of specific (Repeat above with
cognitive abilities other parent)

4:00 Interviews

Questionnaires
4:15 School achievement tests

4:50 Problem solving

parent/child

interaction (videotaped)
5:00 Dismissal

 

Teacher ratings are obtained once in the spring preceding the summertest session
and again each following spring. Teachers rate performance for academic subjects,
temperament, behavioral problems, and peer interactions and social competence.
Parents are asked to deliver the rating form and coverletter to the teacher, who
mails it back directly to us and is paid $10 upon receipt of the packet. The teacher
questionnaires are distributed in March and April in order to ensure the teacher’s
familiarity with the child and to avoid any extra imposition due to special time
constraints that may occur near the end of the school year (e.g., additional class
activities, gradings, etc.) |
At 9 and 10 years, a telephone interview and test battery are employed. Ourpilot

work indicated that the telephone can be used at this age to obtain extensive
information about children and their parents. Survey researchers have found that
the quality of information obtained via the telephone is comparable to that obtained
in face-to-face interviews. For example, telephone interviews are comparable to
in-person interviews in terms of respondents’ ability to answer complex questions,
willingness to provide personal information, response validity, and consistency of
information (e.g., Groves & Kahn, 1979). Importantly, studies also indicate that
subjects generally prefer telephone interviews.

In preparation for the telephone interviews and tests, parents are contacted by
letter to explain the project and are called to schedule a convenienttesting time for
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their child, to explain the testing procedure, and to confirm that the test packet has

been received. Twotelephone calls are made each summer whenthe children are

approximately 9 and 10 years old. During thefirst call, a short interview is conducted

with a parent and a longer interview with the child. The cognitive test battery 1s

administered during the second call. Children receive $10 each year for their

participation. Parents are asked to complete questionnaires as well.

Child measures in middle childhood

Selection ofmeasures in middle childhood was guided by three considerations. First,

the measures were designedto be as consistent as possible with the measures obtained

at earlier ages. Second, the measures wereselected to be as consistent as possible with

the CAP adult measures. Third, some new measures were added to assess important

domains not previously assessed in the CAP, for example, self-esteem and majorlife

events specific to middle childhood such as the stress of entering school.

7-year-old cognitive abilities An individually administered intelligence test (WISC-

R: Wechsler, 1974) is used as a measure of general cognitive ability. Subtests from

the WISC-R also contribute to the assessment of specific cognitive abilities. As

indicated in Table 2.2, tests of specific cognitive ability were again selected to load

on the four specific cognitive abilities factors.

Table 2.2 Tests of specific cognitive abilities at year 7

Factor Test

Verbal WISC-R Vocabulary

Verbal fluency measure similar to the Things test (used in the

CAP adult battery)

WISC-R Information

WISC-R Similarities

WISC-R Comprehension

Spatial WISC-R Block Design

WISC-R Object Assembly

WISC-R Picture Completion

WISC-R Picture Arrangement

WISC-R Mazes

PMASpatial Relations

Perceptual Speed Modification of ETS Identical Pictures (used in CAP adult battery)

Modification of Colorado Perceptual Speed (used in CAP adult

battery)

Memory Immediate and delayed Picture Memory (used in CAP adult battery)

Modification of immediate and delayed CAP Namesand Faces (used

in CAP adult battery)

 

Telephone testing of cognitive abilities at 9 and 10 years Telephone interviews with

9- and 10-year-olds about their development and environment seem reasonable and
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practice (or cheating), especially the vocabulary test, show little improvement from

test to retest. Fifth, the children return the test booklet to us in a self-addressed

stamped envelope before they receive their payment; thus, they do not have an

opportunity to review the tests prior to their follow-up testing.

School achievement Beginning at 9 years, we attempt to obtain national percentile

scores from standardized achievement tests. Although different tests are used in

different school districts, the tests yield comparable information concerning national

percentile rankings of students in major subject areas such as reading, language,

mathematics, science, and social studies. Achievement test results are obtained by

means of a letter sent from the parent to the child’s home-room teacher and

returned directly to us. Teachers are also asked yearly to rate the child’s effort and

to commenton the child’s academic performance.

In addition, school achievementtests of reading and mathematics are administered

at the year 7 test session. Reading is assessed by the Peabody Individual Achieve-
ment Test (PIAT) Reading Recognition subtest. For mathematics, three subtests
(Numeration, Addition, and Subtraction) from the KeyMath Diagnostic Arithmetic

Test are administered (Connolly, Nachtman, & Pritchett, 1976).

Language ‘Tests of language use include two subtests of the Clinical Evaluation of
Language Function (CELF) and the Token Test for Children. Measures of language
production are also obtained from the videotaped records of children solving a
puzzle which elicits communication.

Personality The Colorado Childhood Temperament Inventory (Rowe & Plomin,
1977) is completed by parents, testers, and teachers at 7, by parents and teachersat
8, 9, and 10 years, and by the children at 9 and 10. Parents also complete the
Behavioral Style Questionnaire (McDevitt & Carey, 1978) at age 7. At the year 7
laboratory visit, testers also rate the child on the CAP-modified version of the
Bayley Infant Behavior Record. Also included are videotaped observations of
children interacting with the tester and with their parents in situations differing in
degree of structure. As indicated in Table 2.1, these situations include the
preliminary session with the child, parent, and tester involving introductions,
recording of physical measurements, a structured game-playing situation, and a

problem-solving task.

Interests and talents At the year 7 session, children are interviewed about their

interests and abilities using items similar to those included in the adult test booklet.

Parents also rate their children. As at earlier years, parents are interviewed concern-

ing the children’s television viewing.

Soctal competence At 7, parent and teacher ratings of social competence are

obtained using a CAP measure developed from several sources, but primarily from

the Walker-McConnell Scale of Social Competence (Walker & McConnell, 1988).

The measure includes scales of Leadership, Confidence, and Popularity. At 9,

teacher reports are obtained for this measure.
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Self-perceptions ofcompetence At 9 and 10, children complete Harter’s Self-Perception
Profile (Harter, 1982), which assesses five dimensions of perceived self-competence:
Self-Worth, Behavior Conduct, Athletic Competence, Scholastic Competence, and
Physical Appearance.

Behavioral problems At 7, 9, and 10 years, parents and teachers are asked torate
behavioral problems using the Child Behavior Checklist (Achenbach & Edelbrock,
1983) for which extensive normsare available. Because internalizing problemsare
more subjective than externalizing problems, self-report measures of Depression and
Loneliness at 9 and 10 — Kandel’s Depressive Mood Inventory (Kandel & Davies,
1982) and Ascher’s Loneliness Questionnaire (Ascher, 1985) — are also included.

Motor development At 7, the short version of the Bruininks-Oseretsky Test of

Motor Proficiency (Bruininks, 1978) 1s administered. This measure has 14 items

concerning agility, balance, bilateral coordination, strength, visual-motor control,

and dexterity. Normsare available for ages 4 to 14. The 1-week test-retest reliability

for the 14-item short version for 7 year olds is .87. This test also assesses behavioral

laterality, and a laterality questionnaire is also administered to the children and their

parents.

Height, weight, health, and diet At year 7, information pertaining to height, weight,

and diet is recorded. At each year, parents are interviewed concerning the child’s

health.

Environmental measures in middle childhood

At 7, environmental assessments include tester ratings, videotaped observations of

parent-child interaction, interviews with parents and children, and parental ques-

tionnaires. A total of 15 minutes of videotape are collected for each parent-child

pair for ratings of interactions as well as for personality ratings. In addition, as

described in Chapters 15 and 16, the CAPsibling study collects extensive observa-

tional and interview data concerning parent-child and sibling interactions.

Family Environment Scale ‘Two questionnaires are administered to parents. As was

done at 1, 3, and 5 years, parents complete the Family Environment Scale (FES:

Moos & Moos, 1981) at 7, 9, and 10 years. For middle childhood, we modified the

FES for use as a self-report instrument in order to assess the family environment

as perceived by the children. Four items were chosen to assess each of five FES

dimensions: Cohesion, Expressiveness, Conflict, Achievement, and Control. Chil-

dren indicate whether each statementis “like my family” or “not like my family.”

Dibble and Cohen’s Parent Report The second questionnaire used each yearis the
Parent Report (PR) of childrearing behavior developed by Dibble and Cohen (1974)

from the work of Schaefer and Bell (1958). The 48-item PR consists of 16 categories

of parental behavior, eight socially desirable and eight socially undesirable, with
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three behaviorally specific items written for each category. Three factors have been

derived in the CAP: Acceptance (Acceptance of Child as a Person, Child-Centered-

ness, Sensitivity to Feelings, Positive Involvement, and Shared Decision Making),

Inconsistency (Inconsistent Enforcement of Discipline, and Detachment), and

Negative Control (Control through Guilt, Hostility, Anxiety, and Withdrawal of

Relationship).

Self-Image Questionnaire for Young Adolescents At 9 and 10 years, children also

report on their perceptions of parenting and their family environmentusing relevant
items from the Self-Image Questionnaire for Young Adolescents (Petersen, Schulen-
berg, Abramowitz, Offer, & Jarcho, 1984).

School stress During the year 7 test session, children and parents are administered
an inventory developed in the CAPtoassessstress related to the first year of school.
Open-endedinterviews with children, parents, teachers, and clinicians were used to
generate items. Eighteen items were chosen to represent academic concerns, peer
relations, teacher relations, parent relations, and general hassles, as described in
Chapter 11. Children are interviewed and parents complete a questionnaire that
assesses whether each event occurred during the first year at school and how
upsetting the event was. Two composite scores were constructed for children and
parents: the total number of events and a sum of the upsettingness ratings, scores
consistent with current approachesto the study of stress in childhood (e.g., Compas,
1987).

Life events At 7, 9, and 10 years, the frequency and degree of upsettingness of
major life events — such as death of a relative, hospitalization or health problems,
and school and family problems ~ are assessed using Coddington’s (1972) 33-item
Social Readjustment Scale. Mothers are asked to indicate whether each event
occurred during the past year. Mothers and children are then asked to rate the
degree to which the child was upset by the event using a 4-point rating scale. At
ages 9 and 10, children are also asked to rate the severity of majorlife events using
the Life Events Scale for Adolescents developed by Brooks-Gunn based on her work
concerninglife stress in early adolescence (Brooks-Gunn & Petersen, 1984). As with
the Coddington measure, children are asked to indicate whether an event occurred
and to rate the extent to which they were upsetbyit.

Selective Placement

The major assumption of the adoption design is that adoptees are not matched to
their adoptive parents on the basis of their biological parents’ characteristics. To the
extent that such selective placement occurs, estimates of both heredity and shared
environmental influences will be inflated. Fortunately, selective placement is an
empirical issue that can be tested by correlating characteristics of the biological and
adoptive parents.
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The two adoption agencies participating in the CAP were particularly appealing

because, like other progressive agencies, they do not attempt to match adoptees to

adoptive parents. They believe that this raises false expectations for adoptive parents

and that the agency’s resources are better spent counseling adoptive parents about

the differences that are likely to occur. This policy and the long waiting-list to adopt

a child combine to avoid selective placement in the CAP. Selective placement

correlations for the demographic variables accessible to social workers are negligible

for the biological and adoptive parents, as well as for the parents’ parents. The

median selective placement correlation is .04 for education and .02 for socio-

economic status (Plomin et al., 1988). Moreover, selective placement is negligible

for all CAP measures, including cognitive abilities and personality.

This overview of the CAP design, sample, and measures sets the stage for the

following chapters. The next chapter describes CAP methodology, with a focus on

model-fitting analyses. Subsequent chapters are more empirical, presenting some of

the most interesting CAP results from infancy to middle childhood for cognitive

abilities, language, school achievement, personality, stress, body size and obesity,

motor development, sex differences, competence, relationships, nonshared environ-

ment, the nature-nurture interface, genotype—environmentinteraction and correla-

tion, and applied issues relevant to adoption.
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The full adoption design is one of the most powerful methods available for
disentangling hereditary and environmental influences on continuous characters
(Cavalli-Sforza, 1975). The strength of the methodliesin its ability to yield direct
estimates of both genetic and environmental effects, in contrast to other human
behavioral genetic methods which infer such effects through comparisons of
individuals having different degrees of genetic resemblance. Because the CAP uses
a full adoption design with measures from adopted offspring and both their biological
and adoptive parents, as well as matched sample of nonadoptive families, it takes
complete advantage of the powerful adoption methodology for elucidating the
sources of variation in behavioral traits.

Since the inception of the CAP in 1975, a variety of methodological tools has been
advanced to extract the most information possible from adoptive and nonadoptive
family data, with the aim of providing interpretable and replicable results. Several
of these tools are extensions of the biometrical approach developed by Jinks and
Fulker (1970) for genetic analysis of family data. These statistical approaches are
used to fit models to observed data, estimate various genetic and environmental
parameters, and test alternative hypotheses. More recent advancements combine
these methods with the structural modelling procedure first set forth by Joreskog
(1973) to address more complex issues such as the shared etiology of multiple
variables, patterns of genetic and environmental influences over time, and possible
correlations between genotypes and environments. The structural modeling ap-
proach is emerging as a powerful and popular method for biometrical analysis of
twin and family data (Neale and Cardon, 1992), and is proving to be an invaluable
tool for multivariate and longitudinal analyses of the CAP data.
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Quantitative genetic theory treats environmental influences in a manner analogous
to its treatment genetic effects. In human behavioral genetics, the “environment”is
typically thought of as everything that does not originate in segregating genes, thus
including such factors as prenatal trauma and environmentally induced changes in
DNA,as well as traditional factors such as childrearing, school environment, and
peer influence. Such environmental influences also contribute to individual differ-
ences in the phenotype. If we could measure these environmental influences we could
assess their variance directly. Assessmentof at least some environmental influences
is more plausible than genotypic measurement at least at the present, and some
research in the CAP has been directed toward this type of assessment (see Chapters
18 through 20). However, psychological characters are too complex for measure-
mentofall trait-related environmental factors; thus, we typically infer this variance
as well.

The preceding discussion of genetic and environmental influences and their
contributions to a particular phenotype may be expressed more formally using the
basic linear model of quantitative genetics (Falconer, 1989):

P=GtE, (1)

where P represents an individual’s phenotype, G is the genotypic value, and E is
the environmental value for the individual. It is important to recognize in Eq. 1 that
an individual’s phenotype is assumed to be determined entirely by genetic and
environmental factors. Since environmental factors are defined as all nongenetic
influences, the assumptionactually is that phenotypes are determined by genetic and
nongenetic factors. Since each of these factors is expected to have a variance and to
contribute to the variance of the phenotype, it follows that

Vp = Vot+ Ver 2Covee (2)

where Vp, Vc, and Vz are the phenotypic, genotypic; and environmental variances,
respectively, and Cov, is the genotype—environment (G—£)covariance. It is often
convenient to rearrange this equation by dividing both sides by Vp (thus not
changing the equationatall) to yield

Ve Vo, Ve, 2C0vGs

Vp”Vp Vp" Vp

l= hh? +e? + 2hse, (3)

where ’ is the proportion of observed variance explained by genetic factors (the
“heritability”), e? is the proportion of observed variance accounted for by environ-
mental influences (the “environmentality”), and s is the genotype—environment
correlation (G-E). When the G—Ecorrelation is assumed to be zero, Eqs 2 and 3
reduce to

Vp=VotV;E (4)
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and

l=fh’ + e?. (5)

As describedlater in this chapter, this assumption maybetested by analyzing parent
and offspring data from the adoption design.
The basic quantitative genetic model may be expressed conveniently using the

method of path analysis developed by the geneticist Sewall Wright (1921). Path
analysis, which is an illustrative method of depicting familial relationships, has the
advantage of specifying model assumptions explicitly and facilitating the derivation
of expected correlations based on genetic and environmental parameters. A stand-
ardized path model of the linear phenotypic expectation of Eq. 1 is given in Figure
3.1. The one-way arrows shown from the unobserved, or latent, G and E variables
toward the observed variable P reflect the causal genotypic and environmental
influences on the phenotype. The curved arrow between G and E represents the
genotype-environmentcorrelation. Following the tracing rules of path analysis, the
expected variance of P may be derived from the diagram:

Voe=h-ht+e-erthset+esh

=h’ + e? + 2hse, (6)

which is the same result developed algebraically in Eq. 3. Detailed descriptions of
path analysis and tracing rules may be foundin texts by Li (1975) and Loehlin (1987).

It is possible to partition further the genotypic and environmental factors and
variances. For example, in many CAP models the environmental value (E) is divided
into environmental factors which are shared by individuals living together, some-
times referred to as “common-environment”factors (C), and environmental factors
which are not shared, called unique or specific environmentfactors (SE). A similar

G

E
Figure 3.1 Standardized path diagram showing genetic (G) and environmental (£) influ-
ences on a phenotype (P). Parameters A and e¢ represent the sq. roots of the heritability and
environmentality of the phenotype, and s represents the genotype—environmentcorrelation.



30 Adoption Design Methodology
TNT

distinction may be made for genetic factors between additive genetic values (A),

which are the sum of the average effects of individual alleles (alternate forms of a

gene), and dominancedeviations (D), which are due to nonlinear interactions between

alleles at the same loci. Thus, the elements on the right side of Eq. 1 may be

expanded as G = A + D and E = C + SE,allowing the equation to be expressed as

P=A+D+C+SE (7)

In analyses of the CAP data, the C and SE environmental distinction is often

observed, but typically only the variance due to additive (4) genetic effects is

estimated. Dominance deviations do not contribute to parent—offspring resemblance.

Also, CAP analyses ignore nonlinear interactions between alleles at different loci

(epistasis) [see Crow (1986) for a discussion of this assumption with respect to

quantitative characters]. Thus, the typical CAP phenotypic expectation 1s

P=G+C+SE. (8)

In the absence of G—Ecorrelation, the resulting phenotypic variance is as follows:

Vp=VotVot Vsz, (9)

or, in the standardized case:

l=h+c% +e,’ (10)

where c? is the proportion of phenotypic variance explained by environmentaleffects

shared by individuals in the same home and ¢? is due to nonshared environmental

influences. A path diagram of this model is presented in Figure 3.2.

 

C

c

h
G Pp

e

SE

Figure 3.2 Path diagram of genetic (G), shared or common environmental (C), and specific

environmental (SE) influences on an individual.
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Path diagrams also facilitate derivation of expected variances and covariances
among different traits. Multivariate path analysis is used to assess genetic and
environmental contributions to covariances between variables, e.g., genetic and
environmental effects that influence both height and weight or different cognitive
abilities. A multivariate extension of the basic phenotypic model in Figure 3.2 is
given in Figure 3.3. In this figure, P, G, C, and SE represent vectors of observed
genetic, shared environmental, and unique environmental values, respectively, and
the parameters h, c, and e are replaced by parameter matrices Ag, Ac, and Asg. In
this phenotypic model, path tracings yield the following expected covariance matrix
of phenotypes:

Covp,p = AgAG + AcAc + AseAse (11)

in which matrix transposes are shown with primes, e.g., Ag. A comprehensive
description of multivariate path analysis is given by Vogler (1985), who originally
developed the method.

 

C

A

A
G g P

A sp

SE

Figure 3.3 Multivariate path diagram of genetic and environmental influences on multiple
phenotypes. P, G, C, and SE represent vectors of observed, genetic, shared environmental,
and unique environmental values, respectively. Matrices Ag, Ac, and Asp contain parameters

representing the respective influences on the phenotypes.

Models of Sibling Resemblance

Univariate model

In the univariate and multivariate path diagrams just described, the parameters of
genetic and environmental influence (4, c, and e parameters in the univariate model
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and the Ag, Ac, and Age in the multivariate model) are unknown quantities which

are estimated from observed data. In nuclear families these influences are always

confounded and there is no direct way to evaluate their relative importance.

However, the adoption design disentangles these effects by comparing resemblances

between individuals sharing different proportions of genes. For example, the

phenotypic correlation between biological parents and their adopted-away offspring

provides direct evidence for the importance of genetic factors, since, in the absence

of selective placement, these individuals share only genetic influences. Similarly, the

phenotypic correlation between adoptive parents and their adopted children pro-

vides direct evidence for the importance of shared environmental influences, since

these individuals resemble one another because of environmental factors. A similar

comparison may be made between genetically unrelated siblings reared together,

whoshare only environmental influences, and natural siblings, whose covarianceis

comprised of one-half the additive genetic variance for the trait and all the shared

environmental variance. In this section, we discuss some models of sibling resem-

blance in the CAP, and return to the more complicated parent—offspring models in

the next section.

Figure 3.4 shows a simple univariate genetic model of adoptive and nonadoptive

sibling data. In this model the phenotype of each sibling is determined by the

genetic, common environmental, and unique environmental latent variables G, C,

and SE, as shown in Figure 3.2. The curved arrows between G; and G, and between

C and C; represent the expected resemblance between full siblings due to genetic

and shared environmental sources, respectively. Full biological siblings are expected

to share 0.5 of their segregating genes on average and biologically unrelated siblings

share no genes whatsoever; thus, the genetic correlation is fixed at 0.5 for biological

and 0.0 for adoptive pairs, as shown in Figure 3.4. Because both sibling types are

reared together, the shared environmental correlation is fixed at 1.0 for both types.

Because the SE variables represent environmental influences which are individually

unique, they are uncorrelated. Applying path tracing rules to Figure 3.4 yields the

expected sibling correlations in terms of the 4, c, and e parameters:

]
nonadoptiver = 7 he+¢?

adoptive r = ¢? (12)

Thus, c? is estimated directly from the adoptive sibling correlation and h? may be
estimated as twice the difference between the nonadoptive and adoptive correlations,

that is, h? = 2(5h? +c’ —c’). The e? parameter may be obtained by subtraction;
rearrangement of Eq. 10 gives e? = 1 — (A? + c’). This univariate model has two free

parameters, h” and c’, and one derived parameter, e¢’.

Although the model parameters h’, c’and e? may be estimated using these
subtractive methods, typically they are estimated using multiple regression models

or structural equation model-fitting procedures. The regression approach, or “DF

model,” developed by DeFries and Fulker (1985, 1988) for identical and fraternal

twin applications, involves two fundamental forms. The first form, or “basic



Adoption Design Methodology 33

 

4

hGy">P,
C

C1

0.5, 0.0 1.0

Cy
Cc

————____
G2 P,

SE>

Figure 3.4 Path diagram of the relationship between genetic (G) and environmental (C, SE)
influences for two siblings. The genotypes are expected to be correlated at values of 0.5 and
0.0 for biological and adopted siblings, respectively, and the shared environments are
correlated 1.0 by definition for all individuals reared together.

model,” is designed for use in selected samples and is based on the idea that if a
trait is heritable, siblings with different degrees of genetic resemblance to selected
probands should exhibit differential regression to the population mean. The depend-
ent variable in this regression model is the observed variable of the co-sibling (cosib;
C), which is regressed on the proband score (P) and the coefficient of relationship
(R), which equals 0.5 for nonadoptive siblings and 0.0 for adoptive siblings. The
complete form of this basic model with a regression constant, A, appears as

C= B,P+B,R+ A, (13)

in which B, adjusts the cosib score for average sibling resemblance and B, reflects
_ the extent of differential cosib regression. Statistical significance of B, is taken as
evidence of heritable influence on the trait. The second form of the regression
model, the “augmented model,” which is appropriate for both selected and
unselected samples, includes an additional term for the interaction between proband
score and coefficient of relationship (PR):

C= B;P + BsR+ BsPR+A. (14)





Adoption Design Methodology 35eee

EEeS

The essence of the multivariate models employed in the CAPis the decomposition
of covariance between multiple measures obtained from the same individuals into
genetic, shared environmental, and unique environmental components.In doing so,
it is possible to separate each covariance component into portions which are
common to someorall of the variables under consideration and portions which are
specific to each variable. For example, the path diagram in Figure 3.5 shows three
observed variables, P;, P, and P3, from one sibling which maybe correlated because
of common genetic, shared environmental, or unique environmental influences,
Go, Co, and SE¢, for the three traits. In addition, each observed variable has specific,
uncorrelated, underlying effects, G, C, and SE. This model, known as a “common
factor” model, is a genetic extension of the single-factor model originally proposed
by Charles Spearman (1904) in his theory of generalintelligence (“g”).
By tracing the paths in Figure 3.5 it may be seen that the covariance between P;

and P, is comprised of a genetic component, gig2, a shared environment component,
¢1¢, and a unique environment component, e,¢); thus Covp,p, = gig2 + ¢1¢2 + e1€2.
Similarly, the other covariances are Covp,p, = g1g3 + ¢1¢3 + e1¢3 and Covp,,p, = 283 +
¢2¢3 + €2€3. The variance of the first observed variable may be calculated as

Vp, = (gt + gsi) + (cf + csi) + (ef + 4), with similar expressions for Vp, and Vp, The
parentheses in this expression denote the variance components attributable to
genetic, shared environmental, and unique environmental effects. Each component
of variance/covariance may be conveniently represented as the matrix product
AwecpNecp, where

gi gn O O
Ag = £2 0 £52 0

g, 0 0 gs

and

git gr £182 £183
AgAG =| £182 Bit fo £283

£183 £283 gi + gh

The matrices Ac and Agg and their products are similarly expressed. Then, the
observed covariance matrix may be calculated simply as Covp p= AgAG +
AcAc + AsgeAse, which is the same expectation shown in multivariate form in
Figure 3.3 and in Eq. 11.
As in the univariate model described above, comparisons of adoptive and

nonadoptive sibling pairs may be used to estimate the genetic and environmental
parameters. The expected cross-sibling covariances are

1
7AcAc + AcAGnonadoptive Cov =

adoptive Cov = AcAc (15)
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Figure 3.5 Common factor model of genetic and environmental influences on three

phenotypes (P;, P,, and P;). Genetic and environmental effects which influence all three

phenotypesare subscripted c; effects which are unique to each phenotype have subscriptss.

where | is a matrix with all diagonal elements fixed at 1/2 and all off-diagonal

elements fixed at 0.0. It should be recognized that these expressions are just

multivariate extensions of those shownin Eq. 12, and, thus, elements of AcAc could

be estimated directly from the adoptive sibling cross-covariances and AgAg could be

estimated as twice the difference between the nonadoptive and adoptive sibling

matrices, although in practice this subtractive procedure is seldom used.

This matrix representation permits calculation of the heritabilities, environ-

mentalities, and genotype—environmentcorrelations contributing to each variable. The

heritabilities may be calculated as the diagonal of the “phenotypically standardized

genetic covariance matrix” (Hegmann and DeFries, 1970):

Cove= diag (Covp,p) > AgAg diag (Covp,p)°

h?= diag (Cove) . (16)

Shared and unique environmentalities (c? and e*) are similarly calculated by

substitution of Ac and Asg for Ag. Genetic and environmental correlations are

expressed by standardizing the genetic and environmental matrices:

Rg = h-! Coveh!

Rc = ¢!Covece?

Rsp = € 'Covsesee! (17)

where h, c, and e are diagonal vectors of the square roots of the corresponding

elements in h’, c’, and e’.
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In contrast to the commonfactor model in Figure 3.5, many multivariate analyses
of the CAP data employ variants of the “tridiagonal” or “Cholesky decomposition”
model (Gorsuch, 1983). For each covariance component, the Cholesky model
specifies a latent factor for each variable, with all variables loading on the first
factor, all variables except the first variable loading on the second factor, and so on.
A path diagram of a three-variable Cholesky model is given in Figure 3.6, wherein
this pattern of loadings may be observed. This type of model is useful for

multivariate analysis becauseits statistical properties ensure a positive semi-definite

covariance matrix and provide a “saturated” model having as many parameters as

free variances/covariances to be used as a null model for chi-square tests of

parameter significance; moreover, it is easily interpreted in terms of etiological

components. From a genetic perspective, for example, the first factor, F), reflects

genetic effects which impactall of the observed variables, similar to the common

factor described above and shownin Figure 3.5. The second factor, /2, represents

genetic influences which contribute to the second and third variables after partial-

ling out the commongenetic effects of F\. Similarly, the third factor, F3, represents

genetic influences on the third variable beyond those explained by the first two

P 3
Figure 3.6 ‘Tridiagonal or Cholesky model of three phenotypes. The latent factors F,, F,,

and F; impact the respective phenotypes P,, P,, and P; and all subsequent ordered measures.

In genetic applications the factors F are replaced by the covariance components G, C, and E.
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Figure 3.7 Path diagram of combined simplex and common factor model. The common

factor is shown as G which influences the phenotypes, P;, with factor loadings c;. The

simplex model is characterized by the age-to-age transmission parameters, ‘y. Specific effects

originating at each age are shown as s parameters.

 

The form of this matrix shows that exclusion of selected parameters reduces the

modelto either a traditional simplex (omittingall ¢ loadings) or a commonfactor model

(omitting the y coefficients) of the type described previously in this chapter. This

matrix, with appropriate extensions for additional time points, is specified for each

covariance component, Ag, Ac, and Asg, thus providing a means to assess the

genetic and environmental influences leading to continuity and change over the

course of development.

Models of Parent—Offspring Resemblance

In addition to comparisons of adoptive and nonadoptive siblings, relationships

between biological, adoptive, and nonadoptive (control) parents and their offspring

may be used to infer genetic and environmental influences on a trait or traits. In

principle, parent—offspring relationships represent the greatest asset of the adoption

design: in the absence of selective placement effects, resemblances between biolo-

gical parents who relinquish their offspring at a very young age and adopted-away

children can only be attributable to genetic (or, for mothers, also prenatal) factors,

whereas relationships between the parents who adopt those children and the

children themselves can arise only from environmental similarities. Thus, each of

these relationships yields a direct estimate of a causal component of individual

differences.

In practice, however, the parent—offspring design has some limitations. It is

intuitively obvious that if children are placed in adoptive homes whichare similar

to those they would have received in the presence of their biological parents, then
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Several models of parent—offspring resemblance have been developed for applica-

tion to the CAP data, nearly all of which include some convention for assessing

assortative mating, environmental transmission, G—E correlation, and selective

placement (Cardon, DiLalla, Plomin, DeFries, & Fulker, 1990; Coon, Fulker,

DeFries & Plomin, 1990; DeFries et al., 1987; Fulker & DeFries, 1983; Phillips &

Fulker, 1989; Rice, Carey, Fulker, & DeFries, 1989). Here we describe only the

model of Fulker, DeFries, and Plomin (1988) which has been used mostbroadly in

the CAP. This model is diagrammed for adoptive and biological families in Figure

3.8, in which Pp, Per, Pam, Par, and P4o represent the phenotypes of biological

mothers and fathers, adoptive mothers and fathers, and the adopted offspring,

respectively, and Py, Pz, and Po represent the phenotypes of nonadoptive mothers,

fathers, and offspring, respectively. Genetic transmission from the biological and

nonadoptive parents to their offspring is shown in the paths labeled 1/2, and

environmental transmission in the adoptive and nonadoptive families 1s shown as m

(transmission from the mother) and f (transmission from the father). Heritabilities

and nonshared environmentalities are shown as / and e. The new parameters in this

   
  
rh

S

Figure 3.8 Parent-offspring model of nonadoptive (a) and adoptive (4) family relationships.

Parameters representing assortative mating, genotype-environmentcorrelation, and selective

placement are shownas p and q,s, and x,-4, respectively. Reprinted from “Genetic Influence

on General Mental Ability Increases Between Infancy and Middle Childhood,” by D. W.

Fulker, J. C. DeFries, and R. Plomin, 1988, Nature, 336: 767-769.

i

Figure 3.8 (a)



Adoption Design Methodology 43

 

 
Figure 3.8(b)

parent—offspring model are those representing the G-—E correlation (s), assortative
mating (p and q for for biological and adoptive parents respectively), and selective
placement(x;-4). The assortment and placement parameters are drawnas conditional
paths (Carey, 1986) which use slightly different path tracing rules than traditional
path analysis, but greatly simplify diagrammatic model representation.
The model hasa total of 11 free parameters: h, p, g, m, Sf, *14, Vy, and V,, where

V, and V, symbolize variances of the parent and child scales. The s and ¢ parameters
are derived from the other parameters in the model. The modelis fitted to three
covariance matrices: a 5 x 5 matrix based upon data from biological mothers and
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fathers, adoptive mothers and fathers, and adopted children, a 4x 4 matrix of

biological mothers, adoptive mothers and fathers, and adopted children; and a

3 x 3 matrix of nonadoptive mothers, fathers, and children.

The model of Fulker et al. does not directly address the issue of age differences

between adults and children because A is assumed to be the same for both

generations. Thus, when age differences exist, h? may be considered as the product

hcrch, as described above. Low estimates of h*?, therefore, may result from

differences between h, and hc and/or a genetic correlation less than unity.

Model-Fitting Functions

CAP investigators have employed several alternative methods for estimating par-

ameters in the sibling or parent—offspring models, all of which produce maximum-

likelihood (ML) parameter estimates.

The most common procedure employed is similar to that used in the LISREL

structural equation computer package (Jéreskog & Sérbom, 1989), which assumes

that the observations examined in any application have a multivariate normal

distribution. The procedure involves minimization of the function

F=) Ne{(in | Xe] — In [Se] + tr(SeXe-') - pe}, (18)
k=1

where m is the number of groups in the analysis (2 in sibling models, 3 in the

parent—offspring model), Nz is the number ofcases in the FH group, and pz is the

order of the matrix (e.g. 3, 4, 5 in the univariate parent—offspring model, 2 x the

numberof variables in sibling models). 2% and Sg are the expected and observed

covariance matrices in the model, respectively. This function is asymptotically

distributed as y’ with degrees of freedom

df= > xPkPk +1)-t (19)
k=1

where ¢ is the number of parameters estimated in the model.

The LISREL package has internal routines for calculating the ML function,

degrees of freedom, and standarderrorsof the estimates (although see Neale, Heath,

Hewitt, Eaves, & Fulker, 1989). However, frequently the CAP models are too

complex or too large for the LISREL program, and special-purpose programs must

be written instead. These programs are then linked with available optimization

packages such as MINUIT (CERN,1977) or NAG (Numerical Algorithms Group,

1990) to minimize the function and calculate corollary quantities.

In recent applications of longitudinal sibling and parent—offspring models, CAP

investigators have used an alternative fitting function. Because the CAP is ongoing

and involves measurement of the same individuals over many years, longitudinal
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The etiology of individual differences in general cognitive ability has been a major

focus of behavioral genetics since the very beginning of the subject in the last

century, with Sir Francis Galton’s (1869) classic family study Hereditary Genius

providing the first empirical investigation of this issue. Although Galton’s study 1s

of historical significance, its design was necessarily limited. Because it was a family

study, genetic and environmental influences could not be separately assessed. Prior

to the 20th century, the nature of the hereditary mechanism was unknown,and the

need for more appropriate designs, involving twins or adoptions, was not fully

appreciated. Moreover, Galton’s measure of cognitive ability was highly subjective,

based on biographical information and not on psychometric measurement.

Galton laid the foundation for rigorous measurement through the development of

linear regression, which others later built upon (Cattell, 1960, 1965). It was with the

developmentof Binet’s (1905, 1908) test of intelligence, its translation into English

by Terman (1916), and a much clearer understanding of research designs for

separating the effects of heredity and environment, that research into this question

was finally placed on a firm scientific basis. In 1928, Barbara Burks, under the

guidance of Terman, conducted the first adoption study of IQ. Later, Newman,

Freeman, and Holzinger (1937) studied IQ in separated monozygotic twins. In

addition, they studied a group of unseparated monozygotic and dizygotic pairs and

established the statistical methodology of the twin study. Both studies were

landmarks in the field of behavioral genetics, established the importance of

hereditary influences on IQ, and stimulated a great deal of subsequent research.

Thus, in 1981, Bouchard and McGuewereable to report the results of more than

140 studies that had examined the importance of genetic and environmental
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influences on general intelligence employing a variety of research designs. The
general picture obtained from their report is overwhelmingly one of a strong
hereditary component, accounting for about 50% ofvariation, with a more modest
contribution from the environment shared by children raised in the same family,
this source of variation being about 10-20%.

Surprisingly, in spite of the large numberof studies of IQ that have been carried
out, very little beyond these rudimentary facts is present in the literature. For
example, relatively little is known about the etiology of individual differences in
cognitive development. Prior to the Colorado Adoption Project (CAP), only two
long-term longitudinal studies attempted to address this issue. An early study of
Skodak and Skeels (1949), in which adopted children were tested at least four
times between infancy and adolescence, found increasing biological parent/child
relationship with age, suggesting increasing heritability for IQ, or an increas-
ing genetic correlation between child and adult measures of IQ. However, the
study was limited by small numbers and a lack of clear goals at the outset. In
contrast, the Louisville Twin Study (Wilson, 1972a, b, c, 1983) was fully prospect-
ive in character and studied cognitive development from infancy through adoles-
cence in several hundred twin pairs. The focus of this study was IQ and it too
suggested increasing heritability with age. However, in neither study was a thorough
developmental analysis carried out. It was only comparatively recently that appro-
priate statistical methodology has been developed (Eaves, Long, & Heath, 1986:
Hewitt, Eaves, Neale, & Meyer, 1988; Phillips & Fulker, 1989). In 1975, the
Colorado Adoption Project was undertaken in order to investigate, in a fully
prospective manner, the genetic and environmental determinants of child develop-
ment. A major focus of the CAP has been on general and specific cognitive abilities
and it is these measures that are most thoroughly investigated from a developmental
perspective. In this chapter, we will describe some of this work relating to the
development of general intelligence from ages 1, 2, 3, 4, 7, and 9. The following
chapter discusses the developmentofspecific cognitive abilities from ages 3, 4, 7,
and 9.

Subjects and Measures

General cognitive ability data were obtained from 87 to 32 adoptive sibling pairs,
102 to 43 nonadoptive sibling pairs, and 300 to 278 singletons at 1, 2, 3, 4, 7, and
9 years of age, with the decreasing numbers arising from the ongoing nature of
the study. The tests used were the Bayley Mental Development Index (MDI)
(Bayley, 1969) at ages 1 and 2, the Stanford-Binet Intelligence Scale (Terman &
Merrill, 1973) at ages 3 and 4, the Wechsler Intelligence Scale for Children —
Revised (Wechsler, 1974) at age 7, and a first principal component score from the
telephone-administered specific cognitive abilities test battery at age 9 (SCATPC)
(see Kent and Plomin (1987) for a description of the year 9 test battery andits
validation).



Table 4.1. Means and standard deviations for general cognitive ability from 1 to 9 years of age

  

Measure Adopted probands Unrelated sibs Nonadopted probands Biological sibs

Age Mean SD N Mean SD N Mean SD N Mean SD N

Males

Bayley MDI l 106.66 11.64 130 113.67 14.16 46 109.50 12.19 133 114.19 13.05 58

Bayley MDI 2 105.81 15.21 115 103.52 15.68 44 106.70 15.72 124 106.82 14.23 51

Stanford-Binet 3 102.70 13.31 113 101.89 16.83 37 105.91 15.35 113 106.14 16.43 49

Stanford-Binet 4 105.58 10.73 109 104.11 11.57 38 107.89 12.37 114 108.94 13.01 49

WISC-R IQ 7 113.48 11.02 107 113.44 13.41 25 115.38 11.41 116 118.00 8.80 42

SCATPC 9 —.13 1.00 99 —.14 1.33 12 12 99 92 .04 91 25

Females

Bayley MDI l 106.40 11.73 113 110.64 11.39 44 107.88 12.57 113 114.23 11.11 44

Bayley MDI 2 109.05 14.06 101 109.91 15.85 43 110.70 16.10 105 113.98 15.85 42

Stanford-Binet 3 106.29 14.78 92 104.95 15.27 3641 110.02 13.37 101 111.40 19.39 40

Stanford-Binet 4 108.53 12.38 86 109.78 14.29 40 111.17 10.88 100 111.79 17.89 39

WISC-R IQ 7 109.33 9.90 87 111.00 10.03 31 113.67 10.57 100 116.92 8.40 25

SCATPC 9 — 24 92 81 10 81 23 17 1.00 81 37 .78 20
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eeMean Differences

In Table 4.1, means and standard deviations, by sex and family type, are presented
for ages 1 through 9 years, along with sample sizes. A multivariate analysis of
variance (MANOVA) with sex and adoptive status (adopted proband versus
nonadopted proband) as between-subjects factors and age as a within-subjects factor,
was performed. Of the between-subjects effects, only adoptive status was significant
(F286 = 7.71, p < .01). However, adoptive status accounted for less than 3%of the
total variance. The main effect of age was also significant, but should not be
interpreted since different scales are used at different ages. More importantly, the
year 9 test is based on a standardized principal component score which employs a
completely different scale of measurement from the tests at the other ages. The
sex-by-age interaction was also significant (Fs2.) = 6.02, p < 01), but, again, the
proportion of variance that this effect explains is very small (< .1%). Since these
significant effects only explain a very small proportion of the variance, they are
unlikely to have any substantial effect on second-degreestatistics such as correla-
tions and covariances, upon which our subsequent modeling is based.

Developmental Model

The developmental model that was fitted to these data was first proposed by
Eaves et al. (1986), and represents a combination of a single general factor present
at all ages and a quasi-simplex model ofspecific effects arising at each age point
and their subsequent transmission to later ages. The general factor implies a
static developmental process where an influence present at an early age persists
across the entire period. The quasi-simplex implies a more dynamic process in
which new variation arises at each age, persists to the next age, and is of equal or
progressively decreasing importance at subsequent ages. A path diagram of this
model appears in Figure 3.7 and the model is described in detail in Chapter 3.
Models werefitted using the maximum-likelihood pedigree procedure,also outlined
in Chapter 3.

Phenotypic Continuity and Change

The cross-age correlations across all children appear in Table 4.2. As is charac-
teristic of a quasi-simplex pattern of development, these correlations are highest
near the diagonal of the correlation matrix, and decrease the further away the
correlation is from the diagonal. However, their general large magnitude mightalso
imply a common factor mechanism. The extent to which each process is operating
will be examined next.
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Table 4.2 Phenotypic correlation matrix

  

Age ] 2 3 4 / 9

l 155.58 635 593 582 538 435

2 37 236.46 597 580 523 416

3 23 51 226.41 584 511 410

4 22 46 .60 158.13 501 406

7 22 .36 36 45 119.56 425

.09 .30 29 29 59 1.00

 

Note: rs below diagonal, Ns above diagonal, and variances on diagonal.

p < .O1 for all rs, except r;4, which was not significant.

For the model-fitting procedures, the data were first standardized within each

age, across all individuals as a single group. This standardization procedure

effectively eliminates age differences in variances, which most likely are merely a

result of using different tests at different ages, while preserving adoptive, nonadopt-

ive, sib 1, and sib 2 variance differences. Resulting parameter estimates were fully

standardized to imply unit variance for all latent and observed measures.

Fitting a phenotypic simplex/factor model to the CAP IQ data resulted in the

factor structure presented in Figure 4.1. A test of the common factor loadings

indicated that those are essential to explain these data (Table 4.3, Model 2), as are

the simplex transmission parameters (Model 3). Both processes seem to be operating

to produce the age-to-age continuity present in these general cognitive ability

measures. The simplex transmission parameters appear stronger between later ages

than earlier ages, while the common factor loadings suggest an opposite pattern.

In a phenotypic analysis of Louisville Twin Study data, Humphreys and Davey

(1988) found that a simplex adequately accounted for the longitudinal correlations

from ages 9 months through 9 years. However, in a recent analysis of CAP sibling

 
phenotypic factor commonto the six time points).
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or greater interest are the cross-sibling cross-time correlations, and models of them

which will allow further dissection of the developmental process.

Table 4.4 Sibling correlations at each age

  

Age Adoptive Nonadoptive

r N r N

1 12 87 39%* 102

2 .O2 80 .35** 91

3 .30* 73 .37** 87

4 05 74 .24* 88

7 .00 50 23 65

9 32 32 .38* 43

 

*» < 05, **p < 01.

Estimates of h2, c2, and e?, obtained from fitting the full simplex /commonfactor

modelto the sibling data, are presented in Table 4.5. Heritability appears to decrease

from 1 to 4 years of age and then increases at years 7 and 9. The proportions of

variance due to shared environmental influences are relatively small, ranging from

.07 up to .22. It should be noted that the genetic and shared environmental variance

components estimated from fitting the full model to these data are somewhat

different from what univariate analyses of the sibling correlations at each age might

yield. These differences arise because the multivariate models take into account the

cross-sibling cross-time covariance structure which can impact the within-time

parameter estimates. For example, even thoughthesibling correlations at age 9 for

nonadoptive and adoptive pairs are highly similar (.38 vs .32, respectively), the

estimate of heritability at age 9 is .60 in the multivariate analysis. The (average)

cross-sibling correlation between years 7 and 9 is substantially larger for nonadoptive

than for adoptive pairs, which accounts for this apparent discrepancy. While such

an outcome may on the surface seem inappropriate, it is, in fact, the best estimate of

heritability we can obtain from these data. Use of the cross-sibling cross-time

information is an inherent advantage of a multivariate longitudinal analysis. When

samples sizes are small, such as for our year 9 data, the standarderrors of the sibling

covariances are relatively large. However, the covariances between onesibling at an

earlier age and the other sibling at a later age also contribute information to the

within-age sibling covariances. This information would not be used in a univariate

analysis at each age; thus, resulting variance componentestimates would have larger

standard errors and mightdiffer from those obtained from the multivariate analysis.

Table 4.5 Estimates of h’, c’, and e’ at each age

  

Variance component Age

] 2 3 4 7 9

h? 47 41 32 .26 45 .60

c 13.07. .22.—-«.12——S—si«O7—=—=#édLO

e? 40 52 .47 .62 48 .24
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Tests of the various components of the full model were performed to determine
which aspects of the model were essential for explaining these data and which were
not. Tests of the unique environmental parameters were conducted first (see Table
4.6). Neither the unique environmental common factor (Model 2) nor the trans-
mission parameters (Model 3) were essential for an adequate model fit. The specific
factors were not tested, since measurementerror contained in those parameters is
essential for the model. The model with only specific factors at the unique
environmental level (Model 4) was used as the base model for the next set oftests,
those of the shared environmental developmental processes.

Table 4.6 Tests of unique environmental developmental patterns

  

Model Form -~LL NPAR® y? df p

] Full model 983.183 51
2 Model 1, drop common factor 984.680 45 2.994 6 >.80
3 Model 1, drop transmission 984.544 46 2.722 5 >.70
4 Model 1, drop transmission 987.729 40 9.092 11 >.60

& common factor
ee

4 Log-likelihood of the data (without the addition of the constant).
Number of free parameters.

At the shared environmental level, none of the parameters was needed to explain
these data (see Table 4.7). Tests of the common factor (Model 5) and the
transmission parameters (Model 6) indicated neither was necessary. Further tests of
the specific factors indicated that those, too, were unnecessary (Model 7). A final
test of the common factor against a model with no other shared environmental
parameters indicated that it still could be dropped from the model with no
significant decrementin fit (Model 8). This final model was then used as the base
model in the final set of tests, those of the genetic developmental processes (see
Table 4.8).

Table 4.7 Tests of shared environmental developmental patterns
eee
Model Form ~LL4 NPAR® x? df p

Model 4 987.729 40
5 Model 4, drop commonfactor 990.522 34 5.586 86 > .45
6 Model4, drop transmission 991.401 35 7.344

=

5 >.15
7 Model 6, drop specifics 991.725 29 0.648 6 >.99
8 Model 7, drop commonfactor 996.035 23 8.620 6 >.15eee

* Log-likelihood of the data (without the addition of the constant).
> Number of free parameters.

At the genetic level, the commonfactor was found unnecessary in explaining these
data (Model 9), but the transmission parameters were necessary (Model 10). Finally,
age-specific genetic influences were also necessary (Model 11). When testing each
genetic time-specific loading individually, all but the new variation at age 4 were
statistically significant.
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Table 4.8 Tests of genetic developmental patterns

  

Model Form -LL NPAR ¥? df p

Model 8 996.035 23

9 Model 8, drop commonfactor 1001.827 17 11.584 6 >.05

10 Model 8, drop transmission 1056.713 =—:18 121.356 365 <.001

11 Model9, drop specifics 1072.051 12 140.448 5 <.001

 

* Log-likelihood of the data (without the addition of the constant).

> Numberoffree parameters.

The final reduced model of general cognitive development is presented in Figure

4.2. There are substantial genetic transmission parameters, along with time-specific

genetic influences. The unique environmental influences are only time-specific.

POO +O =H
87 66 19 16 68

.b8 86 78 78 86 92

2 a Oo
48 51 63 63 52 39

© 1 ° 2 ° 3 e 4 ° 7 ° 9

Figure 4.2 Fully standardized final reduced model of the development of IQ (G; are

time-specific genetic factors. Residual effects on the G; represent new genetic variation

arising at each time point. e are specific environmental influences at each age. The loadings

of the G; on IQ;are the h,, or the square-root of heritability at each age 1)

Conclusions

The outcome of these analyses reveals a striking diversity among the genetic and

environmental processes that determine continuity and change in individual dif-

ferences in general cognitive ability during the developmental period from infancy

to middle childhood. The nature of these processes could not have been inferred

from the phenotypic structure alone.

Although there was insufficient power to detect the small shared environmental

influences, they appear to be largely continuous throughout the entire period, as

suggested by the full model. That is, shared influences are completely correlated

over time. This claim is supported by similar analyses that incorporated twin data

along with our sibling sample, thereby increasing the powerto detect this small effect

(Fulker, Cherny, & Cardon, 1993). This finding suggests that shared environmental

influences might be mainly due to stable familial such as socioeconomicstatus.
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contrast, genetic influences contribute both to developmental continuity and change
in general cognitive ability. Future analyses of longitudinal CAP data will assess the

extent to which these developmental processes are also manifested during the
transition from middle childhood to early adolescence.
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Lon R. Cardon

As explicated in the previous chapter, a developmental genetic analysis of general
intelligence is a relatively straightforward process of imposing a developmental
model upon the traditional univariate adoption design. The study of the develop-
ment of specific cognitive abilities adds a further layer of complexity to the problem
since we have to define an appropriate psychometric structure for the specific test
battery. That is, with multiple specific abilities we must expand the developmental
model to account for observed and underlying relationships between different
measurements within each occasion.
The study of the psychometric relationships of specific abilities has a long history

in psychology, going back to the work of Thurstone (1938), Burt (1939), and
Guilford (1967). Following Spearman’s (1927) strong statement regarding a general
cognitive factor, “g”, it became apparent that the tests that assessed specific cognitive
domains correlated more highly among themselves than they did across domains,
indicating the presence of specific cognitive factors in addition to the pervasive
general factor. The psychometric problem was to define these factors and the
relationships among them in termsof general intelligence. Thurstone suggested that
there were six or seven basic cognitive attributes, whereas later researchers such as
Guilford suggested over a hundred.
A basic issue and occasional point of contention among cognitive psychologists,

past and present, is whether or not these specific abilities are correlated to any
substantial degree or whether they are largely independent of each other. That is,
are we dealing with orthogonal or correlated factors? The notion of orthogonal
factors is incompatible with the concept of “g” and seems implausible to many
psychologists (e.g., Humphreys, 1985; Vernon, 1979). Thus, a model involving_
correlatedfactorsseems more reasonable to many intelligenceresearchers.

Ininant: sessorNSEERA

The notion of correlated factors leads naturally to a hierarchical model of
intelligence of the type proposed by Burt (1949), for which there is considerable
current support (see Scarr, 1989). The hierarchical intelligence model includes three
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or more increasingly general levels of abilities, from very specific attributes assessed

at the level of the psychometric instrument to one or more superordinate general

intelligence factors. The number of specific and general abilities, as well as the

number and complexity of the intervening levels, frequently differs among investig-

ators. In the present context there are three levels of the hierarchy we wish to

recognize: (1) individual tests, (2) ability groups defined by the tests, and (3) a

cluster of ability groups, a single general factor we call general intelligence.

One great advantage of this modelis that test-specific variance is separated from

that of the factor defining the ability. Thus, idiosyncratic aspects of a particulartest,

together with unreliability, are in principle separated from our definition of the

specific cognitive trait. Consequently, the relationship amongthese specific cognit-

ive traits is also expected to be free of these artifacts. Of course, the ideal in this

respect would involve a very large number of specific tests or indicators of the

trait; however, in practice, we are limited to at best three and usually two such

indicators.

The test battery that we employ in the CAP is based on the cognitive tests

developed for the Hawaii Family Study of Cognition (DeFries, Plomin, Vanden-

berg, & Kuse, 1981) in which four major specific abilities were defined: verbal

ability, spatial ability, perceptual speed, and visual memory. The test battery for

adults contains 16 tests tapping these domains. For testing children, test batteries

were adapted by CAPinvestigators in an attempt to assess these same four domains.

Unlike general cognitive ability, which can be measured even at the earlier ages,

specific cognitive abilities did not seem to emerge as measureable entities until age

3 (Rice, Corley, Fulker, & Plomin, 1986; Singer, Corley, Guiffrida, & Plomin,

1984). Nevertheless, individual differences in several of the abilities measured after

age 3 are due substantially to genetic influences (Bergeman, Plomin, DeFries, &

Fulker, 1988; Plomin & DeFries, 1985; Rice, Carey, Fulker, & DeFries, 1989).

Moreover, these analyses suggest that different abilities are differentially influenced

by genetic and environmental factorsin early childhood.

The primary issue we address in this chapter is the changing pattern of these

differential effects and their emergence and persistence between the ages of 3 and

9 years.

Hierarchical Model of Specific Abilities in the CAP

Cardon, Fulker, DeFries, and Plomin (1992) have developed a genetic hierarchical

model for application to CAPsibling data at one time point. This modelis designed

to estimate genetic and environmental effects which are common to different

abilities and to separate these effects from those which impact each ability

independently. This separation permits rigorous evaluation of two competing

hypotheses: (1) the “genetic ‘g’” or “single set” hypothesis (Eaves & Gale, 1974;

Vandenberg, 1968), which holds that different abilities are influenced by the same

set of genes that create similarities among abilities; and (2) the “specificity”

hypothesis, which posits that different sets of genes affect different cognitive
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66 99abilities. Of course, a third possibility is the presence of both specific and “g” genes,
and the hierarchical model can detect this pattern of influence as well. This is an
extension of earlier specific-abilities models which discerned the extent to which
different abilities are differentially influenced by genetic/environmental compon-
ents, but did not elucidate the sources of the differential effects.
A path diagram of the hierarchical specification for one time point is presented

in Figure 5.1. Although the number of measurements differs at the various child
ages in the CAP, the diagram illustrates the typical case of eight measures, of which
two each define the Verbal (V), Spatial (S), Perceptual Speed (P), and Memory (M)
primary group factors. Correlations among the primary factors are explained by a
general common factor (IQ). Factor loadings for the general factor and primary
factors are denoted by y; and A,, respectively, and primary factor residuals and
measurement-specific effects are respectively labeled wj and ¢;. A description of the
parameter derivations and sibling covariance expectations has been presented by
Cardon, Fulker, DeFries, and Plomin (1992).

Schmid-Leiman transformation

Taken at face value, hierarchical models do not yield conclusive evidence for a
common factor with independent group factors because all factors are potentially
correlated in hierarchical models (Humphreys, 1985, 1989; Humphreys & Davey,
1988). However, hierarchical formulations may be transformed to yield orthogonal
commonand group factors. One such transformation is the Schmid-Leiman (1957)

 
Figure 5.1 Wierarchical path model of specific abilities in the CAP. Symbols V, S, P, and
M denote Verbal, Spatial, Perceptual Speed, and Memoryabilities, respectively. Residual
effects are symbolized as R. Generalintelligence is represented by the higher-order factor IQ.
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procedure, which involves products of hierarchical factor loadings to generate a

general factor and uncorrelated primary factors.

Figure 5.2 shows a path diagram of the hierarchical model of Figure 5.1 after

Schmid-Leiman transformation. The factor loadings on the general factor are

created as the product of the first-order coefficients, 4;, and the relevant general

factor loading, y,;; the orthogonal primary factor loadings are products of the

first-order loadings, A,;, and the primary factor residual coefficients, y;. Measure-

ment-specific effects are unchanged by the Schmid-Leiman procedure.

Comparison of adoptive and nonadoptive sibling pairs provides a meansto assess

the extent to which genetic and environmental influences on specific-ability

measures correspond to the general factor or specific-ability domains shown in

Figures 5.1 and 5.2. This involves estimation of hierarchical parameters for each

covariance component, genetic (G), shared environmental (C) and nonshared or

unique environmental (SE), and fitting the model according to the general multi-

variate genetic procedure outlined in Chapter 3. Then, the Schmid-Leimanproced-

ure is employed to separate the genetic and environmental variation of each

cognitive ability measure into uncorrelated componentsrelating to general intel-

ligence, primary abilities, and measurement-specific effects. For the ongoing CAP

sibling data we employthe pedigree function shown in Eq. 20 of Chapter 3 to make

full use of all available data at each age point.

Specific-Ability Measures

A major effort in the CAP has been directed toward the development of measures

of specific abilities that broadly define the verbal, spatial, perceptual speed, and

IQ

MY hays Asa Aes

Aso AeY3 Ya
Y;
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V; V2 S; S2 P, P2 M, M.

“\| \/- “\/- “\/- .

V S P M

Figure 5.2 Schmid-Leiman (1957) transformation of hierarchical model.
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memory domains in early and middle childhood. At age 3 the children are
administered seven specific-ability measures constructed by the CAPstaff, whereas
at 4 years they are administered nine tests. The year 7 test battery consists of two
subscales of the WISC-R (Wechsler, 1974) andsix tests of specific cognitive abilities
constructed by the CAPstaff. The tests administered at 9 years of age are modified
from the HFSC and CAPadult batteries for telephone administration. Results of

Table 5.1 Factor loadings for child tests of specific cognitive abilities

$$

eee
Age Measure Factor

 

Verbal Spatial Perceptual Speed Memoryee

EEEPOE

3 Word Fluency 97 ld .03 01
Block Design 1] 93 .O2 .04
Form Discrimination 10 —.15 61 01
Picture Identification — .05 19 19 — .08
Figure-Ground 01 — .04 48 40
Recognition Memory ~—.12 27 03 2
Picture Vocabulary 16 —.14 .03 63

4 Word Fluency 9 .09 11 — .09
Picture Vocabulary 14 .04 — .08 22
Vocabulary 78 —-.01 O01 —.09
Block Design — .06 61 12 01
Puzzle Solving 06 87 —.11 02
Form Discrimination — .02 .04 58 05
Picture Identification .06 — .03 69 .O1
Immediate Memory .09 O7 — .02 OF
Delayed Memory —.08 02 .08 68

7 WISC-R Vocabulary Od 14 —.14 04
Things/Categories 79 —.13 18 — .03
WISC-R Blocks 05 Ol ll — .06
Spatial Relations — .03 87 — .04 .06
Identical Pictures — .00 06 61 01
Colo. Perceptual Speed O01 01 .86 .03
Immediate Memory — .03 .03 .06 65
Delayed Memory .04 — .04 03 68

9 Vocabulary OF .04 01 — .02
Similarities 89 —.05 —.02 01
Hidden Patterns 07 5 35 04
Card Rotation —.00 96 — .07 01
Finding As —.02 —.07 93 — .02
Colo. Perceptual Speed 04 09 78° 04
Immediate Memory 01 .06 — .03 89
Delayed Memory —.01 — .06 02 92

en

S
S

SSehSusserVUsnsccsivens

Note: Measures used to define each factor in the multivariate genetic analyses are in italics.
The Figure-Groundtest at age 3 is used as an indicator of both Perceptual Speed and Memory.
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exploratory and confirmatory factor analyses have indicated that the children’s test

batteries adequately assess the four cognitive domains and that the Verbal, Spatial,

Perceptual Speed, and Memoryfactors defined by the battery are similar to those

assessed by the adult measures, particularly at the later ages (see Table 5.1 and

Cyphers, Fulker, Plomin, & DeFries, 1989). Test-retest correlations for the year 9

telephone measures are similar to the in-person adult scales (Kent and Plomin,

1987), and the factor structure is congruent with that observed in the year 7 battery

(Cardon, Corley, DeFries, Plomin, & Fulker, 1992).

Table 5.1 showsthe factor patterns for the various tests at 3, 4, 7, and 9 years of

age. The loadings were obtained by principal-components analysis with oblique

rotation to allow for four correlated ability factors at each age. The relevant factor

loadings for each measure on the Verbal, Spatial, Perceptual Speed, and Memory

factors are italicized, showing a fairly clear separation of abilities at each age. The

measures were corrected for sex and age effects by multiple regression prior to the

factor analyses. Current sample sizes for which specific ability measurements are

available are shown in Table 5.2.

Table 5.2. Numberof subjects tested on specific-ability measurements

 

Type of individuals Age

3 4 / g

Probands:

Adopted 226 221 201 191

Nonadopted 232 233 219 178

Siblings:

Adopted sibs of adoptees 80 77 49 28

Nonadopted sibs of adoptees 23 23 20 17

Sibs of nonadoptees 109 11] 74 54

 

Correlations amongtheoffspring ability factors are presented in Table 5.3. The

correlations in the diagonal blocks of this table, typically ranging from .20 to .30,

represent ability associations within each measurement occasion, and, thus, are

manifestations of the “g” factor at each age. The off-diagonal blocks reflect

continuity of the specific abilities over time. The interesting trend in these

correlations is the tendency for within-ability correlations to be greater than the

cross-trait correlations. For example, the within-ability correlations between ages 4

and 7 are .42, .39, .30, and .16 for V, S, P, and M,respectively, whereas the

cross-trait values are generally smaller, and range from .00 to .35. This pattern

indicates greater continuity of particular specific abilities than continuity of “g,”

since the reduced cross-trait, cross-time correlations are representative of overlap-

ping abilities comprising the “g”factor.

Mean differences for gender and adoption status (adopted versus nonadopted

probands) were examined with all of the (uncorrected) individual tests at each age

serving as dependent variables in a series of MANOVAs. The outcomesrevealed

adoption status differences at ages 3 (F737 = 2.36, p = 02) and 7 (P43 = 2.22,
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p = .03), and gender differences at ages 4 (Fo369 = 4.02, p < .01), 7 (Fe4i3 = 8.25,
p= .00), and 9 (F342 = 4.02, p = .02). Univariate F tests of these significant
MANOVAs, although notstrictly appropriate due to the lack of independence of
the ability tests, reveal that the adoption status differences are uniformly in the
direction of higher scores for nonadopted than adopted probands with noconsistent
relation to ability area. In contrast, the gender differences are domain-specific, with
males scoring higher on verbaland spatial tests at ages 7 and 9 and females scoring
higher on verbal tests at age 3 and memorytests at ages 3, 7, and 9. In mostcases
these differences are relatively small and are unlikely to have adverse effects on our
model-fitting to covariance structures.

Hierarchical Model-Fitting Results

Hierarchical models includingall parameters for genetic, shared environmental, and
unique environmental factor structures werefitted to the specific-ability data from
the adoptive and nonadoptive siblings at 3, 4, 7, and 9 years. The results from these
models are presented separately for each age.

Year 3

The full hierarchical genetic model for the year 3 sibling data has 51 free
parameters, comprised of four higher order factor loadings (y), two primary factor
residuals (w), four measurement loadings (A), and seven error terms for each of the
three latent covariance components. Application of the model to the seven ability
measures at this age yielded a log-likelihood of —1710.23 for the 51 estimated
parameters. Standardized parameter estimates from the fit of the full model are
presented in Table 5.4. In this table, the “genetic factor” columnindicates genetic
overlap between “g” and latent group factors for the top portion of the table; in the
bottom portion of the table, this column indicates genetic overlap between latent
group factors and observed measures. The “genetic residual” column refers to
genetic influence independent of “g”(in the top portion ofthe table) or independent
of latent group factors (in the bottom portion). The other columns in the table
indicate overlapping (“factor”) and independent (“residual”) unique environmental
and shared environmental influences.
The genetic results in the top portion of the table show moderate to large factor

loadings for the four abilities on “g” (range = .26-.74), with additional genetic
variation independent of “g” on the Perceptual Speed factor (residual = .53). This
outcome indicates that although the genetic “g” factor accounts for the majority of
the genetic variance on the four primary abilities, there are heritable effects beyond
those impacting general intelligence. The results in the bottom of the table show
that much of the genetic influence on each specific test is explained by the latent
factors and “g.” Most measures showlittle heritable variation independent of the
verbal, spatial, perceptual speed, and memoryability groups.



Table 5.3. Correlations among Verbal (V), Spatial (S), Perceptual Speed (P), and Memory (M) factors in CAP children

on

Age Factor Age 3 Age 4 Age 7 Age 9

V S P M V S P M V S P M V R) P M

3 V 1.00

S 32 ~=61.00

P 29 34 =1.00

M 31 32 .28 1.00

4 V .38 31 .26 .33 1.00

S .20 .36 22 25 22 1.00

P .07 26 22 17 19 25  ~=1.00

M 16 14 12 29 16 19 20 1.00

7 V 22 27 1 27 42 10 02 10 ~=1.00

S .07 19 .08 18 .08 .39 15 16 16 1.00

P 13 .30 28 07 23 35 30 =©6—.00 25 28 §=1.00

M 5 15 12 14 09 20 15 16 13 21 21 1.00

9 V 26 22 13 25 .36 10 .03 15 59 .20 19 .20 1.00

S 12 27 16 .23 .18 34 22 10 19 45 31 All 31

=

1.00

P 02 22 14 13 02 .20 27 14 18 23 42 .20 26 42 1.00

M 1] 22 23 .20 08 03 15 04 13 .08 1 25 15 .26 13 1.00
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The shared environmentfindings in Table 5.4 are somewhat similar to the genetic
outcomes, but much smaller in magnitude. Most of the shared environmental effects
appear general rather than specific at this age, although there may be additional
environmental effects specific to memory (residual = .25). Shared environmental
variance components of the individual measures also mirror the genetic pattern of
little effect independent of that attributable to the ability groups. In contrast,
environmental effects unshared by siblings appear to influence each ability differ-
ently, as indicated by several large residual estimates (range = .08 to .71) and small
or moderate “g” loadings for all ability groups. In addition, the unique-environment
measurementresiduals are much larger than those estimated for genetic or shared
environmental effects, which are likely to reflect to some extent test measurement
error which confounds these estimates. Overall, the environmental results suggest
that non-genetic factors, particularly unique environmental factors, are strong
determinants of specific cognitive abilities at age 3.

Table 5.4 Phenotypically standardized factor loadings and variance componentsfor
specific cognitive ability measures at 3 years of age
eee
Measure Unique Shared Genetic

environmental environmental

Fac. Res. Fac. Res. Fac. Res. e? c? h?

 

Primary factors

Verbal 21 .66 19 .04 .68 16 47 =.04—49
Spatial 45 .66. .53 .04 .26 16 63 .28 .09
Perceptual Speed 14 .08 38 .00 14 53 03 .14 83
Memory 45 71 29 25 38 .00 Jl W514

Measures

Word Fluency 42 719 12 .00 43 .00 80 02 .18
Block Design 49 79 32 .00 19 .00 86 .11 .04
Form Discrimination 12 62 26 26 .63 28 39

=

.14 47
Picture Identification .24 81 .09 .00 52 10 71 01.28
Figure-Ground? 13 49 —.40 01 37 O01 69 15 .16

-—.17 59 .04
Recognition Memory 16 43 .34 .00 34 01 76 12. 12
Picture Vocabulary 13 16 21 .00 .60 O01 39 0437

eeeTS

tee

SPSSSSTssseSssUSS

Note: Residual values (“Res.”) represent factor residuals in the context of primary factors and measurement
residuals in relation to specific measures. Factor loadings (“Fac.”) refer to loadings of primary factors on
the commonfactor for the top section of the table and to observed measures on the primary factors in
the bottom section of the table.
* Figure-Ground measure loads on Spatial and Perceptual Speed factors. Thefirst row of estimates refers
to the Spatial factor; the second row corresponds to Perceptual Speed.

It is important to note that the variance components shown in the top right
portion of Table 5.4 warrant somewhatdifferent interpretations than those typically
ascribed to h’, c’, and e”. The variance components shown in the table, which are
calculated as the sum ofthe relevant factor loadings squared, reflect proportions of
latentfactor variance. Because unreliability contributes only to the variance ofindividual
tests, estimates offactor heritability and environmentality may be expected to differ
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from those typically reported, which include measurementerror in the e” estimates.

For example, the Perceptual Speed factor has an estimated h* of .83 and e? of .03.

These indicate that after accounting for the measurementerror of the tests defining

this factor, the remaining true-score variance is largely familial. In contrast, average

h? and e2 estimates for the tests that define the Perceptual Speed factor are .30 and

.60, which are fully consistent with those typically reported.

The estimated phenotypic, genetic, and environmental correlations among the

ability factors are presented in Table 5.5. These correlations encompass all ability

associations explained by “g.” The estimated phenotypic correlations between

abilities are moderate to large (range = .37-.60) and similar to, albeit somewhat

larger than, the observed correlations shown in Table 5.3. The genetic correlations

are uniformly large (.69-.97), again emphasizing that the genetic influences on

cognitive abilities relate more strongly to “g” than to specific abilities. Shared

environmental correlations also are quite large, suggesting that home-environ-

ment influences do not differ greatly among abilities. However, these correlations

should be interpreted with caution because they are based on very small ¢’ effects

(shown on the diagonal of the shared environmental correlation matrix). The

unique-environmentcorrelations are low to moderate (.16—-.48), which is to be

expected given that most of these effects appear ability-specific in the parameter

estimates in Table 5.4.

Table 5.5 Estimated phenotypic, genetic, and environmental

correlations amongability factors at 3 years of age

  

Factor Verbal Spatial Perceptual Speed Memory

Phenotypic

Verbal 1.00

Spatial 37 1.00

Perceptual Speed .60 45 1.00

Memory 41 45 45 1.00

Genetic

Verbal 49

Spatial 82 .09

Perceptual Speed 19 .69 .83

Memory 97 85 81 14

Shared environmental

Verbal 04

Spatial .98 28

Perceptual Speed .98 99 14

Memory 14 16 76 5

Unique environmental

Verbal 47

Spatial 17 .63

Perceptual Speed .26 48 03

Memory .16 .30 45 71

 

Note: Variance components are shown on the diagonals of the genetic and

environmental matrices.
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Year 4

The full hierarchical genetic model for the year 4 sibling data has 66 free
parameters, consisting of four higher order factor loadings, four primary factor
residuals, five measurement loadings, and nine error terms for each of the three
latent covariance components. Application of the model to the nine ability measures
at this age yielded a log-likelihood of —2219.18 for the 66 estimated parameters.
Table 5.6 shows the parameter estimates from the fit of the full model.

Table 5.6 Phenotypically standardized factor loadings and variance componentsfor
specific cognitive ability measures at 4 years of age
eee
Measure Unique Shared Genetic

environmental environmental

Fac. Res. Fac. Res. Fac. Res. @ ce? h?

 

Primary factors

Verbal 50 .66 01 17 50 18 69 03 .29
Spatial 41 84 17 03 32 .00 86 03 11
Perceptual Speed 71 .09 12 01 27 .63 52 Ol .47
Memory 17 77 .04 .00 .60 09 63 00 .37

Measures

Word Fluency 43 85 .09 .00 28 .O1 92 01 .08
Picture Vocabulary 09 .60 49 01 46 43 37 24.39
Vocabulary .38 84 32 .00 24 .00 84 .10 .06
Block Design 19 52 AS .00 28 .00 20 =.02 ~—-«.08
Puzzle Solving 35 76 41 .00 .36 .03 10 17-13
Form Discrimination .59 57 10 .00 7 .00 67 O01 .32
Picture Identification .67 .63 12 13 .36 .00 84 8.03.13
Immediate Memory 38 .64 .03 .O1 44 26 74 00 .26
Delayed Memory 81 56 14 .00 16 .00 .96 02 .03
a

ee

Note: Residual values (“Res.”) represent factor residuals in the context of primary factors and
measurement residuals in relation to specific measures. Factor loadings (“Fac.”) refer to loadings of
primary factors on the common factor for the top section of the table and to observed measures on the
primary factors in the bottom section of the table.

In general, the results for the year 4 data are similar to the year 3 findings. The
genetic “g” accounts for most of the genetic effects on the four ability groups
(range = .27-.60), with Perceptual Speed ability showing additional specific influence.
Heritable variation on each of the nine measures is largely attributable to the four
primaryabilities, as in the case of the year 3 outcomes. Unique environmental effects
also show the year 3 pattern of considerable ability-specific effects on several of the
group factors, but reveal an additional general factor emerging at this age. Again,
measurementresiduals appear quite large for this source of variance, and are likely to
reflect test measurement error to some degree. Neither specific nor general abilities
seem influenced by shared environmental effects at year 4, as c? effects are distinctly
absent for the four ability groups (.01—.03) and for most of the individualtests (.00-.24).
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The phenotypic, genetic, and unique environmental correlations for the four

primary abilities at age 4 are presented in Table 5.7. Shared-environment correla-

tions have been omitted from the table because of the small effects at this age. The

patterns of phenotypic and unique-environmentcorrelations closely resemble those

observed at 3 years, revealing fairly uniform, moderate correlations at the pheno-

typic level (range = .27-.49), and low to moderate correlations at the level of the

unique environment (.09-.60). The genetic correlations also are similar to the year

3 correlations, showing strong associations due to the impact of “g.” Still, several

of the genetic correlations are smaller than those notedat age 3, reflecting increased

levels of genetic specificity for some abilities at this age. This trend toward

increasing specificity is manifest in the average genetic correlations, which change

from .87 at age 3 to .67 at age 4.

Table 5.7 Estimated phenotypic, genetic, and environmental

correlations among ability factors at 4 years of age

 

Factor Verbal Spatial Perceptual Speed Memory

Phenotypic

Verbal 1.00

Spatial 37 1.00

Perceptual Speed 49 40 1.00

Memory 39 27 29 1.00

Genetic

Verbal 29

Spatial .94 11

Perceptual Speed 37 39 47

Memory 93 99 39 37

Unique environmental

Verbal .69

Spatial 27 .86

Perceptual Speed .60 44 52

Memory 13 .09 21 .63

Note: Variance components are shown on the diagonals of the genetic and

environmental matrices.

Year 7

The year 7 data consist of eight specific-ability measures administered to the

adopted and nonadoptedsiblings in the CAP. The full hierarchical model for the

year 7 data has 60 free parameters, including four higher order factor loadings, four

primary factor residuals, four measurement loadings, and eight error terms for the

genetic, shared environmental, and unique environmental effects. Application of the

model to the eight tests administered at age 7 yielded a log-likelihood of —1600.99

for the 60 free parameters. Table 5.8 shows the parameter estimates from thefit of

the full year 7 model.
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The “genetic factor” column shows moderate to strong loadings forall factors and
all measures. This finding indicates that genetic influence on all primaryabilitiesis
to some extent shared with genetic influence on “g” and that genetic influence on
all observed measures overlaps with genetic influence on the relevant ability group.
These outcomesare similar to those observed at earlier ages, but are accompanied by
greater proportionsof ability-specific genetic variance than at ages 3 or 4 (Verbal =
.56(.757); Spatial = .18; Memory = ./1). It should be noted that these results are
consistent with those of the hierarchical analyses previously reported by Cardon,
Fulker, DeFries, and Plomin (1992), but the parameter estimates are not identical
because the present sample is larger than the one examined in the earlier study.

Table 5.8 Phenotypically standardized factor loadings and variance components for
specific cognitive ability measures at 7 years of age

 

Measure Unique Shared Genetic

environmental environmental

Fac. Res. Fac. Res. Fac. Res. ee? Cc? h?

 

Primary factors

Verbal .04 01 59 00 .29 75 00 35 .65
Spatial .06 00 ~=.07 15 .88 43 00 .03 .97
Perceptual Speed 46 67 02 .00 58 02 .66 .00  .34
Memory .03 41 07 00 -.33 84 17 00 .82

Measures

Vocabulary .04 64  .45 00 -.62 07 41 21 .38
Things 44 51 .04 23 61 33 45 06 .49
Block Design 04 73 11 12 .66 00 .53 .03. .44
Spatial Relations 29 .50 10 32 14 .00 34 11.55
Identical pictures 70 43 02 25 51 10 67 06 .27
Perceptual Speed 42 55 21 .00 40 .56 48 8.04 48
Immediate Memory 40 18 07 12 .88 13 20 02 .78
Delayed Memory 24 .66 14 .O1 70 .06 49 02 .49

 

Note: Residual values (“Res.”) represent factor residuals in the context of primary factors and
measurement residuals in relation to specific measures. Factor loadings (“Fac.”) refer to loadings of
primary factors on the common factor for the top section of the table and to observed measures on the

primaryfactors in the bottom section of the table.

Unique environmental effects at age 7 closely resemble those apparent at age 3,
with two ability factors displaying specific variation and a lack of general factor
influence. Shared environmental effects appear substantial for the Verbal ability
group, but shared environmental effects do not contribute greatly to either variances
or covariances of the other primary abilities or the individual measures which were
apparent at 3 and 4 yearsof age.

The phenotypic and genetic correlations derived from the parameter estimates in
Table 5.8 are shown in Table 5.9. The phenotypic correlations are moderate, as
are the estimated correlations at the previous occasions. Genetic correlations extend
the pattern arising at age 4 toward more moderate genetic associations among the
primary abilities. These reduced correlations reflect the greater impact of specific
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genetic variance at this age. Correlations among shared and unique environmental

factors are not presented in Table 5.9 because most shared-environmenteffects are

too small to warrant interpretation and nearly all unique-environmentcorrelations

are zero because the effects are specific, rather than general in origin.

Year 9

The year 9 hierarchical model has 60 free parameters, with an identical factor structure

to the year 7 model. Parameter estimates from application of the modelto the eight

measures are given in Table 5.10. The model yielded a log-likelihood of —1476.16.

Table 5.9 Estimated phenotypic and genetic correlations among

ability factors at 7 years of age

Factor Verbal Spatial Perceptual Speed Memory

Phenotypic

Verbal 1.00

Spatial 30 1.00

Perceptual Speed Al) 55 1.00

Memory 14 .30 21 1.00

Genetic

Verbal 65

Spatial 32 97

Perceptual Speed 36 90 .34

Memory 13 .33 37 82

Note: Heritabilities are shown on the diagonal of the genetic correlation

matrix.

Table 5.10 Phenotypically standardized factor loadings and variance componentsfor

specific cognitive ability measures at 9 years of age

Measure Unique Shared Genetic

environmental environmental

Fac. Res. Fac. Res. Fac. Res. @ c? h?

Primary factors

Verbal 24 38 .00 24 73 47 20 06 .74

Spatial 18 01 25 45 35 05 61 26 .13

Perceptual Speed 53 20 80 04 19 .00 32 64 ~=.04

Memory 28 80 -.06 01 22 01 95 00 .05

Measures

Vocabulary 32 70 «17 01 62 01 59 03 .38

Similarities 74 43 39 02 28 19 43 16.11

Hidden Patterns .60 .03 .39 .03 27 .64 36 ©=©6.16 48

Card Rotation 45 47 19 .00 35 .64 43 .04 54

Finding As 42 66 .60 .00 AS .00 62 36 .02

Perceptual Speed 49 .68 .46 .00 31 .00 69 21 «210
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Measure Unique Shared Genetic

environmental

—

environmental

Fac. Res. Fac. Res. Fac. Res. e c? h?

nner

a

el

Immediate Memory 92 .O1 .06 13 .20 32 84 02 .14
Delayed Memory .68 .68 02 00 =.26 00 93 .00

=

.07—_—_—_——

et

Note: Residual values (“Res.”) represent factor residuals in the context of primary factors and
measurement residuals in relation to specific measures. Factor loadings (“Fac.”) refer to loadings of
primary factors on the common factor for the top section of the table and to observed measures on the
primary factors in the bottom section of the table.

 

The year 9 results differ somewhat from those at earlier ages, possibly due to the
small sample sizes at 9 years. At this age nearly all the genetic effects appear in the
general factor loadings (range = .19-.73), and only verbal abilities show genetic
influence independentof “g” (residual = .47). Shared environmental influences on the
four primaryabilities are somewhatlarger than those observedearlier, particularly with
respect to Spatial and Perceptual Speed abilities. Only the unique-environmenteffects
resemble those at 3, 4, and 7 years, revealing substantial environmental influences

Table 5.11 Estimated phenotypic, genetic, and environmental correlations
among ability factors at 9 years of age

  

Factor Verbal Spatial Perceptual Speed Memory

Phenotypic

Verbal 1.00

Spatial 44 1.00

Perceptual Speed 27 .68 1.00

Memory 22 3] 24 1.00

Genetic

Verbal 74

Spatial 83 13

Perceptual Speed 84 99 04

Memory 84 .99 99 05

Shared environmental

Verbal 06

Spatial .O1 26

Perceptual Speed .O1 49 .64
Memory .00 .00 .00 .00

Unique environmental

Verbal .20

Spatial 4 61

Perceptual Speed 50 .94 32
Memory 15 28 .26 95

 

Note: Variance components are shown on the diagonals of the genetic and
environmental matrices.



72 Specific Cognitive Abilities

whichare ability-specific for most factors. However, there are unique environmental

effects that also are correlated at this age, as “g” loadings range from .24 to .78.

Estimated correlations among the primary ability factors at age 9 are presented in

Table 5.11. Again the phenotypic and unique environmental correlations are

uniform and moderate, although the correlations between the Spatial and Perceptual

Speed factors are increased (phenotypic r = .68; unique environmental r = .94). The

genetic correlations are uniformly quite large, similar to those at ages 3 and 4, but

not age 7. It is important to emphasize, however, that several of the genetic

correlations are based on very small heritability estimates.

(a) IQ

.10 10

 

(b) IQ

34 51 34 33 39 34 32 40 20

V; V2 V; S, S, P, P, M, M,

23 34 23 21 /- \/: \/

V S P M

Figure 5.3 Genetic parameter estimates for a) year 3 and b) year 4 after Schmid-Leiman

transformation. Residual measurementeffects have been omitted from the diagram forclarity.
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For comparison of the genetic findings at each of the measurement ages in the CAP
children, the genetic factor structures are shown after Schmid-Leiman transforma-
tion in Figures 5.3 and 5.4. The results in the figures illustrate some variability over
time with respect to genetic influences on primaryabilities independent of “g,” but
some regularity as regards genetic effects relating to “g” and the presence of
heritable variation on Verbal abilities beyond that accountable by “g.”
The genetic “g” is apparent at all ages, as perhaps are independent Verbaleffects,

but the other factors do not show thesestructural similarities across these ages. The
Spatial and Memory variables reveal substantial genetic impact during the inter-
mediate ages (years 4 and 7), but these effects are not apparent at ages 3 or 9. The
Perceptual Speed tests are influenced by genetic effects independent of “g” at the
early ages but disappear almost entirely at the later occasions.

  

(a)

22 22 59 67 50

V, V, S ' S, P, P ) M, M,

‘\| ‘\/ 81 65

V S M

 

V, V, S, S, P,

\|: “\/-

V S

Figure 5.4 Genetic parameter estimates for a) year 7 and b) year 9 after Schmid-Leiman
transformation. Residual measurementeffects have been omitted from the diagram forclarity.
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Longitudinal Hierachical Model

pattern of genetic influences on specific abilities. For example, are the genetic
effects that contribute to the apparent “genetic g” the same or different at the four
ages? How do the specific genetic factors relate to one another during early and
middle childhood? Are any ages particularly important for change in specific
abilities, such as that observed in general IQ?

T’o examine these issues we have recently developed a longitudinal extension of
the hierarchical model for application to the CAP sibling data (Cardon & Fulker, in
press). A phenotypic path diagram of this model is shown in Figure 5.5. The model
consists of hierarchical abilities at each of the four ages as depicted in Figure 5.1,
but permits trait variation at each age directly to impact subsequent ages. Develop-
mental stability is modeled by transmission parameters tT; and B;, which represent
the stability of “g” and the primary abilities, respectively. These stability parameters
are allowed to vary between all ages in order to account for differential continuity
of specific abilities during early and middle childhood.

Application of this model to the CAP sibling data yielded several interesting
results. First, the ability-specific genetic effects show considerable age-to-age
stability, indicating that genetic influences on certain abilities at early ages tend to
have substantial persistence and impact at later ages. Second, the patterns of
longitudinal and hierarchical loadings for “g” and the specific abilities suggest that
the genetic effects which influence observed continuity in general intelligence
overlap with those influencing specific abilities; that is, the persistent “g” genes are
not independent of the persistent specific-ability genes. And third, the residual
loadings on “g” and specific abilities strongly suggest a developmental shift in the
genetic etiology of individual differences in specific abilities between age 4 and 7
years. In particular, the genetic influences manifested at the first occasion continue
to influence abilities at all later occasions, and these effects are augmented by new
genetic variation at around age 7, which in turn persists through age 9. This
outcome, coupled with a similar finding for general intelligence noted in the
previous chapter, points to a genetic basis for the dramatic changes during the
transition from early to middle childhood which have long been observed by
developmental psychologists (e.g., Piaget, 1962).

Conclusions

The study of individual differences in specific cognitive abilities has inherent
complexities beyond those involved in assessments of general mental ability, due to
the required treatment of multiple measures and their psychometric foundations.
Our recent efforts in the CAP have been devoted to exploring the hierarchical
conception of mental abilities in which the psychometric framework is embedded



naturally within the theoretical intelligence model. This approach, and its extension

to genetic and environmental components, moves beyond evaluation of genetic

and/or environmental etiologies for particular cognitive traits to help elucidate the

underlying sources contributing to associations among the traits. In this chapter we

have discussed applications of the genetic hierarchical model to adoptive/ nonadopt-

ive sibling data in the CAP which were aimed at determining the extent to which

Verbal, Spatial, Perceptual Speed, and Memoryabilities are genetically and envir-

onmentally influenced in early and middle childhood, the extent to which those

influences are unique to each ability or common amongst them, and the continuity

and change in the genetic and environmental effects from 3 to 9 years of age.

The results present a strong case for the importance of both genetic and

environmental effects throughout this period of development. At the early age

points, years 3 and 4, the genetic effects appear commonto the four abilities, with

only Perceptual Speed attributes showing independent genetic influences. Between

ages 4 and 7 a trend emerges toward increasing genetic specificity, as different

abilities reveal the impact of unique genetic influences. Genetic effects at age 9 seem

to revert to the early childhood pattern of overlapping genes for different abilities,

but the sample sizes at this age are very small. Longitudinal results further

emphasize the childhood shift between 4 and 7 years of age, showing continuity of

genetic influences throughout early and middle childhood, with an influx of new

genetic variation at age 7. The environmental effects on specific abilities in the CAP

are in large part individually specific at all ages examined; environmentalinfluences

shared by siblings reared together do not exert substantial effects on theseabilities

at these ages. There are notable exceptions, however, as spatial abilities exhibit

shared environmental influence at two of the ages (3 and 9), as do Verbalabilities

and Perceptual Speed at ages 7 and 9, respectively.

In summary, results of the present study suggest that the etiologies of individual

differences in specific cognitive abilities differentiate from those of general cognitive

ability during middle childhood. However, additional data at 9 years of age will be

required to test this hypothesis more rigorously. Future CAP analyses will also

assess the extent to which these developmental genetic and environmental influences

on specific cognitive abilities change during the dramatic transition from middle

childhood to early adolescence.



6 Longitudinal
Predictions of
School-Age Cognitive
Abilities from Infant
Novelty Preference

 

Lee Anne Thompson
Stephen A. Petrill

Earlier theories of individual differences in intelligence that trace intellectual
development from the first year of life through childhood were based on change,
primarily due to the lack of stability between the first year of life and later years.
However, more recent theories have begun to explore the contribution of continuity
as well as change to the developmental process. The increased popularity of the
information-processing approach which studies intelligence in terms of separable
cognitive processes, and the relatively recent discovery of infant measures that are
predictive of later intellectual status, have greatly contributed to this theoretical
transition (Colombo & Mitchell, 1990).

Infant measures that have been developed over the last 20 years have shown
marked improvementin their ability to predict later intelligence when compared to
their predecessors, infant sensori-motor tests (Bornstein & Sigman, 1986; Rose &
Feldman, 1990). Although some work has been doneusing auditory stimuli (O’Connor,
Cohen, & Parmalee, 1984), most measures have been in the visual domain. One
widely used measure involves the rate of habituation to a visual stimulus. Habitu-
ation may reflect the speed and efficiency of the infant’s ability to encode visual
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preschool years. Fagan and Knevel (1989) found that infant visual recognition
memory predicted scores on a verbal factor from the Stanford-Binet administered
at 3 years of age butdid notrelate to the nonverbalfactor. Another study (Colombo,
Mitchell, Dodd, Coldren, & Horowitz, 1989) found that visual recognition memory
at 7 months of age was related to short-term spatial memory at 16 months of age.

Longitudinal data from the CAP provide a unique opportunity to trace the
developmental relations between infant novelty preference and later measures of
generalintelligence, specific cognitive abilities, language development, and academic
achievement. The CAP sample is especially important dueto its large size, and its
use of a diverse battery of cognitive tests across a wide age range spanning infancy
and early and middle childhood. A previous paper has explored the relationship
between early visual recognition memory andspecific cognitive abilities in the CAP
at ages 1, 2, and 3 years (Thompson, Fagan, & Fulker, 1991). Visual recognition
memory wasassessed at 5 and 7 monthsofage using novelty preferencesin a paired
comparisons paradigm. Novelty preference scores were significantly related to
3-year-old IQ but not to Bayley Mental Development Index scores at 1 and 2 years
of age. Novelty preference wasrelated to language skills at 2 and 3 years, and verbal
and memoryscales at 3 years. Partial correlations suggested that novelty preference
is independently related to language and memory at 3 years of age, again lending
support to a multi-process model of infant intelligence.

All of the studies referred to so far have involved longitudinal prediction through
the preschool years. Few studies lookingat predictive validity have gone beyond the
preschool years. Whenintellectual functioning is studied after a child starts formal
schooling, the impact of intelligence on academic achievement becomes an import-
ant question. The current chapter extends the Thompsonetal. (1991) study to
encompass the 4- and 7-year-old cognitive testings in the CAP andalso includes
measures of academic achievement at 7 years of age. Relating novelty preference
scores taken early in life to later scholastic achievement provides additional
information for the exploration of developmental precursors oflater school achieve-
ment reported in the following chapter.

Method

Sample

The current report involves a subsample ofinfants in the Colorado Adoption Project
recruited after 1982, and includes 30 adopted and 81 nonadopted infants. Infants
were full term and normal birthweight with no serious perinatal complications.

Measures

Infant novelty preference The infants were tested at 5 and 7 months of age
with an early version of the Fagan Test of Infant Intelligence (FTII: Fagan &
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measures of scholastic achievement. Again the SCA yields four specific factors
representing Verbal, Spatial, Perceptual Speed, and Memoryabilities, in addition to
the first unrotated principal component, which reflects general cognitive ability. In
the current sample, the first unrotated principal component of the SCAcorrelates
with WISC-R Full Scale IQ at .70.
Teacher ratings of each child’s academic performance with respect to class and

grade level were collected during spring semester ofthe first grade and during the
fall semester of the second grade. Several tests of academic achievement were
administered during the summer between the first and second grades and include:
Reading Recognition from the Peabody Individual Achievement Test (PIAT),
KeyMath Numeration, Addition, and Subtraction subtests, and two tests from the
Clinical Evaluation of Language Functions (CELF): Producing Model Sentences,
and Processing Word and SentenceStructure.

Results and Discussion

Means, standard deviations, and sample sizes for all of the measures at each of the
ages are presented in Table 6.1. Novelty preference meansare similar to other normal
infant samplesin the literature and the variancesareslightly lower (Fagan & Shepherd,
1986). The current analyses combine adopted and nonadoptedinfants into one sample
to maximize the sample size for longitudinal analyses. The two groups did not differ
for mean novelty preference (F199 = .003, p > .95). Novelty preference means and
variances did not differ for males and females — males: N = 62, M = 61.3, SD = 7.4;
females: N = 49, M = 61.6, SD = 6.8; F199 = 0.027, p > .85.

Table 6.1 Meansandstandard deviations for
intelligence and language measures

  

Variable M SD N

Novelty preference 61.4 7.1 113
Follow-up measures

Year |

Bayley MDI 111.3 11.3 111
Year 2

Bayley MDI 108.4 11.6 107
Language

Total 33.9 9.6 107
SICD Receptive 15.4 4.7 107
SICD Expressive 18.5 6.2 107

Year 3

Stanford-Binet IQ. 108.7 14.4 99
Language

Total 24.7 6.5 99
SICD Receptive 11.8 3.5 99
SICD Expressive 12.9 3.7 99

 



82 Longitudinal Predictions of Cognitive Abilities

 

Table 6.1 (Cont.)

 

Variable M SD N

Year 4

Stanford-Binet IQ. 109.6 10.8 95

Year 7

WISC-R IQ 113.3 10.1 97

 

Note: All results from ages 1, 2, and 3 years are taken from

“Longitudinal Prediction of Specific Cognitive Abilities from Infant

Novelty Preference” by L. A. Thompson, J. F. Fagan, and D. W.

Fulker, 1991, Child Development 62, 530-538.

Longitudinal correlations between infant novelty preference andlater intelligence

scores at 1, 2, 3, 4, and 7 years of age are presented in Table 6.2.

Table 6.2 Longitudinal correlations between

infant novelty preference and general cognitive

ability at 1, 2, 3, 4, and 7 years of age
 

 

 

 

Ability Novelty preference

r N

Year |

Bayley MDI 07 11]

Year 2

Bayley MDI .09 107

Year 3

Stanford-Binet IQ .25* 98

SCA First PC .21* 97

Year 4

Binet IQ. .09 94

SCAFirst PC .16 89

Year 7

WISC-R IQ 13 96

SCA First PC 12 96

 

Note: All results from ages 1, 2, and 3 years are taken

from “Longitudinal Prediction of Specific Cognitive

Abilities from Infant Novelty Preference” by L.A.

Thompson, J.F. Fagan, and D.W. Fulker, 1991, Child

Development, 62, 530-538.

*» < .05, one-tailed.

As previously reported, infant novelty preference does not correlate with the Bayley

MDIat ages 1 and 2. The Bayley, especially items administered at 1 year of age, is

a sensori-motortest andis not predictive oflater intelligence. The correlations with

both the Stanford-Binet IQ and the SCA first principal componentare significant

at age 3. The magnitude of these relations is consistent with earlier research.

However, while infant novelty preference correlates positively with general cognitive

ability at ages 4 and 7, the correlations do not reach significance.
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Longitudinal correlations were also calculated between infant novelty preference
and measures oflater specific cognitive abilities, as seen in Table 6.3. These data
indicate that infant novelty preference significantly correlates with Verbal Skill at age
1 and Verbal and Memoryability at age 3. However, infant performance does not
predict specific cognitive skills at 4 and 7 years of age. It should be noted, however,
that while the correlations are low, they are uniformly positive; relations between
novelty preference scores and later cognitive abilities in samples of normal full-term
infants are not generally very high (Fagan & Detterman, 1992) and a sample of
100 infants has only about 37% powerto detect an effect size of .20 (Cohen, 1977).

Table 6.3 Longitudinal correlations between
infant novelty preference and specific cognitive
abilities at 1, 2, 3, 4, and 7 years of age
ee
Abilities Novelty preference

r N

Year |

Means—End .08 111
Imitation 03 111
Verbal Skill .22** 111

Year 2

Spatial 10 107
Lexical .16* 107
Verbal—Symbolic 10 107
Imitation —.05 107

Year 3

Verbal .18** 99
Spatial .14* 99
Perceptual Speed 07 97
Memory .30** 94

Year 4

Verbal 18 94
Spatial .06 94
Perceptual Speed 15 94
Memory .00 90

Year 7

Verbal 15 96
Spatial 10 96
Perceptual Speed 14 96
Memory .05 96
e
S

Seapveshcpersenpesensssseneos

Note: All results from ages 1, 2, and 3 years are taken
from “Longitudinal Prediction of Specific Cognitive
Abilities from Infant Novelty Preference” by L. A.
Thompson,J. F. Fagan, and D. W. Fulker, 1991, Child
Development, 62, 530-538.
*p < .10, **p < .05, one-tailed.

In addition to later cognitive abilities, infant novelty preference was compared to
later language development. As reported in Table 6.4, longitudinal correlations



84 Longitudinal Predictions of Cognitive Abtlties
a

calculated between infant novelty preference and SICD indicate that infant perfor-

mancepositively andsignificantly relates to both Receptive and Expressive language

ability at age 3.

Table 6.4 Longitudinal correlations between

infant novelty preference and language at 2

and 3 years of age

  

Abilities Novelty preference

r N

Year 2

Total .14* 107

Receptive .15* 107

Expressive 10 107

Year 3

Total 30*** 98

Receptive Botte 98

Expressive 22** 98
en

Note: All results from ages 1, 2, and 3 years are taken

from “Longitudinal Prediction of Specific Cognitive

Abilities from Infant Novelty Preference” by L. A.

Thompson, J. F. Fagan, and D. W. Fulker, 1991,

Child Development, 62, 530-538.

*» < 10, **p < .05, ***p < .01, one-tailed.

Finally, longitudinal correlations, presented in Table 6.5, were calculated between

infant novelty preference and academic achievementat age 7. These data indicate

that infant novelty preference significantly correlates with teacher ratings of class

performancein reading skills and with achievement-test performance in math.

As previously mentioned, there are few studiesin the literature that have reported

longitudinal correlations from infant novelty preference into the early school years.

To summarize, although novelty preference scores do notrelate to Bayley scores at

1 and 2 years of age, they significantly relate to Stanford-Binet IQ, Memory, Verbal

Ability and language developmentat 3 years ofage. Cognitive measures at 4 and 7

years of age are not significantly related to novelty preference; however, teacher

ratings of class performance in reading and the KeyMath Addition test adminis-

tered at age 7 are significantly related to novelty preference during the first year

of life.

While the pattern of results at age 3 supports information-processing theories of

cognitive development, the results for ages 4 and 7 years are not as strong. This

may be due to several factors. First, we have limited power to detect small effect

sizes in the current sample. The correlations at ages 4 and 7 are not significantly

different from those at age 3. Previous studies exploring the predictive validity of

novelty preference in normal samples have not found relationships muchlarger than

those reported here. A larger sample may be required to explore the information-

processing model into the early school years. Second, the FTII novelty preference

test used in the study was an early version of the test and consisted of fewer items

than the more widely used current version. Fewer items producea less reliable test.
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Low reliability may have contributed to the relatively low correlations found
between novelty preference and cognitive ability at ages 4 and 7.

Table 6.5 Longitudinal correlations between infant novelty
preference and achievementat 7 years of age

 

Abilities Novelty preference

r N

 

Teacherratings

Grade performance

Reading 20 79
Math 17 79

Class performance

Reading .22* 79
Math 14 78

Achievementtests :

Peabody Individual Achievement
Test — Reading Recognition 12 96

KeyMath

Numeration 05 96
Addition .21* 96
Subtraction 1] 96

CELF

Sentence Structure .02 94
Model Sentences 12 95a

*p < .05, one-tailed.

Conclusions

Infant data from the CAP provide support for an information-processing approach
to the study of cognitive development from the first yearoflife through the early
childhood years. The results indicate that infant novelty preference representsa set
of independent specific cognitive processes, an important contribution to current
theories of cognitive development.
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sally J. Wadsworth

Whereas the two previous chapters focus on the etiology of continuity and change

in general and specific cognitive abilities during early and middle childhood, the

subject of this chapter is educational achievement. Three main issues will be

addressed. First, the hypothesis that adopted children are at an increased risk

for learning disabilities will be discussed. Secondly, developmental precursors

of academic achievement, including performance on measures of general and

specific cognitive abilities, will be explored. Finally, by analyzing data from related

and unrelated sibling pairs, the etiology of covariation between measures of general

cognitive ability and academic achievementwill be assessed.

Risk of Learning Disabilities

Results of several previous studies suggest that adopted children may be at a

relatively high risk for learning disabilities. In 1970, Silver reported that the

frequency of adoption amonglearning-disabled children was almost four times that

expected in a normally-achieving population. In a subsequent study of 225 students

from three private schools for learning-disabled children, Silver (1989) found that

17.3%were adopted, as compared to 3.9% ofthe total population of live births in

the United States in 1982.

More recently, Brodzinsky and Steiger (1991) ascertained the prevalence of

adopted children in selected special-education populations. In a sample of more than

7,000 students classified as neurologically impaired, perceptually impaired, or

emotionally disturbed, the prevalence of adoptees was three to four times that

expected in the normal population. However, the authors cautioned that methodo-

logical problems may occur when subjects are recruited through clinical settings;

thus, more representative target populations are needed in order to determine if

adoptees are especially vulnerable to school-related difficulties.
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of the Wechsler Intelligence Scale for Children — Revised (WISC-R) (Wechsler,

1974) and a modification of Spache’s Diagnostic Reading Scale. While measures

of attentiveness at 4, 8, and 13 months of age predicted IQ and reading ability at

age 10, the authors noted that this relationship may have been due at least in

part to the correlation of parental social class with the infant and childhood

measures.

Analyzing data from 26 subjects, Roe, McClure, and Roe (1983) correlated infant

scores on the Gesell Developmental Schedules (Gesell, 1926) obtained at 3, 5, 7, 9,

and 15 months of age with WISC-R scores at age 12, as well as with scores on the

Peabody Picture Vocabulary Test (PPVT) (Dunn, 1981), and the Wide Range

Achievement Test (WRAT) (Jastak and Jastak, 1978). Whereas the Gesell was

significantly correlated with later tests of nonverbal ability (e.g., WISC-R Perform-

ance IQ), it was not significantly correlated with either reading or arithmetic scores

on the WRAT.In addition, the Gesell did not correlate with later tests of verbal

intelligence, such as the WISC-R Verbal IQ . These investigators suggested that the

failure of the Gesell (and many other infant tests of intelligence) to predict later

intelligence and achievement may be due to the fact that the infant tests often

measure nonverbal, visual—perceptual, and motor coordination skills, while tests of

later intelligence and achievement rely heavily on verbal items.

In this chapter, scores of adopted and nonadopted children on infant measures

of general cognitive ability at 1 and 2 years of age, and on measures of general and

specific cognitive abilities at ages 3, 4, and 7, will be correlated with measures of

school achievementat age 7.

Etiology of Covariation

Although measuresofintelligence are correlated with academic achievement,little is

known regarding the etiology of their covariation. Numerous studies have pro-

vided evidence for significant heritability of general cognitive ability, aver-

aging about .50 by age 7 (Plomin & DeFries, 1985; Plomin, DeFries, & Fulker,

1988). In addition, several studies have investigated genetic and environmental

influences on measures of reading and mathematics achievement in school-aged

children, resulting in heritability estimates as high as .78 for reading achieve-

ment, and .37 for mathematics achievement (Gillis & DeFries, 1991; Stevenson,

Graham, Fredman, & McLoughlin, 1987; Thompson, Detterman, & Plomin, 1991).

Given the substantial phenotypic correlations between measuresofintelligence and

academic achievement, and the apparent influence of genetic factors on both,

covariation among these measures may be due, at least in part, to heritable

influences.

A few recent studies have investigated the etiology of covariation among scores

on measures of cognitive abilities and academic achievement. While some have

focused on the relationship between achievement and general cognitive ability,

others have employed measures of specific cognitive abilities. Brooks et al. (1990)

examined the relationship between WISC-R Full Scale IQ scores and performance
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on three subtests of the Peabody Individual Achievement Test (PIAT) (Dunn &
Markwardt, 1970), Reading Recognition, Reading Comprehension, and Spelling.
Analyzing data from a sample of 86 monozygotic (MZ) and 60 same-sex dizygotic
(DZ) twin pairs participating in the Colorado Reading Project, they assessed the
contributions of genetic and environmental influences to the variance in each of the
measures, as well as to their covariation. Multivariate genetic analyses yielded
heritability estimates of .57 and .45 for IQ and Reading Recognition, respectively,
suggesting substantial genetic influences on both of these measures. Moreover, an
estimated genetic correlation of .58 accounted for about 77%of their phenotypic
correlation, suggesting that the relationship between intelligence and reading
recognition is largely due to heritable influences.

Cardonetal. (1990) investigated the etiology of the relationship between WISC-R
Full Scale, Verbal, and Performance IQand PIAT Reading Recognition, using CAP
parent—offspring data from 119 adoptive families and 120 nonadoptive families. The
phenotypic correlations among these measures were moderate, ranging from .27
between Reading Recognition and Performance IQ to .46 between Reading Recog-
nition and Verbal IQ. Multivariate behavioral genetic analyses yielded moderate
heritability estimates of .36 for Full Scale and Verbal IQ, .38 for Reading
Recognition, and .41 for Performance IQ, suggesting a moderate influence of
genotype on individual differences for each of these measures. Moreover, genetic
influences accounted for about 78% of the observed correlation between reading
achievement and both Full Scale and Verbal IQ, and about 67%of that between
reading achievement and Performance IQ . Thus, these results also suggest that the
relationships between reading achievement and both verbal and nonverbal intel-
ligence are largely due to genetic influences.

Subsequently, Thompson et al. (1991) examined scores of 146 MZ and 132
same-sex DZ twin pairs on measures of specific cognitive abilities (verbal, spatial,
perceptual speed, and memory) as well as on the Metropolitan Achievement Test
(MAT)(Prescott, Barlow, Hogan, & Farr, 1986), including measures of reading,
mathematics, and language skills. Both the phenotypic and genotypic relationships
among these measures, as well as the genetic and environmental contributions to the
variance of each measure, were investigated. Phenotypic correlations among the
individual measures of specific cognitive abilities and those of scholastic achieve-
ment ranged between .22 and .40, with reading correlating .40 to both verbal and
spatial ability, and math correlating .32 with both of these measures. Genetic
influences accounted for more than 80% of the phenotypic correlations between
verbal ability and each of three measures of scholastic achievement. In addition,
more than 80%ofthe observed correlation between spatial ability and language, and
greater than 90%of that between spatial ability and both reading and mathematics
achievement, was found to be due to genetic influences. These findings suggest that
the observed correlations among measures of specific cognitive abilities and schol-
astic achievementare also, to a large extent, genetically mediated.
These previous studies analyzed either twin data or parent—offspring data.

Moreover, whereas the studies of both Brooksetal. (1990) and Cardonetal. (1990)
focused on the relationship between general cognitive ability and reading achieve-
ment, the study by Thompsonetal. (1991) concerned specific cognitive abilities and
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Results

Risk of learning disabilities

Table 7.1 presents means, standard deviations, and effect sizes for the achievement

(REC and MATH), Verbal IQ (VIQ) and Performance IQ (PIQ) test scores of

adopted and nonadopted children at age 7. Effect sizes were computed as the

difference between the two means divided by the pooled standard deviation (Cohen,

1977). The data were subjected to a multivariate analysis of variance (MANOVA)

(SPSS-X, 1988), with the model including adoptive status and gender, as well as

their interaction. Means for adopted children were slightly lower than those for

nonadopted control children on each of the four measures, resulting in a significant

multivariate F test (F433 = 3.12, p = .02). With regard to the univariate compar-

isons, a Bonferroni adjustment (Judd & McClelland, 1989) indicated that an alpha

level of .01 should be used to determine the significance of the difference between

the two groups (a&/number ofcomparisons= .05/4 = .0125). Based on this criterion,

adopted and nonadopted children differed significantly only for VIQ (F',401 = 10.67,

p < .001). Furthermore, this difference accounts for less than 3% of the observed

variance (SStetween/SStotal = R’ for each comparison).

Table 7.1 Means, standard deviations, and effect sizes on achievement

and IQmeasures for adopted and control children at age 7

 

Measure Adopted Control Effect

REC 31.31 + 7.52 31.71 + 8.38 05

MATH 10.91 + 1.26 11.16+ 1.42 19

VIQ 108.54 + 11.57 112.30 + 12.22 .32*

PIQ. 113.15 + 11.55 114.18 + 11.68 .09

(N) 195-199 212-216

Multivariate test F439, = 3.12, p = .02

 

Note: After “Cognitive Abilities of Children at 7 and 12 Years of Age in the

Colorado Adoption Project,” by S. J. Wadsworth, J. C. DeFries, and D. W. Fulker

(in press), Journal ofLearning Disabilities. By PRO-ED Inc. Reprinted by permission.
*p= 01

Table 7.2 presents means, standard deviations, and effect sizes for the individual

subtests of the WISC-R for the adopted and nonadopted groups. Adopted children

obtained slightly lower mean scores than controls on 9 of the 10 subtests.

However, the multivariate F test was nonsignificant (F\o393= 1.58, p = .1). The

univariate tests are significant only for Similarities (F147 = 11.07, p S .001), and the

adopted versus control comparison accounts for less than 3% of the observed

variance.

Gender differences were significant for the MATH composite, PIQ, and three of

the WISC-R subtests (Block Design, Object Assembly, and Mazes), with males

scoring higher than females for each measure. However, these differences account
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scores relative to their IQ, or the proportion placed in special education classes. In
this sample, only 1.0%of the adopted group scored 1.5 standard deviations or more
below expected on REC,versus 1.9%for the control group (y? = .09, » = .7). For
MATH, 7.7%of the adopted children and 5.7%of the control children scored at
least 1.5 standard deviations below expected (y? = .70, p = .4). With regard to the
proportions of adopted and nonadoptedcontrol children placed in special classes for
academic or emotional/behavioral problems, 2.8% of adopted and 4.8% of non-
adopted children required special placement (y? = 0.54, p => .4).

Precursors of academic achievement

Correlations of early and middle childhood measures of general and specific
cognitive abilities with measures of academic achievement are presented in Table
7.3. Although there is some suggestion of higher correlations of general and specific
cognitive abilities with the achievement measures in nonadopted than in adopted
children, the general pattern is similar for the two groups. As expected, correlations
of measures of general cognitive ability with measures of reading and mathematics
achievementtend to increase with age. This may be due, in part, to the use oftests
which rely more heavily on verbal ability at ages 3, 4, and 7, which would be
consistent with the suggestion of Roe et al. (1983) that infant tests which rely on
nonverbal measures correlate less with later measures of intelligence and achieve-
ment.

Table 7.3 Correlations of measures of general and specific cognitive
abilities with measures of academic achievement
ee
Measure Adopted Control

REC MATH REC MATHoa

eea

General cognitive ability
Age 1 .08 13 —.08 14
Age 2 .20* .21* .20* .30*
Age 3 .21* .20* 13 15
Age 4 .27* .19* .28* 17
Age 7 .37* .33* .40* .50*

Verbal ability

Age 3 18 .O7 .03 .04
Age 4 14 15 .25* 17
Age 7 .26* 16 .32* .31*

Spatial ability

Age 3 13 15 .03 .19*
Age 4 13 .30* .24* .36*
Age 7 .19* .18* .18* .28*

Perceptual speed

Age 3 —.07 —.06 .04 18
Age 4 .05 .21* .20* 14
Age 7 13 .24* .20* 15——-_-__—__-

eee
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Table 7.3 (Cont.)

   

Measure Adopted Control

REC MATH REC MATH

Memory

Age 3 02 .09 13 .20*

Age 4 .03 03 .06 07

Age 7 .20* 11 .20* 15

*p <= 01.

While measures of verbal ability tend to be more highly correlated with reading

achievement, and measures of spatial ability are more highly correlated with

mathematics achievement, the similarities among these correlations are striking,

suggesting the presence of a general factor influencing both achievement measures.

However, results of hierarchical multiple regression analyses suggested that Percep-

tual Speed at age 7 contributed significantly (p < .0001) to the prediction of

both achievement measures in nonadopted children when IQ was held constant.

Moreover, Spatial ability at age 4 contributed significantly (p < .001) to the

prediction of mathematics achievement in both groups. In agreement with the results

of previous studies (e.g. Pennington, Van Orden, Kirson, & Haith, 1991), Memory

at age 7 was significantly correlated with reading achievement in both groups.

Etiology of covariation

Phenotypic analysis Phenotypic covariance matrices were computed separately for

adopted probands, unrelated siblings, nonadopted control probands, and related

siblings, and subjected to a Cholesky decomposition analysis in order to examine

their factor structures. A multivariate path model including VIQ, PIQ, REC, and

MATH(Figure 7.1) was fitted to the data by the method of maximum likelihood

estimation using LISREL 7 (Joreskog & Sérbom, 1989). Data from the four groups

were analyzed simultaneously, by fitting first a general model allowing separate

solutions, followed by a nested submodel equating covariance structures among the

groups. The difference between the goodness offit x obtained for the general

model, and that obtained for the submodel, provided a test of the equality of

covariance structures among the groups.

Results of the phenotypic model, equating covariance structures for the four

groups, are presented in Figure 7.2. Phenotypic correlations among the measures are

moderate (.32 between VIQand PIQ,.40 between VIQand REC,.18 between PIQ

and REC, .43 between VIQ and MATH, .31 between PIQ. and MATH,and .41

between REC and MATH), with a large proportion of variance specific to each

measure. However, 44%of the observed correlation between REC and MATHis

mediated by IQ, with most of this being accounted for by VIQ. This provides

further support for the suggestion of a general factor influencing both reading and

mathematics achievement.
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Genetic analysis Covariance matrices were computed separately for unrelated and

related sib pairs yielding variances and covariances ofthe first sibling’s score with

that of the second sibling on each of the measures, as well as across measures. As

depicted in Figure 7.3, the phenotypic model was partitioned to include genetic,

shared environmental, and nonshared environmental contributions to the variance

in each of the measures, as well as to the correlations among the measures. As

discussed in Chapter 3, use of the Cholesky decomposition facilitates exploration of

the factor structure among the variables, permitting a more thoroughinterpretation

of their interrelationships. For example, using this model we are able to determine

the extent to which the relationship between the achievement variables, both

phenotypically and genetically, is due to the VIQ and PIQ factors. In this manner,

the model can provide evidence for the influence of commonor independentgenetic

influences on the various measures. In addition, estimates of heritability, environ-

we? ma)

me)

| l |

Figure 7.3 Path diagram illustrating partitioning of phenotypic model into genetic (A),

shared environmental (c), and nonshared environmental (e) components of variance.
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Figure 7.1 Path diagram
illustrating

Cholesky
decomposition

of factor structure
among

measures of Verbal IQ (VIQ), Performance IQ (PIQ ), Reading Recognition (REC), and
Mathematics achievement (MATH).

oS
oe
G2) 

Figure 7.2 Results of Cholesky decomposition of factor structure among measures of Verbal
IQ (VIQ), Performance IQ (PIQ), Reading Recognition (REC), and Mathematics achieve-.

ment (MATH)(¥39 = 21.64 (p > .8) ).
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mentality, and genetic and environmental correlations among the measures are

computed with relative ease.

Proportions of variance due to genetic and environmental effects for each of the

measures were calculated from the sum of the squared standardized path coefficients

from commonandspecific factors to each measure. For example, the heritability of

VIQ is simply the square of the path from Gy;g to VIQ,i.e. Af, whereas that for
PIQ equals hj, + hh, etc. (Figure 7.3). A similar procedure is used to obtain

estimates of shared (c”) and nonshared (e”) environmental influences.
Estimates of the genetic, shared environmental, and nonshared environmental

correlations among the measures are also obtained from the standardized path

coefficients. For example, /; X hz) = hyig X rc X hprg, where h equals the square root
of the heritability of the measure, and rc equals the genetic correlation between the
two measures. That portion of the phenotypic correlation which is due to shared

om im

AhoAe.

69
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Figure 7.4 Results of genetic /environmental Cholesky decomposition(X42 = 38.66 (p > .5)).
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genetic influences is obtained from fy; X h2\/rp, where hy, X hy; estimates the

phenotypically standardized genetic correlation.

Results of the genetic analysis are presented in Figure 7.4. The results suggest

one moderate genetic common factor. In addition, there remains a strong genetic

influence specific to PIQ, and a moderately strong genetic influence specific to

REC, but not to MATH. There is one shared environmental commonfactor, but

little or no additional influence of shared environmentspecific to any of the measures.

Table 7.4 summarizes the contributions of genetic and environmental influences

to the variances of each of the measures, estimated from the full model, with

substantial heritability indicated for VIQ (.40), PIQ (.89), and REC (.36), but not

for MATH(.12). Similarly, nonshared environmental influences are substantial for

all measures except PIQ. In contrast, there is very little influence of shared

environment on any of these measures.

Table 7.4 Genetic and environmental contributions to

performance on measures of cognitive ability and achievement,

estimated from the full model

Measure h? c? e

VIQ 40 13 47

PIQ 89 04 .08

REC 36 15 49

MATH 12 24 .63

Estimates of the genetic and nonshared environmental correlations among the

measures are presented in Table 7.5. The shared environmental correlations are not

presented due to the small contributions of shared environment to the variance in

each of the measures. Genetic correlations are large, accounting for 62—100%of the

observed covariance between REC and the IQ measures, and 40-93% of that

between MATHandthe IQmeasures.In contrast, nonshared environmentdoesnot

contribute greatly to covariation between the measures. Only about 8%of the

phenotypic relationship between REC and VIQis due to these influences. More-

Table 7.5 Genetic and nonshared environmental correlation matrices

among measuresof cognitive ability and achievement, estimated from

the full model

 

Measure VIQ PIQ REC MATH

Genetic

VIQ. 1.00

PIQ 45 1.00

REC .66 52 1.00

MATH 79 .88 78 1.00

Nonshared environmental

VIQ 1.00

PIQ 51 1.00

REC 07 —.8] 1.00

MATH 13 —.14 12 1.00
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The present results conform closely to those obtained by Cardonetal. (1990) and

by Brookset al. (1990). The phenotypic correlation between Verbal IQand reading

achievementis largely mediated by genetic factors. In addition, while performance

on the mathematics achievement measure was not found to be highly heritable, a

strong genetic correlation between reading and mathematics achievement accounted

for more than 45%of their phenotypic correlation. This is also consistent with the

results of Gillis and DeFries (1991), who found that genetic influences accounted

for 55%of the observed correlation between reading and mathematics achievement

in a twin sample.

Results of these analyses suggest that measures of IQand reading recognition are

moderately heritable, with genetic influences accounting for more than one-third of

the variance in Reading Recognition and Verbal IQ, and two-thirds of the variance

in Performance IQ. Moreover, the moderate phenotypic correlations among the

measures appear to be mediated largely by genetic influences. Commonialities

between “verbal” and “nonverbal” measures both phenotypically and genotypically

suggest the presence of a general intelligence factor and/or a general achievement

factor. As theCAP sample size increases, more rigorous analyses of the etiology of

the relationships among cognitive abilities and academic achievement will be

undertaken.

Results of the present study have only begun to elucidate the genetic and

environmental correlates of school achievement during middle childhood. Moreover,

a different pattern of results may emerge as the CAP children approach early

adolescence. Thus, additional research with other measures of cognitive abilities and

school achievement in this unique sample is clearly warranted.



8 Developmental Speech
and Language
Disorders

 

Susan Felsenfeld

“IT can't talk wight. I don’t know why but I tink I was born-did dat way.”
An 8-year-old boy during a speech evaluation

This chapter provides an overview of behavioral genetic studies of developmental
speech and language disorders. The chapter begins with a classification taxonomy
and description of speech disorder phenotypes. Following this, pertinent twin and
family studies of these conditions are reviewed. The chapter concludes with a
description of the Colorado Adoption Project Speech Disorders Study, the first
investigation to date to use an adoption database to examine the etiology of
developmental speech and language disorders. As part of this discussion, prelim-
inary data from the Speech Disorders project are presented, and ongoing speech
analyses using the CAP database are described.

Developmental speech and language disorders (hereafter referred to as DSLDs)
are a relatively common cluster of related disabilities that affect between 4 and
8%of all young children. These disorders occur in the absence of organic factors
that are known to interfere with speech development (e.g., mental retardation,
hearing loss, neurological impairment, cleft palate, etc.). Most often, children

affected with a DSLD differ from other children only in their communication
skills. As a group, these children can be expected to perform in the average to

low-average range on nonverbal tests of intelligence (Bloodstein, 1981; Leonard,

1987; Winitz, 1969), and come from home environments that do not differ in
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significant ways from the rearing environments of other children (Bloodstein, 1981;

Leonard, 1987; Parlour & Broen, 1991; Schery, 1985). As with many developmental

disabilities (e.g., dyslexia, hyperactivity), more boys are affected than girls, with

reported ratios ranging from 2:1 to 3:1 (Kidd, Kidd, & Records, 1978; Ludlow &

Cooper, 1983; Van Riper, 1971). The causes of DSLD are unknown. Systematic

attempts to identify prenatal, birth, medical, or social variables that are related to

DSLD have been generally unsuccessful (Bloodstein, 1981; Schery, 1985; Shriberg,

Kwiatkowski, Best, Hengst, & Terselic-Weber, 1986), with the exception of the

robust and well-replicated clinical observation of familial aggregation (to be dis-

cussed later).

With some exceptions (notably, chronic stuttering), the manifestations of DSLD

are most pronounced in childhood, with symptoms appearing to remit by adoles-

cence. Because of this, it has been suggested that these disorders are “outgrown”

either with or without direct speech intervention and are therefore of little

consequence. Recently, however, follow-up studies have demonstrated that adoles-

cents and adults with a history of moderate speech and language disability

are distinguishable from control subjects across a variety of receptive and ex-

pressive speech and language tasks (Aram, Ekelman, & Nation, 1984; Felsenfeld,

Broen, & McGue, 1993; Lewis & Freebairn-Tarr, 1992) and may experience

educational and occupational outcomesthat are less satisfactory (Felsenfeld, Broen,

& McGue, 1993). This information has created a renewed interest in identifying

etiological factors that are related to DSLD,including the possibility of a genetic

contribution.

Classification Taxonomy

“Developmental speech and language disorders” actually refers to a cluster of

related but phenotypically distinguishable conditions that affect children as they
acquire their native language. At a superordinate level, it is important to differen-
tiate between children whose disorders are of unknown origin and those whose
disorders can be attributed to known organic pathologies, either congenital or
acquired.

Organic communication disorders in children result from structural, cognitive, or
sensory constraints that adversely affect either the speech or hearing mechanisms
(as in cleft lip/palate, syndromic deafness, etc.) and/or the information-processing
and abstraction systems (as in syndromic mental retardation). There are well over
100 major gene and chromosomal syndromes that have speech or language deficits
as a major clinical feature (cf. Siegel-Sadewitz & Shprintzen, 1982). These include
single-gene conditions with both dominant (e.g., Apert’s Syndrome) and recessive
X-linked (e.g., Hunter’s Syndrome) inheritance, as well as disorders involving sex
chromosomeaneuploidey (e.g., Kleinfelter’s Syndrome) and trisomy and monosomy
conditions (e.g., Down’s Syndrome).

In addition, children with developmentally intact speech systems can (and
unfortunately do) acquire communication disorders, usually as the result of



104 Developmental Speech and Language Disorders

 

traumatic or degenerative events such as closed head injuries, near-drowning, pro-
gressive neuromuscular diseases, etc. While the speech and language characteristics
of these populations are essential to study for both rehabilitative and theoretical
reasons, results are not generalizable to the (larger) functionally impaired population
since these conditions tend to involve multiple intrinsic systems and/or diffuse
organismic damage.

Figure 8.1 presents a traditional taxonomy of developmental speech and language
disorders of unknown origin. While each of these disorders has the effect of
reducing the amount, complexity, intelligibility, and/or transmission efficiency of
the speaker’s message, there are significant differences in phenotype.

Phenotypes

ee 
Articulation Language Fluency

Residual Multiple Expressive Mixed Family history Family history
errors errors delay receptive/ positive? negative?

only expressive
delay

Speech delayed Specifically language impaired Stutter
Developmentally dyspraxic Developmentally aphasic Stammer
Phonologically delayed Language delayed
Articulation disordered

Figure 8.1 ‘Taxonomy of Developmental Speech and Language Disorders.

At a broad level, distinctions are made between those disorders that primarily

affect the articulation system, those that affect the language system, and those that
adversely affect speech fluency (and create stuttering). Although this taxonomy
presents articulation, language, and fluency disorders as independent, it must be
pointed out that there is a much greater than chance likelihood that these disorders
will co-exist within an affected individual. This is particularly true for language and
(multiple error) articulation disorders. Shriberg et al. (1986), for example, found

that in a large sample of children whose primary diagnosis wasarticulation disorder,
75%also displayed clinically significant expressive language problems. In addition,

there is evidence that developmental articulation disorders and stuttering co-occur
at a high rate among children, with estimates ranging from 16% (Blood & Seider,
1981), to 22% (Homzie, Lindsay, Simpson, & Hasenstab, 1988). Regardless of
diagnosis, severity of involvement appears to be a good predictor of the probability

of co-morbidity, with children who manifest a moderate to severe communication

disorder (of whatever form) more likely to receive secondary and tertiary speech

diagnoses.
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Characteristics of Disorder Phenotypes

Articulation disorders

Children who receive a primary diagnosis of developmental articulation disorder
continue to misarticulate phonemes (usually consonants) beyond the age when
mastery of the soundsis expected. Asillustrated in Figure 8.1, there are at least two
major subgroups of articulation-disordered children: those who make “residual
errors” and those who produce “multiple errors” (Shriberg & Kwiatkowski, 1982).
These subgroups differ from one another in terms of both numberand types of
misarticulations. The residual errors subgroup is the larger of the two, and contains
children who substitute or distort a small number of consonant sounds. Readers who
themselves attended speech therapy to correct an /r/ sound or a “lisp” were
undoubtedly members of this group. In contrast, children in the “multiple errors
subgroup” are those who persistently substitute and/or omit a large number of
sounds. These errors are not random, but follow systematic simplification patterns
that are fairly predictable across children. The following sample transcript from a
6-year-old child with a moderate multiple articulation disorder may be a helpful
illustration. This child was showna picture of two children having a picnic, and was
asked to tell a story aboutit.

CHILD’S PRODUCTION: Detids are eating pood. Dey’re on a bantit. One tid is
eating tate.

TRANSLATION: The kids are eating food. They’re on a blanket. Onekid is
eating steak.

Not surprisingly, there are subgroup differences in prognosis. While children in the
residual errors subgroup do not appearto beat significant risk for related expressive
language or reading problems, children in the multiple errors subgroup display these
concomitant deficits at a high rate (Bishop & Adams, 1990). At present, it is not
known if heritabilities differ between these two articulation subgroups, although
there is speculation that they will be higher for children with multiple errors
(Felsenfeld, McGue, & Broen, 1993).

Language disorders

Children who receive a primary diagnosis of developmental language disorder are
those who fail to acquire the structure and lexicon (vocabulary) of their native
language at age-appropriate times for reasons that cannot be readily identified.
Typically, these children demonstrate some(or all) of the following clinical signs in
language expression: delayed onset of speech, delays in the production of word
combinations, difficulty in the correct production of morphemes (grammatical
markers), reduced vocabularysize, difficulty in generating idea units, and difficulty
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in producing utterances that are organized and conversationally appropriate. For
example, a 6-year-old child with a developmental language disorder, upon viewing

the samepicture as before, might produce the following narrative:

CHILD’S PRODUCTION: Them eating. Sitting on a thing. Having meat.

Clinically, distinctions are often made between children whosedeficits are primarily
in the production (expression) of language and those whosedeficits involve not only
language production but difficulties in auditory comprehension of verbal material as

well. These comprehension deficits may be manifested as poor performance on tasks
requiring short-term auditory memory(as in sentence or digit repetition), demon-
stration of vocabulary or concept knowledge, and comprehension of grammatically

complex sentence structures. Again, little is known about subgroup differences in
genetic etiology, although there is some preliminary evidence to suggest that the

heritability of mixed expressive-receptive disorders may be higher (Whitehurst,
Arnold, Smith, Fischel, Lonigan, & Valdez-Menchaca, 1991).

Fluency disorders

Children who receive a primary diagnosis of developmental fluency disorder (or

stuttering) demonstrate chronic disturbances in their ability to produce (but not

conceive) smooth, effortless, forward-moving speech. According to Van Riper

(1971), the essence of stuttering is the “fracturing and disruption of the motor

sequence of the word,” almost as though a temporary loss of control over the

movement of the speech musculature had occurred (Perkins, 1990). Although there

is still some controversy about the single most appropriate “definition”of stuttering,

the clinical diagnosis is usually made by counting the frequency of occurrence of a

small number of discriminating speech behaviors: the repetition of sounds or

syllables, the prolongation of sounds, and the presenceof articulatory “blocks” in

which the speech musculature appears to be frozen in position. Although these

behaviors do occasionally occur in the speech of nonstuttering individuals, their

frequency of occurrence is far greater amongthoseclassified as stutterers.

For purposes of comparison, a narrative of the “picnic scene” is included for a

hypothetical 6-year-old stutterer. All three core stuttering topographies (syllable

repetitions, prolongations, and blocks) have been included in the example.

CHILD’S PRODUCTION: ‘The two ki-ki-ki-kids are having a fffffun time at the

p....ark. They’re ea-eating sssteak and c. . . .ookies.

Amongadults, an accurate diagnosis of chronic stuttering is usually not difficult,

except in rare cases in which the stuttering is extremely mild or the speaker

demonstrates excellent stuttering avoidance skills. For young children, however,the

diagnosis is more problematic, since many normally developing youngsters experi-

ence periods of nonfluency that may be misidentified as incipient stuttering. For

this reason, some behavioral genetic researchers will not consider a child to be
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affected with stuttering unless core behaviors have been present for at least six

months (Kidd, 1983), or will not identify affected cases that are under the age of 5

(Barnes MacFarlane, Hanson, Walton, & Mellon, 1991).

As with other speech and language disorders, there is considerable speculation

that etiologically distinct subgroups of developmental stutterers exist, although

there is no consensus about what these subgroups should be. One of the most

promising proposals for subgrouping stutterers is the presence or absence of family

history (where positive family history is loosely defined as the presence of stuttering

in a first-degree relative of a proband). Recently, a small number of investigators

have examined data obtained from heterogeneous samples of stutterers grouped

according to family history status (Cooper, 1972; Janssen, Kraaimaat & Brutten,

1990; Kidd, Heimbuch, Records, Oehlert, & Webster, 1980; Poulos & Webster,

1991; Seider, Gladstein, & Kidd, 1982). Although many of the studies in this area

are preliminary, these analyses have revealed interesting similarities and differences

between stutterers who report a positive family history (FHP) and those who report

that no other immediate relatives ever stuttered (FHN). A partial list of these

comparisons is presented in Table 8.1.

Table 8.1 Comparison of family history negative (FHN) and family history positive

(FHP) subgroupsof stutterers

Investigators Comparison variable

Non-significant subgroup differences

Kidd, Heimbuch, Records, Oehlert, Severity of stuttering

and Webster (1980)

Janssen, Kraaimaat, and Brutten (1990) Speech-associated anxiety

Janssen, Kraaimaat, and Brutten (1990) Readingability

Janssen, Kraaimaat, and Brutten (1990) Responsiveness to treatment

Seider, Gladstein, and Kidd (1982) Reports of other speech problems

Significant subgroup differences

Poulos and Webster (1991) Prenatal, birth, or medical event (FHN more)

Cooper (1972) Frequency of spontaneous recovery (FHN

more)

Janssen, Kraaimaat, and Brutten (1990) Frequency of prolongations (FHP more)

Janssen, Kraaimaat, and Brutten (1990) Abnormal speech-motor behavior when

fluent (FHP more)

 

If this subgroup classification does reflect true etiological differences, several
predictions can be made. For example, both incipient and advanced stutterers with
a negative family history should be more likely than FHP stutterers to report the
presence of a prenatal, birth, or medical event that could reasonably have precipit-
ated the stuttering behavior, and may be morelikely to experience spontaneous
recovery, perhaps as the effects of the initial precipitating event diminish. Con-
versely, stutterers with a positive family history should have prenatal, birth, and
early developmental histories that are unremarkable; in fact, this appears to be the
case (Cox, Seider, & Kidd, 1984).

In contrast to stutterers with a negative family history, FHP stutterers should
display speech production breakdownsthatreflect the effects of a fairly isolated and



Table 8.2. Summary of methodology for family studies of DAD/SLI

 

Investigators

Neils and Aram (1986)

Lewis, Ekelman, and

Aram (1989)

Tallal, Ross, and Curtiss

(1989)

Tomblin (1989)

Whitehurst, Arnold, Smith,

Fischel, Lonigan, and

Valdez-Menchaca (1991)

Felsenfeld, McGue, and

Broen (1993)

Primary selection

phenotype

Specific language

impairment

Moderate/severe

articulation disorder

Specific language

impairment

Specific language

impairment

Expressive language

delay

Moderate/severe

articulation disorder

Index cases

Number of index

cases

74 probands

36 controls

20 probands

20 controls

62 probands

50 controls

51 probands

136 controls

62 probands

55 controls

24 probands

28 controls

testing

4—6 years

4—6 years

4 years

7-9 years

2-3 years

30-32 years

Ages at time of Who assessed

Parents & siblings

Parents & siblings

Parents & siblings

Parents & siblings

Parents, siblings,

grandparents, aunts,

uncles, & cousins

Offspring

Relatives

Primary selection criteria

Reports of problems with

pronounciation, stuttering,

reading, or language

Reports of speech,

reading, or learning

disorder

Reports of language

problems, below average

school achievement in

reading or writing, grade

repetition, or learning

disability

Receipt of speech-language

therapy

Report of late talking,

speech problems, or school

problems

Receipt of speech-language

therapy
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persistent inherited “defect” in the speech-motor control system. More specifically,
members of the FHP subgroup might be expected to produce a higher frequency of
certain types of dysfluencies that reflect problems in precise timing of speech-motor
(particularly laryngeal) action (i.e., prolongations and blocks), and should display
atypical speech-motor responses that are independent of the stuttering itself (as
appears to be the case). Finally, the family members of FHP but not FHNstutterers
should evidence atypical speech-motor behaviors that may be considered subclinical
forms of the inherited defect. Clearly, until more work is done in this area, the
subgroupclassification proposed here for stuttering must be considered preliminary
(albeit provocative).

Genetic Studies of DSLD

As noted previously, one long-standing observation about developmental speech and
language disordersis that they “run in families.” Within the last 15 years, there has
been increasing interest in examining this familiality from a biological (genetic)
perspective, using family and twin study designs. Although manyof these recent
studies are of modest size, their results have provided the foundation needed to
justify more sophisticated quantitative and molecular genetic studies of commun-
ication disorders.

Issues of phenotype definition and the presence of co-morbidity have been
problematic for researchers studying the transmission of communication disorders,
particularly those involving deficits in articulation and language development.
Becausesolittle is known aboutthe etiology of these phenotypes, most studies have
elected to adopt broad criteria for the identification of affected probands and
relatives, so that individuals with multiple phenotypes (e.g., articulation and
language disorders) and those with only one diagnosis (e.g., expressive language
disorder) have been collapsed for analysis. Because studies have not controlled for
the frequent co-morbidity of these disorders in their samples, the acronym
DAD/SLI (developmental articulation disorder/specific language impairment) has
been adopted here to represent the broad phenotype that includes language disorder
with or without co-occurring deficits in articulation. Clearly, future studies should
select affected cases more narrowly so that differences in etiology among diagnostic
categories and for subgroups within a category can beidentified.

Family studies of DAD/SLI

Table 8.2 provides a summary of the methodologies of the principal family studies
of developmental articulation and language disability. As can be seen, data were
usually obtained from the first-degree relatives of individuals identified as articula-
tion and/or language disordered, and were compared to data from control families
with negative speech disorder histories (Byrne, Willerman, & Ashmore, 1974;
Felsenfeld, McGue, & Broen, 1993; Lewis, 1992; Lewis, Ekelman, & Aram, 1989;
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Neils & Aram, 1986; Tallal, Ross, & Curtiss, 1989; Tomblin, 1989; Whitehurst et

al., 1991). In most of these studies, young affected children were identified as index

cases, and data were collected about the speech, language, and/or learning status of

their first-degree relatives (usually parents and siblings).

The results of these family studies are summarized in Table 8.3. In describing

the degree of familiality, two types of analyses are reported: (1) the percentage

of proband subjects with one or more affected first-degree family members;

and (2) the percentage of affected first-degree relatives of proband and control

subjects.

Table 8.3 Rates of disability amongrelatives as reported in family studies of DAD/SLI

 

Investigators % ofprobands with % of relatives who are

affected relative(s) affected

rand
Byrne, Willerman, and Ashmore (1974) 55% — —

Neils and Aram (1986) — 20%* 3%

Tallal, Ross, and Curtiss (1989) 77% 41%* 18%

Tomblin (1989) 53% 23%? 3%

Lewis (1990) — 33%? 5%

Whitehurst, Arnold, Smith, Fischel, — 12%? 7%

Lonigan, and Valdez-Menchaca

(1991)

Felsenfeld, McGue, and Broen (1993) 53% 33%° 0%

 

* = parents and siblings
b offspring

With the exception of one study (Whitehurst et al., 1991) these investigations

have demonstrated that relatives of individuals affected with a DSLD are more

likely to display speech, language, or learning disabilities than are the relatives of

control subjects. Specifically, results of these studies suggest that: (1) approximately

50% of the families of probands will contain at least one additional first-degree

relative whois affected; and (2) between 20 and 33%ofthefirst-degree relatives of

a proband subject will report the presence or history of similar disorders, in

comparison to an average of 6%ofthe relatives of controls. Not surprisingly, when

very broadcriteria for affection are employed (as in the study by Tallal et al., 1989),

the absolute rates of reporting are elevated for both proband and control subjects,

although proband families still report a significantly greater number of problems.

Only one family study has failed to find increased rates of DSLD among the

relatives of language disordered children (Whitehurst et al., 1991). Unlike previous

family studies, the probands in this investigation displayed a narrow disorder

phenotype: all were 2-year-old children with delayed onset of speech and normal

comprehensionskills. According to the investigators, this negative result suggests

that disorders limited to language expression may beless heritable than are disorders

that are more moderate or are mixed (i.e., involve both expressive and receptive

deficits).
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derived from these data: (1) the proportion of males who are affected; and (2) the
risk to family members of male versus female probands.
Table 8.4 presents the gender distribution of affected probands and relatives

across family studies of DSLD. As can be seen, the data tend to confirm the
historical reports of elevated rates of disability among males. Regardless of pheno-
type, it appears that the fathers, brothers, and sonsof affected index cases are more
likely to be affected with DSLD than are mothers,sisters, and daughters. Moreover,
there is some suggestion that the sex ratios may not be the sameforall primary
selection phenotypes, with moderate articulation disorder showing a less pro-
nounced genderratio than stuttering or developmental language disorder.

Table 8.4 Gender distribution of probandsandrelatives affected with a DSLDeee
Investigators Primary selection phenotype % of affected cases who

are male

Probands Relativeseee

ES

Kidd, Kidd, and Records Stuttering 75% 75% (284/370)
(1978)

Tallal, Ross, and Curtiss (1989) Specific language impairment 71% 73% (27/37)
Tomblin (1989) Specific language impairment 74% —
Whitehurst, Arnold, Smith, Expressive language delay 85% 51% (23/43)

Fischel, Lonigan, and

Valdez-Menchaca (1991)

Lewis, Ekelman, and Aram Moderate/severearticulation 65% 63% (35/56)
(1989) disorder

Felsenfeld, McGue, and Moderate/severearticulation 63% 36% (5/14)
Broen (1993) disorder

 

Although more males than females in the population are affected with DSLDs, a
small number of family and pedigree studies have provided evidence that the risk
for disability is greater for relatives offemale probands, both for stuttering (Andrews
& Harris, 1964; Barnes MacFarlane, Hanson, Walton, & Mellon, 1991; Kidd et al.,
1978) and for DAD/SLI (Lewis, 1990). In examining the risk to relatives of
stutterers, for example, Kidd et al. (1978) noted that approximately 13% of the
first-degree relatives of male probands were affected with stuttering in comparison
to 18% of the relatives of female probands, a difference that is statistically
significant. As pointed out by these investigators, an observation of unequalrisk to
relatives based on proband genderis difficult to explain on purely cultural or
environmental grounds. Rather, they suggest that a more plausible explanation is
that stuttering liability may be transmitted as a sex-modified trait in which
genotypes are expressed as different susceptibilities depending on gender, with
males having a lowerliability threshold.

Twin studies of DSLD

Only two moderately-sized twin studies (in which one (or both) members of a twin
pair had a reported history) of DSLD have been completed within the last 30 years
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(Howie, 1981; Lewis & Thompson, 1992). Table 8.5 presents the probandwise

concordance rates for speech disorder from both of these investigations.

Table 8.5 Probandwise concordance rates as

reported in twin studies of DSLDs

 

Phenotype # Pairs Concordance rates

MZ DZ MZ DZ

Stuttering? 17 13 77 32

DAD/SLI> 32 25 86 48

* Howie (1981).

> Lewis and Thompson (1992).

Ascan be seen, the obtained twin concordances not only complementthe findings

of family studies, but provide evidence that genetic factors are important contrib-

utors to familial resemblance. Monozygotic twins were found to be highly concordant

for the presence of a DSLD (.77-.86), although the phenotype and severity of the

disorder were not necessarily identical. In comparison, the concordances obtained

for the same-sex dizygotic twins were more moderate (.32—.48) but were somewhat

greater than sibling risk estimates obtained from family studies (.20—.33). In

addition, Lewis & Thompson (1992) noted that more first-degree relatives of

concordant than discordant twin pairs reported speech or language problems (25%

versus 13% respectively), a finding that is more readily explained by a genetic than
an environmental transmission hypothesis.

Only one study (Andrews, Morris-Yates, Howie, & Martin, 1991) has estimated
the heritability of a DSLD (stuttering) by applying quantitative model-fitting

procedures to twin data. In this study, an item about stuttering was inserted into
a lengthy questionnaire mailed to several thousand Australian twins. Results re-
vealed that the best fit to the data was provided by a model in which 71% of
the variance in liability to stuttering was attributed to additive genetic variance,
with the remaining 29%attributed to the individual’s unique environment. Inter-
estingly, the shared environmental effects parameter was estimated to be zero, a
finding of particular interest in light of the importance that has been paid in the
stuttering literature to between-family factors such as parental behavior and
modeling.

Nongenetic Transmission of DSLD

The twin and family studies of DSLD performed to date have provided consistent
evidence that the etiology of these disorders may be largely genetic. However,
because these studies have almost exclusively studied intact nuclear families,
cultural transmission factors cannot be dismissed. The role of cultural transmission
is particularly important in the etiology of speech and language disorders, since the
development of communication is so unambiguously dependent on environmental
input. It has been pointed out that parents with a history of DSLD might be
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expected to provide a language environmentthat is less than optimal for speech
development (for example, they may provide poor speech models, may be overly
concerned about speech performance, etc.); as such, the vertical transmission of
DSLD in these homes maybe explained in purely environmental terms. Although
this explanation does not address the differences in concordance between MZ and
DZ twins, there have been other environmental hypotheses (for example, encourage-
ment of twin secret languages, more limited mother-child dyadic interactions) that
have been invoked to interpret this phenomenon.
Two general hypotheses have been proposed to explain how cultural transmission

of DSLDs might occur: (1) children who manifest DSLDs come from homesthat
are intellectually or linguistically impoverished; and/or (2) parents of children with
DSLDscreate an emotional climate that interferes with normal communication
development(e.g., they set standards for speech that are unrealistic, they are not
verbally responsive,etc.).
To test these hypotheses, the “linguistic environments” of children with and

without DSLD have been compared, both from a macrolevel (e.g., by examining
factors related to socioeconomic status) and from a micro level (e.g., assessing the
quality, complexity, or emotional tone of maternal speech input). Regardless of the
level of analysis, the results of these studies have been negative or inconclusive, and,
in some cases, are actually contradictory. For example, mothers of children who
stutter have been characterized as perfectionistic, achievement-oriented, and verb-
ally dictatorial in one set of studies (Johnson, 1959; Kasprisin-Burrelli, Egolf, &
Shames, 1972) and as passive low-achievers in another (Andrews & Harris, 1964).
Thus, despite many attempts to identify differences, most researchers have con-
cluded that aberrant verbal behaviors or patterns of interaction are not characteristic
of parents of DSLD children (see Bloodstein, 1981; Conti-Ramsden, 1985; Leonard,
1987 for reviews).

Similarly, although there is a weak but positive association between low socio-
economicstatus and the presence of a DSLD (Templin, 1957; Vetter, 1980), studies
that have compared the environmentsofaffected and control families along a variety
of speech-specific dimensions (e.g., availability of stimulating toys, variety in
experience, family attitudes towards speech) have failed to find robust group
differences (Cox et al., 1984; Parlour & Broen, 1991). Despite these negative
findings, there continues to be a great deal of emphasis upon environmental
etiologies for DSLD; in some cases, treatment programs have been developed to
modify parental behaviors and attitudes that are presumed to cause and/or
exacerbate these conditions.

The most effective way to assess the relative importance of genetic and between-
family environmental factors to the etiology of a familial condition is through an

adoption design (Plomin, DeFries, & Fulker, 1988). While desirable, it is unlikely

that an adoption study of DSLD will ever be completed given both the difficulty

and expense associated with adoption studies, and therelatively low frequency of
DSLD within the population. Fortunately, although the project is not specifically

designed to assess speech disorders, data obtained as part of the ongoing Colorado
Adoption Project can be used to address questions pertaining to the etiology of

developmental speech and language disorders.
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The Speech Disorders Study

Using data from the Colorado Adoption Project, a preliminary investigation

addressing the etiology of developmental communication disorders has been initi-

ated at the University of Pittsburgh. At the time of this writing, most of the analyses

of interest are still in progress, and will not be reported here. The purpose and

design of this study will, however, be described, and some early comparative data

will be presented.

As discussed in Chapter 2, all biological, adoptive, and control parents who

participated in the CAP completed an extensive personal history questionnaire

which included items relating to history of speech disorder. For the CAP Speech

Disorders Study, the responses to these particular questions have been used to

identify affected and unaffected parental index cases (and their associated offspring).

Thus, although the index cases for this study are parents, the principal analyses will

be performed on the at-risk offspring and a matched group of offspring with

negative parental history. When this study is completed, it will provide the first

systematic evidence detailing the independent contributions of genes and environ-

ment to the etiology of developmental speech disorders. Specifically, the following

questions will be addressed in the CAP Speech Disorders Study:

1 What are the differences in articulation, language, and fluency performance

between:

(a) Adopted children with a biological parent who reports a history of speech

disorder and children raised by an adoptive parent who reports such a

history;

(b) Adopted children with a positive biological or rearing history and adopted

children with no parental history;

(c) High-risk adopted children and high-risk control (nonadopted) children;
(d) High-risk nonadopted children and matched low-risk nonadopted children?

2 What are the differences in recovery rates for affected children in these

groups?

3 Are adoptive and control mothers who report a history of speech disorder rated
differently than mothers with a negative speech disorder history on a scale of
maternal verbal behavior?

4 Whatis the gender distribution of children who are judged to be affected with
a DSLD?

Selection of parental index cases

For the CAP Speech Disorders Study, any parent in the CAP sample (biological,
adoptive, or control) who respondedaffirmatively to a select set of speech history
questions on the CAP questionnaire was considered an index parent. Once a parent
was identified as affected, that individual’s child was considered to beat risk for a
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3. Nonadopted children with both a positive biological and environmental history

of DSLD(at-risk nuclear families) (NV = 40);

4 Adopted comparison (low-risk) children with both negative biological and

adoptive histories (N = 57);

5 Nonadopted comparison (low-risk) children (N = 41).

Depending on the nature of the assessment measure, offspring performance will

be evaluated both continuously (e.g., by comparing mean differences for standard

scores) and categorically (e.g., as a pass versus a fail on scales assessing fluency and

intelligibility of speech). Since longitudinal data are available for children at ages 3

and 7, it will be possible to examine patterns of recovery among children whoare

considered to be “affected” with a DSLDat age 3, and determine if there are group

differences in recovery profiles.

Measures

Although several assessment instruments were included in the CAP battery, only a

subset were selected for analysis in the CAP Speech Disorders Study. Most of the

selected measures are norm-referenced tests of speech and language ability or

general cognitive functioning. In addition, audio (age 7) and video (age 3) samples

of the children’s conversational speech are available for analysis. These tapes are

invaluable since they permit an examination of important aspects of speech

production not assessed in standardizedtests (i.e., fluency, intelligibility, prosody,

and articulation) and allow an examination of the mother’s verbal interactions with

her child at age 3. In addition to evaluating the performance differences across the

five groups, the offspring speech and language measures will be correlated with

general cognitive and language measures obtained from the biological and/or

adoptive parents, as well as with measures of the home environment andratings of

maternal interactions. Taken together, the outcome of this study will provide a

comprehensive assessment of both genetic and nongenetic factors associated with

atypical communication development.

Preliminary analyses

The conversational speech and maternal interaction analyses are in progress, and

will be presented in forthcoming reports. At present, a few preliminary analyses

have been completed to examine the general comparability of the five offspring

groups on selected language and environmental variables. These comparisons are

summarized in Table 8.6.

As can beseen,the five offspring groups do not differ significantly in Receptive

or Expressive language development as measured by the Sequenced Inventory of
Communication Development (SICD) at age 3, total score on an interview and

observational scale of the home environment (the HOME Scale), or WISC Full

Scale IQ at age 7. Given these findings, any significant differences in speech
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outcome that may be observed across groups cannotbereadily attributed to factors
such as IQ or general adequacy of the home environment.

Table 8.6 Meansand standard deviations for the preliminary analyses from the Colorado
Adoption Project Speech Disorders Study

  

Test Group
] 2 3 4 5 P-value

Age 3

SICD Receptive 10.4 9.2 9.7 10.3 10.4
(4.2) (4.7) (4.0) (4.0) (4.3) 741

SICD Expressive 10.7 10.8 11.7 12.0 12.9
(3.9) (3.9) (3.7) (3.4) (2.8) 095

HOMEScaletotal 31.5 30.9 31.1 31.4 31.3
(2.0) (2.5) (2.3) (2.2) (2.2) .867

Age 7

WISC-R Full Scale 109 111 113 110 113
(10.3) (11.2) (9.6) (10.4) (12.8) 659

 

Note: Group 1 = at-risk; positive biological history (N = 21);

Group 2 = at-risk; positive adoptive history (N = 32);

Group 3 = at-risk control; positive nuclear family (NV = 40);

Group 4 = comparison low-risk adoptive (N = 57);

Group 5 = comparison low-risk control (N = 41).

Although notstatistically significant, the results from the expressive portion of
the SICD are worthy of comment. When comparedto the adopted children at low
risk for disorder (group 4), the mean scores for the two at-risk adoptive groups
(groups | and 2) were noted to be approximately one-third of a standard deviation
lower. This trend toward poorer expressive language performance amongtheat-risk
adoptees provides the first evidence of depressed verbal production abilities among
these children, and motivates our ongoing analyses of parameters such as articula-
tion and fluency that are more likely to distinguish the groups.

Conclusions

Both family and twin studies have demonstrated that developmental articulation,
language, and fluency disorders are familial and are probably strongly influenced by
genetic factors. Specifically, between 20 and 33%of the first-degree relatives of
probands with developmental articulation/language disorders and 18% of the
relatives of stuttering probands report a positive history of similar disorders, in

comparison to rates within control groups of about 3—4%. Although only two twin
studies of speech disorders have been reported, they show much higher concordance
of disability among monozygotic (.77—.86) than dizygotic (.32—.48) twins. However,
because communication developmentis clearly dependent on environmental input,

the possibility of cultural transmission cannotberejected.
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Using CAP data, a preliminary risk analysis for speech disorder is being

performed. This project (the Colorado Adoption Project Speech Disorders Study) will

assess the speech offive groups of children: three groups that are considered to be

“at-risk” for speech disorder because of a positive parental history (biological,

adoptive, and nonadoptive), and two groupsthat are considered to be “low-risk” for

these conditions (adoptive and nonadoptive comparison groups). Preliminary ana-

lyses of test data have demonstrated a general comparability across groups for

variables that have been historically associated with speech outcome, such as IQ,

language comprehension, and general adequacy of the home environment. In

addition, these results have shown a trend toward poorer performance in language

expression for the two adoptive groupsat risk for DSLD,a findingthatis consistent

with predictions and will be explicated further through the analyses that are in

progress. Unlike any previous study, results of this project will help to establish the

independent contributions of genes and family environment to the etiology of

developmental speech disorders of unknownorigin, information that is of consider-

able interest to both theoreticians and practitioners who study and treat abnormal

communication development.
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Stephanie Schmitz

Although definitions of temperament vary widely (Goldsmithet al., 1987), tempera-
ment usually refers to a subset of early-appearing personality traits that display
biological origins and are consistent across situations and time. Behavioral genetic
research has led the way toward understanding the origins of individual differences
in personality and temperament. It brings to bear the armamentarium of quantitat-
ive genetics, such as twin and adoption studies, to investigate empirically the
relative influence of an important class of biological factors: genes.
Research on adolescent and adult personality has been a major focus of behavioral

genetic research (Plomin, Chipuer, & Loehlin, 1990). A landmark in this field was
the 1976 book by Loehlin and Nichols, Heredity, Environment, and Personality, a
book that set out the agenda for research. A second landmark is a 1989 book by
Eaves, Eysenck, and Martin, Genes, Culture, and Personality, which summarizes two
decades of research by the authors and their advances in model-fitting. Another
recent book by Loehlin (1992), Genes and Environment in Personality Development,
is likely to becomea classic in this area.
Most of this research is based on self-report questionnaire data. Surprisingly

similar results emerge from twin analyses of most of the myriad self-report measures
of personality. For example, in a model-fitting meta-analysis of personality data
from over 30,000 pairs of twins in four studies conducted in four countries, Loehlin
(1989) reported heritability estimates in excess of .50 and negligible shared-environ-
mentestimates for extraversion and neuroticism. A few new issues havesincearisen,
such as gender differences, nonadditive genetic variance, and assimilation effects for
identical twins reared together (Plomin et al., 1990).

When attention turned to the study of the temperamental foundations of
personality in early childhood, parental rating questionnaires were employed widely,
modeled after the self-report questionnaires used in studies of adolescents and
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adults. This was a reasonable strategy since parents see their children in a variety

of situations over time. Nearly all of the dozens of behavioral genetic studies of

temperamentin childhood haverelied on parental rating questionnaires and the twin

method. Like the adult twin studies using self-report questionnaires, twin studies

of parental ratings of children’s temperament yielded evidence for ubiquitous

genetic and negligible shared environmental influence.

However, unlike self-report questionnaire studies of adults, twin studies using

parental rating questionnaires produced an odd pattern of results. Identical twin

correlations were moderate, typically about .50, but fraternal twin correlations were

zero or even negative, especially for traits like activity, and for questionnaires that

ask about broad aspects of behavior. For example, twin studies of infants and young

children that used the Emotionality—Activity—Sociability-Impulsivity (EASI) rating

scales of Buss and Plomin (1975) yielded average identical and fraternal twin

correlations of .59 and —.01 respectively (Buss & Plomin, 1984). Similarly, a twin

study in England yielded average EASIcorrelations of .25 for identical and —.06for

fraternal twins in infancy and early childhood (Stevenson & Fielding, 1985). Studies

using other parental rating instruments yielded similar results (Plominet al., 1990).

The low fraternal twin correlation is a problem because, if a trait is heritable,

fraternal twins who sharehalf of their segregating genes should resemble each other,

even in the presence of epistasis.

Uneasiness about twin analyses based on parental rating questionnaires has in part

been responsible for motivating researchers to undertake more difficult assessments,

such as observational measures, and moredifficult designs, such as adoption designs.

Therelatively few attempts to conduct studies of this kind are promising. Bayley’s

Infant Behavior Record (IBR: Bayley, 1969) was designed to assess infants’ tem-

peramental responses to a standardized and somewhatstressful mental test session.

Forthe first two years of life, these observational data displayed reasonable patterns

of twin correlations indicative of moderate genetic influence in the Louisville Twin

Study (Matheny, 1980). In the first report using the sibling adoption design, CAP

data confirmed these findings in infancy (Braungart, Plomin, DeFries, & Fulker,

1992). The MacArthur Longitudinal Twin Study has incorporated a wide variety of

observational measures in the second year of life, ranging from observational

measures to parent and tester ratings (Emde et al., 1992; Plomin, Chipuer, &

Neiderhiser, 1993).

However, CAP data in infancy and early childhood yield strikingly different

results for parental rating data in comparison to twin studies. Although twin

studies consistently find high correlations for identical twins and negligible or

even negative correlations for fraternal twins, results of both parent—offspring

and sibling adoption analyses provide little or no evidence for genetic influence

on parental ratings of temperament (Plomin, Coon, Carey, DeFries, & Fulker,

1991).

Another important source of information are teachers who have as their own

standard of comparison the behavior of many children seen in the schoolsituation.

However, to our knowledge, teacher ratings have not previously been reported in

behavioral genetic research on temperament.
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Finally, self-report questionnaires can be administered to children toward the end
of middle childhood. The Minnesota and Texas adoption studies included children
whose average age was about 9 years, although there was a wide age range (Loehlin,
Horn, & Willerman, 1981, Loehlin, Willerman, & Horn, 1982; Scarr, Webber,
Weinberg, & Wittig, 1981). These studies found little evidence for genetic influence
in parent-offspring analyses. Adoption studies using self-report questionnaires for
older subjects suggest heritabilities of about .20 to .30 rather than heritabilities of
.40 or .50 usually found in twin studies.

from early through middle childhood employing tester and teacher ratings in
addition to parental ratings and self-reports. Because the children are tested as
children and their parents as adults, this age disparity and the consequent low
magnitude of parent—offspring resemblance led us to focus on the contemporaneous
sibling adoption design that compares nonadoptive siblings (biological siblings
reared together with their biological parents) and adoptive siblings (either geneti-
cally unrelated children adopted into the same adoptive family or adopted children
and the adoptive parents’ biological children).
We expected to confirm for middle childhood our earlier findings that parental

rating questionnaires yield no systematic evidence for genetic influence in parent—
offspring and sibling adoption designs. We were curious to see whether tester
ratings on a version of the IBR modified for use with older children (Modified
Behavior Record, MBR) would continue to show genetic influence past infancy. We
were especially interested in teacher ratings, which have not been previously
examined in a behavioral genetic study. Finally, although the sibling sample is small
at 9 and 10, at these ages the CAP employed self-report questionnaires for the
children. These data make it possible to assess parent-offspring and sibling
resemblance for self-report questionnaires toward the end of middle childhood,
although results from the Texas and Minnesota adoption studies did not lead us to
expect to find genetic influence at this age.
Concerning environmental influence, we expected to find that shared family

environment would not play much ofa role in personality development. This is the
result typically found in twin studies of self-report personality questionnaires
(Plomin, Chipuer, & Neiderhiser, 1993; Plomin & Daniels, 1987). The adoption
design provides a much more powerful test, however, because resemblance for
genetically unrelated individuals brought together by adoption directly tests the
importance of shared environment.

Method

CAPpersonality data for parental ratings up to the age of 7 years have previously
been reported (see Plomin et al., 1991). The current analyses utilize data starting at
age 7, continuing through annual testings to age 10. The most important addition
to previous publications is that starting at age 7, the children’s temperamentis
assessed not only by their parents, but also by their teachers. Additionally, trained
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examiners rate the children at age 7, and the children’s self-reports are available at

ages 9 and 10.

Sample

The numbers of adoptive and nonadoptive families with completed data for

parent—offspring comparisons are 187 and 198 at age 7, 160 and 153 at age 8, 170

and 161 at age 9, and 164 and 145 at age 10, but the numberofbiological fathers

with complete data is considerably lower (between 34 and 40, depending on the

measure).

The numberof adoptive and nonadoptive sibling pairs ranges from 60 to 61 and

66 to 68, respectively, at 7 years of age. Because the CAP is an ongoing longitudinal

study, the sample ofsibling pairs is progressively smaller at 8 to 10 years of age.

The genderdistribution was similar in the sample for adopted and control children.

Originally the control children were matched to adopted children of the same

gender; however, because inclusion in our analysis required existing data for their

siblings, the gender distribution differs slightly, but not significantly, in the present

sample. The adoptive sample consists of 33 boys and 28 girls, while there are 34

boys and 34girls in the control sample. The gender composition of a sibling pair,

however, differs in control families from that in adoptive families. There is a

preponderance of mixed genderpairs in the adoptive families (76% boy-girl sibling

pairs), whereas the control sample consists of more same-gender pairings (61%).

Obviously, the adoption agencies considered the gender of second placements in

order to favor brother-sister pairs.

Procedure and measures

The parents’ temperament was assessed using the EASI (Buss & Plomin, 1975).

Although several instruments were used for the children, the measure employed at

each age was the Colorado Childhood Temperament Inventory (CCTI: Rowe &

Plomin, 1977). The CCTI wasused for parent ratings at all four testing dates (7

through 10 years, averaged over mother’s and father’s ratings), teacher ratings for

the same age points, tester ratings at age 7, and children’sself-ratings at ages 9 and

10. Four scales (Sociability, Emotionality, Activity, Attention Span) are common to

parent, teacher, tester, and self-ratings. Additionally, parents rate their children on

two CCTIscales that represent dimensions of Chess and Thomas’ (1984) New York

Longitudinal Study, namely Reactions to Foods, and Soothability. Since parental

ratings on these last two scales cannot be compared to ratings by others, we will

report results on the first four scales.

According to Buss and Plomin (1984), the CCTI Emotionality scale is a measure

of distress, while the Activity scale is homologous to the adult EASI Activity scale,

and the CCTI Sociability scale measures a mixture of sociability and shyness.

Exploratory factor analysis (Plomin & DeFries, 1985) showed the adult EASI

measures to yield factors comparable to the child CCTI measures.
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Additionally, the examiner used a modified version of the Infant Behavior Record
(IBR: Bayley, 1969), the Modified Behavior Record (MBR), with more age-appro-
priate items (Plomin, DeFries, & Fulker, 1988). Exploratory principal-components
analysis of the MBR items, with varimax rotation, yielded four factors which were
used to construct scales, namely Attention Span, Fear(of strangers), Sociability, and
Impulsivity.

At age 7, the children were tested in the CAP laboratories at IBG, University of
Colorado, Boulder. Testing for ages 8, 9, and 10 was completed during a telephone
interview, and teacher ratings were obtained by mail.

Design and analysis

To assess genetic and environmental etiologies of temperamental traits, we will
present both parent—offspring and sibling correlations. With regard to the parent—
offspring adoption design, we comparecorrelations between adopted children and
their biological and adoptive parents to those between nonadoptive parents and their
offspring. For reasons mentioned earlier, we will focus on the sibling adoption
design, which comparescorrelations for adoptive siblings (whose resemblance is due
only to their shared environment) and nonadoptive siblings (who share heredity as
well as family environment). For a moredetailed discussion of the designs employed
and the model-fitting expectations, see Chapter 3.

Power considerations

Since the samples available for sibling comparisons are small, particularly at later
ages, we are only able to detect “large effects.” At age 10, we only have 80% power
to detect even large effects (Judd & McClelland, 1989). Also, assuming 50%
heritability in childhood and in adulthood, as well as a genetic correlation of .50
from childhood to adulthood, the CAP sample would only have 50%powerto detect
the resulting expected correlation of .125 (Plomin, 1986). Clearly, the results
reported in this chapter must be regarded as preliminary.

Results

As indicated earlier, the present chapter reports CAP temperamentresults for
teacher and tester ratings in addition to parent ratings and self-reports. Although
parent—offspring correlations for the EASItraits are included, our focus is on the
sibling adoption design, which will be applied to CCTItraits as well as other
variables. We begin, however, with preliminary issues such as mean comparisons
between adoptive and nonadoptive families and between boys and girls. Individual
differences analyses concerning rater agreement, longitudinal stabilities, and select-
ive placement, as well as assortative mating, are also described.
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Meansanalyses

Table 9.1 shows the means, standard deviations, and effect sizes on all measures by

gender and Table 9.2 by family status. Effect size is a standardized measureof the

difference between the means of two groups. Tester ratings are given as mean

ratings per scale. Entries for year 7 under the column heading ‘Tester/Self’ refer

to tester ratings, while entries for year 9 and year 10 under the same heading refer

to self-ratings. (Neither tester nor self-ratings are available for year 8.)

Effect sizes over .26 are considered “large” by Cohen (1977), whereas those over

.13 are termed “medium.” It is remarkable that the children’s self-reports show

effect sizes of .17 and above in regard to gender. During the ages of 9 and 10 years,

children perceive considerably more differences related to gender than their parents

or teachers do.

Multivariate repeated-measures analyses of variance across all scales and time

points were performed to test whether there were systematic differences in the

observed temperament ratings due to genderor to family status, i.e. adopted versus

nonadopted children. Table 9.3 showssignificant differences for these analyses, as

well as for those at age 7, the only time point for which tester data wereavailable.

Adult raters (parents, teachers, and testers) perceive differences between nona-

dopted and adopted children. Contrary to prevailing views about adoption, adopted
children are not uniformly rated more negatively. Parents rate adopted children as
more sociable than control children. However, parents rate adopted children as more
active, and teachers rate them as lower in attention span. Moreover, adopted

children do not rate themselves differently on average from nonadopted children.
Parents and teachers report typical gender differences. Parents rate boys as

more active and teachersrate girls as more attentive. Boys themselves report that
they are more active and more sociable than girls; girls rate themselves as more
emotional.

Although these reported differences are statistically significant, they only account
for between 1% and maximally 5% of the observed variance. No significant
interactions emerged between adoptive status and gender. Theage variable in Table
9.3 refers to mean changes across the four age points. The results indicate that the
children are seen, at least by their parents and by themselves, as increasingly
sociable and less active as middle childhood progresses.

For the multivariate analyses of tester ratings at age 7, shown in the bottom part
of Table 9.3, results are generally similar to those for parents and teachers. Testers
rate adopted children as more emotional, more active, and less attentive than
children from control families.

Interrater agreement

Since temperamentratings of others are the result of the “real” temperament and
the rater’s perception or bias, the agreement amongdifferent raters can be viewed
aS an indication of the extent to which the sametrait is being measured in the
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Measure

Year 7

Sociability

Emotionality

Activity

Attention Span

Year 8

Sociability

Emotionality

Activity

Attention Span

Year 9

Sociability

Emotionality

Activity

Attention Span

Year 10

Sociability

Emotionality

Activity

Attention Span

Parents

Boys Girls

19.12+3.78 19.22 + 4.24

13.62 +3.63 14.23+ 4.20

19.93+3.02 18.75 +3.77

18.64+£3.16 18.20+3.23

19.02 +3.96 19.58+3.59

13.85+3.31 14.34+3.49

19.46+2.90 18.96+3.24

18.29+3.31 18.40+2.95

19.52+4.11 19.68 + 4.17

13.46+3.98 13.99+ 4.41

19.32+3.69 18.31+43.81

18.09+3.92 18.41+3.65

19.17+4.26 19.80 + 4.25

13.3443.92 14.15+4.42

18.21+3.95 18.08+4.04

18.17+3.96 18.15+4.14

Effect

02

16

.35

14

15

14

.16

.04

04

13

27

.08

15
19
.03

.00

Boys

18.02 + 3.89

11.04 + 4.38

19.13 + 3.82

17.49 + 3.98

18.19 + 4.19

10.58 + 4.52

18.75 + 3.90

17.63 + 4.28

18.68 + 3.87

11.11 4 4.45

18.78 + 4.07

17.39 + 4.29

18.62 + 3.87

11.04 + 4.49

18.54 + 4.12

17.25 + 4.26

Teachers

Girls

18.51 + 4.24

10.26 + 4.03

18.03 + 4.01

18.80 + 3.85

18.54 + 4.33

11.04 + 4.43

18.00 + 4.11

18.19 + 3.89

18.25 + 4.08

10.50 + 4.37

17.93 + 3.89

17.87 + 4.08

17.95 + 4.60

10.91 + 4.05
17.99 + 4.39

18.57 + 3.84

Effect

12

18

28

34

.08

10

19

14

ll

14

21

ll

16
.03

13

.33

Boys

3.69 + 0.90

1.43 + 0.68

3.72 + 0.69

3.39 + 0.93

15.63 + 3.04

9.79 + 3.91

15.56 + 3.17

15.70 + 3.09

16.22 + 3.03

9.14 + 3.56
15.70 + 3.18

15.72 + 3.03

Tester/Self

Girls

3.72 £0.91

1.50 + 0.58

3.47 £0.70

3.35 + 0.90

14.56 + 3.28

10.49 + 4.20

14.23 + 2.67

15.09 + 3.13

15.20 + 3.03
10.26 + 4.12

14.75 + 2.94

15.12 + 3.08

Effect

03

Al

.36

.04

29

17

46

20

34

29

31

.20
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Measure

Year 7

Sociability

Emotionality

Activity

Attention Span

Year 8

Sociability

Emotionality

Activity

Attention Span

Year 9

Sociability

Emotionality

Activity

Attention Span

Year 10

Sociability

Emotionality

Activity

Attention Span

 

Adopted

19.85 + 4.04

13.71 + 4.03
19.62 + 3.68
18.57 + 3.26

19.55+4.1]

14.07 + 3.49

19.43 + 3.26

18.24 + 3.26

20.15 + 4.10
13.57 £4.15
19.35 + 3.89
18.19 + 4.06

19.91 + 4.48
13.71 £4.08
19.11 + 3.76
18.14 + 4.20

Parents

Control

18.51 + 3.84

14.08 + 3.79

19.16 + 3.17

18.31 + 3.14

18.97 + 3.44

14.07 + 3.30

19.04 + 2.84

18.45 + 3.04

19.00 + 4.10

13.82 £4.22

18.37 + 3.58

18.28 + 3.52

18.92 + 3.94

13.67 + 4.26
17.99 + 3.64
18.17 + 3.73

Effect

27
.09
13
.08

15
.00
13

07

28

.06

.26

02

23

01
.30
01

Adopted

18.70 + 3.86

10.59 + 4.04

19.13 + 3.98

17.49 + 4.11

18.42 + 4.05

10.49 + 3.99

18.35 +4.11

17.21 £4.29

18.68 + 3.87

10.94 + 4.32

18.63 + 3.95

17.06 + 4.36

18.67 + 4.00
11.25 + 4.03
18.64 + 4.19

16.92 + 4.05

Teachers

Control

17.82 + 4.20

10.75 + 4.42

18.17 + 3.87
18.63 + 3.77

18.26 + 4.47

11.09 + 4.93

18.49 + 3.91

18.59 + 3.82

18.25 + 4.08

10.70 + 4.53
18.11 + 4.05

18.22 + 3.92

17.96 + 4.41

10.71 £4.55
17.94 + 4.29

18.78 + 4.00

Effect

22

.04

24
29

.04

13
.03

.34

ll

.05

13

28

17
13
17

46

Adopted

3.72 + 0.91

1.57 + 0.64

3.69 + 0.70
3.23 + 0.84

15.08 + 3.19

10.02 + 4.24

15.35 + 3.00

15.35 + 3.13

15.81 + 3.01

9.77 £ 4.05
15.33 + 3.16

15.71 + 3.28

Tester/Self

Control

3.69 + 0.90

1.36 + 0.62

3.53 + 0.70
3.49 + 0.96

15.21 + 3.20

10.21 + 3.86

14.53 + 3.00

15.51 43.11

15.72 + 3.14

9.48 + 3.62
15.10 + 3.14

15.16 + 2.79

Effect

.03

.33

.23
29

.04

.05
27

.05

.03

.08
07
.18
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different context of home, laboratory, and school. Correlations of ratings by persons
that have a different role for the child, such as parents and teachers, have been
reported to average .28, whereas correlations between self-ratings and ratings by
others averaged .22 (Achenbach, McConaughty, & Howell, 1987). Table 9.4 lists the
interrater agreement for our sample for all possible combinations.

Table 9.3 Multivariate analyses of CCTI scores

  

Source Overall Soctabithty Emotionality§ Activity Attention Span

Parents (ages 7 to 10)

Gender .03
BACstatus? 01 .04
Age .04 05 01

Teachers (ages 7 to 10)

Gender .O1

BACstatus? .02 .00
Age

Self (ages 9 and 10)

Gender .00 .00 02 .00
BACstatus? .00
Age .00 04

Tester (age 7)

Gender .00

BACstatus? .00 02 .00

 

Note: Significant probability levels are shown.

* BACstatus: adopted versus nonadopted.

Table 9.4 Interrater correlations of CCTIratings

Measure PT PR PS TR TS

Year 7

Sociability 46*** ASREE 33**
Emotionality 07 .08 16

Activity 30*** 28*** .16*
Attention Span .26*** 15* 28***
Min. N used 151 144 130

Year 8

Sociability 37FEF
Emotionality .26**
Activity 40***
Attention Span 3BFFF
Min. N used 135

Year 9

Sociability 40*** .23** 13
Emotionality 23** 14 07

Activity 24** .19* .19*
Attention Span 35*** 15 05
Min. N used 156 176 162
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eee
Measure PT PR PS TR TSeee

ES

Year 10

Sociability 45eee 38*** 34R*
Emotionality 12 25FRF 05
Activity 28*** 27*** .18*
Attention Span 35FR* .16* 12
Min. N used 135 173 138
T
D

SsFSSeeisspSSSPPUASGSESIUssasesumsmneens

Note: PT = parent-teacher correlation; PR = parent-tester correlation; PS = parent-self’
correlation; TR = teacher-tester correlation; TS = teacher-self correlation.
*p < .05, **p < .01, *** » < .001.

Generally, all raters show significant agreement on their perception of the child’s
sociability, activity level, and, with the exception of ages 9 and 10, its attention
span/persistence. However, emotionality showed less evidence of rater agreement,
which mightbe indicative of the different contexts or of a rating bias. Coon and
Carey (1988) found evidence for a weak rating bias for temperament data on the
same sample at younger ages. The magnitude of the correlation between parent and
teacherratings is similar to that reported by Goldsmith, Rieser-Danner, and Briggs
(1991) for preschoolers.

Stability of measures over time

Longitudinal correlations indicate how stable a particular temperamenttrait is over
time. Table 9.5 lists same-trait longitudinal correlations from 7 to 10 years of age
for parent, teacher, and self-ratings.

Table 9.5 Longitudinal correlations of CCTI ratings by rateree
Measure Agea

7-8 7-9 7-10 5-9 8-10 9-10EY
Sociability

Parentrating BOFEE TORRE 74RRR 7QHRR 77H QOH
Teacher rating .35*** 43¥** 44  Agwek 39x84Ode
Self-rating alll

Emotionality

Parent rating T1*EE  66FE 61H 65H OT] HHH GQHe
Teacher rating .24** (17% .18* 23% 27**® 23**
Self-rating 44tee

Activity |
Parent rating 7O*EE 72*RR 62*HH OTTHRH 74 7GHHH
Teacher rating .41***

=

41***#  26%* 4] 334 33a
Self-rating ATER

Attention Span

Parent rating T38**  60*F*

—

62*E 66*EH GGRRR 7(RE
Teacher rating .34*** 5] *##* 35%

0

ATHRH  3QmRH Zod
Self-rating .22**eee
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Table 9.5 (Cont.)

grnenn

S
S

Measure Age

7-8 7-9 7-10 8-9 8-10 9-10

  

Min. WN used for

Parent rating 163 170 167 156 154 161

Teacher rating 125 133 116 143 123 132

Self-rating 175

 

*» < 05, **p < .01, ***p < .001.

Parental ratings show highstability as they did in early childhood (Plominet al.,

1988). The teacher ratings show lessstability. Parental rating correlations may be

higher because parents spend more time with their children and thus see more

consistency across time since they average their children’s behavior over much time

and manysituations. Alternatively, it is possible that parents’ perception of their

children’s temperament does not change over time. It should be noted that the

source of parental ratings is the same persons each year, whereas different teachers

rate the children each year. Also noteworthy is the finding that self-report ratings

show significant stability from 9 to 10 years. Finally, sociability ratings showslightly

greater stability for all four raters than do the other CCTscales. Thus, aspects of

the children’s temperament show somestability over time, as longitudinal correla-

tions are highly significant for the various raters and scales.

Selective placement and assortative mating

Since selective placement can inflate estimates of both genetic and environmental

parameters (see Plomin & DeFries, 1985), correlations between biological and

adoptive parents were used to detect selective placement. Table 9.6 lists selective

placementcorrelations.

Table 9.6 Selective placement correlations for parental EAST scales

eer

e
S

Scale Biological mother- Biological mother- Biological father- Biological father-

adoptive mother adoptive father adoptive mother adoptive father

Emotionality

Fear .06 07 .69 .35*

Anger —.05 02 —.07 .08

Activity 01 —.05 ~.10 .04

Sociability 01 lM —.30* —.14

Impulsivity -.03 .08 —.05 —.04

(N) 226-229 220-222 49 48

*p < .05.

Although two of the 20 EASIcorrelationsare statistically significant, one of these

is negative and the average correlation is close to zero; thus, selective placementis

minimal for these personality measures.
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Another influence on observed familial correlations is assortative mating. When
the child’s biological or adoptive parents are similar, this will increase the parent—
offspring and sibling resemblance. Table 9.7 lists assortative mating correlations for
the three types of parents.

Table 9.7 Assortative mating correlations for parental EASI scaleseee
Scale Biological parents Adoptive parents Control parents

Emotionality

Fear .10 —.14* —.07
Anger ~.09 —.02 —.09

Activity —.09 .08 .06
Sociability .08 .06 21***
Impulsivity —.26 .05 15*
(N) 47-49 227-229 234-236OTH
*» < 05, ***p < 001.

Correlations between biological fathers and mothers and between adoptive parents
provide little or no evidence for assortative mating. For control parents, spouse
correlations are significant for two of the five traits. However, as indicated in the
following section, this suggestion of assortative mating for control parents does not
result in greater parent—offspring similarity for control families.

Parent—offspring correlations

Parent—offspring correlations of mean ratings averaged over the middle childhood
years are presented in Table 9.8. The correlations involve parental self-report
ratings and ratings ofthe children by four sources: parents, teacher, tester, and self.
Wepresent average parent—offspring correlations for three reasons: there are many
correlations; few of them are statistically significant; and no age trends were
observed. In Table 9.8, the numberofstatistically significant correlations (9) is only
slightly greater than the number expected by chance (6). Moreover, two of the
significant correlations are negative in sign. This finding of negligible familial
resemblance suggests that neither heredity nor shared environment contributes
importantly to individual differences in personality measures.

Table 9.8 Parent—offspring correlations based on children’s CCTI ratings and
parents’ EASIself-ratings
SSSA

SSSifssSeiesepwnsnan

Measure BF BM AF AM CF CMmE

NEN

Sociability

Parent rating 12 .09 14 .20* 12 1
Teacher rating 18 15 07 18 ll 02
Self-rating 15 —.06 11 02 .20* 14
Tester rating 13 07 —.03 —.04 .00 —.08
Min. N used 18 95 94 95 79 79

-_

OO

eS
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Table 9.8 (Cont.)

teptAa

SA
S

a
Measure BF BM AF AM CF CM

Emotionality — Fear

Parent rating —.06 10 —.16 —.01 02 01

Teacherrating 12 01 01 —.01 —.Q2 ld

Self-rating .04 05 —.05 —.01 —.02 .04

Tester rating —.05 .00 3O*** =—-.14 .16* —.08

Min. N used 22 110 106 108 95 96

Emotionality — Anger

Parent rating 17 05 07 —.08 12 .09

Teacher rating —.19 -.01 12 —.11 —.13 .21*

Self-rating 02 .03 .04 02 .08 02

Tester rating 29 —.05 .19* —.05 -.01 —.04

Min. N used 22 110 106 108 95 96

Activity

Parentrating 20 —.01 A7 02 7 —.04

Teacherrating 02 03 06 14 10 —.12

Self-rating 16 .09 —.05 O01 03 .03

Tester rating 02 —.08 00 —.02 12 .00

Min. N used 24 115 113 115 99 100

Impulsivity

Parent rating 07 .05 —.15 —.03 —.02 .05

Teacher rating 13 —.06 O01 08 —.02 —.05

Self-rating .03 —.03 05 —.23** —.17* .00

Tester rating 10 —.06 -.11 —.05 02 .14*

Min. N used 24 115 113 115 102 103

rnA

i

———e—_e

Note: Correlations averaged over the two to four ages for which data available; tester ratings (one

time point only) are given for completeness.

BF = birth father; BM = birth mother; AF = adoptive father; AM = adoptive mother, CF =

control father; CM = control mother.

*p < 05, **p < .01, ***p < .001

However, two aspects of the design warrant caution in this interpretation. First,

the results are based on the parents’ self-report, whereas the data for the children

come from various sources. Second, the parents are adults, whereas the offspring

data were obtained during middle childhood. Thus, genetic and environmental

influences that differ between children and adults will not contribute to parent—

offspring resemblance.

Sibling correlations

As discussed in Chapter 3, the sibling adoption design can be used to assess genetic

and environmental influences because the correlation for adoptive siblings directly

estimates the proportion of variance due to shared environment, whereas the

difference between nonadoptive and adoptive sibling correlations estimates half the

variance due to heredity. In the present chapter, the results are presented for

genders combined because the sample size does not provide adequate power to
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detect significant differences in sibling correlations for boys and girls separately.

Table 9.9 lists sibling intraclass correlations for adoptive and nonadoptivesiblings

for parents’ ratings on the CCTIat 7, 8, 9, and 10 years of age. Sociability at 7 and

8 years yields significantly greater nonadoptive than adoptive sibling correlations;

however, because the correlations for adoptive siblings are negative, these differ-

ences are exaggerated.

Table 9.9 Sibling intraclass correlations for parent CCTI

ratings at years 7-10

Measure Adoptive N Control N

Year 7

Sociability —.20 61 .21* 66

Emotionality .03 60 —.24* 68

Activity —.29* 61 —.12 67

Attention Span —.09 60 —.06 68
Year 8

Sociability —.21 32 37** 45

Emotionality 16 32 07 44

Activity —.06 33 .06 43

Attention Span —.33* 32 13 44

Year 9

Sociability —.27 32 O01 48

Emotionality 14 33 10 48

Activity —.11 33 —.20 47

Attention Span .06 32 —.03 48

Year 10

Sociability —.22 22 —.06 31

Emotionality 10 22 —-.10 31

Activity —.11 22 —.46** 29

Attention Span —.48** 22 .20 32

Note: Intraclass correlations are based on double-entered data, and

the N for significance testing has been adjusted accordingly; those

families have been excluded from analyses who had been identified

as bivariate outliers.

*p < .05, **p < .01

Averaging over the four years, the adoptive and nonadoptive sibling correlations
for Sociability are —.23 and .13, respectively; .11 and —.04 for Emotionality; —.14
and —.18 for Activity; and —.21 and .06 for Attention Span. The negative
correlations for Activity are interesting in that Activity also yields negative correla-
tions for fraternal twins, who are genetically as similar as non-twin siblings (Buss &
Plomin, 1984).

The results in Table 9.9 clearly confirm CAP results in early childhood, indicating
that parental ratings on the CCTI provide no evidence for genetic influence either
from parent—offspring or sibling adoption analyses, which is in contrast to results
from twin studies. However, DZ correlations are often low and sometimes negative,
which1s similar to the results for non-twin siblings in Table 9.9.
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Table 9.10 Sibling intraclass correlations for tester CCTI
ratings at year 7

 

Measure Adoptive N Control N

Sociability —.02 63 .30* 72
Emotionality .06 36 —.08 38
Activity .03 64 .23* 73
Attention Span —.08 63 11 74

 

Note: Intraclass correlations are based on double-entered data, and the N

for significance testing has been adjusted accordingly; those families have

been excluded from analyses who had been identified as bivariate outliers.

*p < .05

In contrast, tester ratings on the CCTIat 7 years of age, as shown in Table 9.10
provide evidence of genetic influence for Sociability and Activity. For all four

scales, adoptive sibling correlations are near zero, whereas nonadoptive sibling

correlations are significant for Sociability and Activity. As shown in Table 9.11,
tester ratings on the MBRalso suggest some genetic influence for Fear and possibly
for Attention Span and Impulsivity.

Table 9.11 Sibling intraclass correlations for tester

MBRratings at year 7

 

Measure Adoptive N Control N

Attention Span —.09 63 17 74

Fear —.05 63 .30** 71

Sociability 10 61 .06 73

Impulsivity .06 63 14 73

Note: Intraclass correlations are based on double-entered data, and

the N for significance testing has been adjusted accordingly; those

families have been excluded from analyses who had been identified

as bivariate outliers.

*¥5 < 01

These results are important because the siblings were rated when each child was

7 years old, 1.e., they were rated in the laboratory several years apart. Moreover,

unlike parents, testers have had considerable experience rating children of that age.

Teacher ratings are interesting for similar reasons, although it cannot be assumed

that temperament in the classroom is characteristic of temperament in the home

with parents or in a session with a tester in a laboratory. Table 9.12 lists adoptive

and nonadoptive sibling correlations based on teacher CCTIratings.

At 7 years of age, when the sample is the largest, teacher ratings suggest genetic

influence for Sociability, Emotionality, and Activity. Some hint of genetic influence

can be seen at age 10, although none of the four CCTI scales shows a consistent

pattern of correlations across the years from 7 to 10. The average adoptive and

nonadoptive sibling correlations are .04 and .23 for Sociability; —.06 and .12 for

Emotionality; .09 and .35 for Activity; and —.04 and .20 for Attention Span.
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teacher ratings of Attention Span at age 7, teacher ratings of Sociability at age 8,
self-reports at age 9 on the Emotionality and Activity scales, and teacher ratings for
Activity also at age 9. However, none of these shared environmental influences is
consistent over time.

Conclusions

In agreement with the conclusions of Plomin etal. (1988), CAP sibling data in
middle childhood do not show important influences of either genetic or shared
environmentalorigins for parental ratings. CAP results are consistent with previous
adoption studies like the Texas Adoption Project (Loehlin, 1979), which obtained
parent—offspring correlations for personality of .08 for adopted and .09 for natural
children, and sibling correlations for the Cattell 16PF (Cattell, Eber, & Tatsuoka,
1970) of .05 for biological and .04 for adoptive siblings. In the Minnesota
Transracial Study (Scarr et al., 1981), correlations of .01 for natural and .05 for
adopted children were reported. Supplementing parental ratings with those from
other sources yielded new insight into the etiology of temperament. Teacher and
tester ratings provided evidence for genetic influence on Sociability and, at certain
ages, Activity.

Discrepancies between parent and teacher/tester ratings

Although twin studies consistently yield identical twin correlations that are much
greater than fraternal twin correlations for parental ratings of temperament as
assessed by the EASI questionnaires, both the parent—offspring and the sibling
adoption design show little evidence of genetic influence. The results reported in
this chapter suggest that, despite their reasonableness and their evidence for genetic
influence in twin research, parental rating questionnaires do not assess the genetic
origins of temperament.
However, evidence for some genetic effect emerges from tester and teacher

ratings. Tester ratings revealed that two of the four behaviors measured byscales
of the MBR,namely Fear and Attention Spanas well as Sociability at age 7, showed
significant genetic influence. Teacher CCTI ratings appear to show genetic in-
fluence for Activity at age 7 and for both Activity and Attention Span at age 10,
although the latter finding needs to be confirmed with a larger sample size. The
results for teacher ratings are particularly surprising because teacher ratings have
not previously been employed in behavioral genetic studies of temperament, and
because each memberofthe sibling pair is rated by a different teacher.

Discrepancies between parent and teacher or teacher and tester ratings on the
same scales might be attributed to differences in the situations that elicit different
aspects of the children’s behavior, the school environment being more structured
than the home. Generally, the parent-teacher agreementis greater than the average
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Table 9.14 Parameter estimates using DF model

Measure Parents Teacher Tester Self

h? c° h’ c? h? c? ro
ae

CCTI year 7

Sociability 48** =.00 25 .00 .60*** .00

Emotionality .00 .00 .33 .00 .00 .00

Activity .00 .00 .67** 05 33 04

Attention Span

__

.00 .00 .00 21**

=

22 .00

MBRyear 7

Attention .31* .00

Fear .77***

—

00

Sociability 04 07

Impulsivity 16 04

CCTIyear 8

Sociability 72*** 00 .00 .26**

Emotionality .00 .04 29 .00

Activity .00 .00 .00 15

Attention Span 38 .00 .09 .06

CCTI year 9

Sociability .00 .00 35 .00 32 ~=.00

Emotionality .00 10 31 .06 00 =.18*

Activity .00 .00 .09 .28* 35 =.24*

Attention Span __.00 02 .44* .00 00 ~=-.00

CCTI year 10

Sociability .20 .00 25 jd 00 .00

Emotionality .00 .00 10 02 00 .04

Activity .00 .00 10+*** .00 39 ~=.00

Attention Span 47 .00 10+ *** .00 00 .00

 

Note: Bivariate outliers have been excluded from the computations. Constrained estimates are given

for those scales where only a reduced model was appropriate.

*p < .05, **p < .01, ***p < .001

These model-fitting results correspond well to the comparisons between nonadop-

tive and adoptive sibling correlations in Tables 9.8 to 9.12. For the CCTT ratings

at age 7, the ratings by two of the three groups (parents and testers) show significant

heritability for Sociability. Teacher ratings at 7 also show genetic influence for

Activity. The tester ratings of the MBR suggestsignificant genetic influence on the

children’s Attention Span and Fear.

At age 8, parent CCTIratings again give evidencefor significant genetic influence

on Sociability. At ages 9 and 10, genetic influence approaches significance for

teacher ratings of Sociability. At age 10, teachers’ reports indicate that Activity and

Attention Span are highly heritable. These estimates of heritability of Activity and

Attention Span derived from teacher ratings at age 10 should be treated with

caution, however, since even the constrained models resulted in heritability estim-

ates greater than unity. This result is almost certainly due to the very small sample

of adopted children tested at this age (17 pairs).
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Model fits

more detail in Chapter 3, one such method is the multiple regression approach of
DeFries & Fulker (1985) that can easily be used with anystatistical software package.
The model for analyzing sibling data, which has mainly been applied to twin data

but can befitted to any genetic relationship, uses the following formula:

C=B,P+ B.R+B;PR+A (1)

where C’ is the predicted score for a sibling, P is the child’s score, R is the
coefficient of their relationship (R = 0.5 for biological siblings and 0.0 for adoptive
siblings), PR is the product of the child’s score and the coefficient of the
relationship, and A is the regression constant. B, is a direct estimate of the variance
due to the shared environment (c?), while B; is a direct estimate of the heritability
(h*). As gender differences exist for some scales in our sample (see Tables 9.1 and
9.3), the above model was extended to include gender as a covariate. The model
usedis:

C=B,G+ BP+BR+B,PR+A (2)

where B; estimates h’ and B;estimates c? independent of gender (G). This flexibility
of the modelto incorporate covariates and interaction termsis one ofits advantages
over other modeling approaches.

Since regression coefficients are not constrained to be between zero and one, this
model can yield “non-sensible” solutions, for example by giving negative estimates
of h? or c*. When this occurs, a reduced model is fitted, which constrains the
estimate to be zero (Cherny, DeFries, & Fulker, 1992; Cyphers, Phillips, Fulker, &
Mrazek, 1990).

The significance of h’ or c’ can betested by an F test of the difference in R?, the
squared multiple correlation, between the full and the reduced model (Cherny et
al., 1992). Compared to maximum-likelihood estimates, the multiple regression
model has been shown to be somewhat more conservative, although the difference
is negligible when the correlations are small (Chernyet al., 1992), as is the case for
most of our analyses. In most cases the probability associated with the F test of the
difference in R’ is similar to the probability of the parameter estimate in the
parsimonious model. However,if the underlying model is violated, the significance
associated with the parameter estimate in the constrained model will be different
from that of the F test of the difference in R?. Such violations of model assumptions
occur, e.g., when large and positive correlations are observed for adoptive siblings,
while the correlations for control siblings are negative.

Resulting parameter estimates are presented in Table 9.14. Similar results were
obtained when a LISREL 7 model (Jéreskog & Sérbom, 1989) was fitted to the
same data.
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Table 9.12 Sibling intraclass correlations for teacher CCTI

ratings at years 7-10
or

Measure Adoptive N Control N

Year 7

Sociability —.18 40 14 41

Emotionality —.18 52 17 60

Activity .08 53 4D*** 60

Attention Span .25* 54 13 61

Year 8
Sociability .46** 30 .09 37

Emotionality ~.07 30 .04 35

Activity 18 30 .26 36

Attention Span 07 30 —.07 36

Year 9

Sociability —.22 31 18 42

Emotionality 05 31 21 41

Activity .32* 32 .33* 42

Attention Span —.08 32 22 42

Year 10

Sociability .09 16 .50** 23

Emotionality —.02 17 07 25

Activity —.23 17 .38* 23

Attention Span —.41* 17 52** 25

 

Note: Intraclass correlations are based on double-entered data, and the N

for significance testing has been adjusted accordingly; those families have

been excluded from analyses who had been identified as bivariate outliers.

*p < .05, **p < .01, ***p < .001.

Finally, Table 9.13 lists sibling correlations for the self-report version of the

CCTIfor the sample at 9 and 10. Genetic influence is suggested for Sociability at

9 and Activity at both 9 and 10.

Table 9.13 Sibling intraclass correlations for self CCTI

ratings at years 9 and 10

 

Measure Adoptive N Control N

Year 9

Sociability .00 40 .26* 51

Emotionality .28* 40 14 53

Activity .28* 38 45F 51

Attention Span —.07 39 —.05 52

Year 10

Sociability .04 27 -.01 35

Emotionality 53** 26 —.27 36

Activity —.26 26 | 35

Attention Span 16 27 -.12 36

 

Note: Intraclass correlations are based on double-entered data, and the N

for significance testing has been adjusted accordingly; those families have

been excluded from analyses who had been identified as bivariate outliers.

*p < .05, **p < .01, ***p < .001
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correlation of .27 reported by Achenbachetal. (1981) in their meta-analysis of 119
studies. In the CAP, the average correlation between parents and teachers is .42 for
the Sociability scale and .31 for Activity and Attention Span. The lower agreement
on Emotionality (.17) might result from it being a less easily observed facet of
temperament.

Discrepancies between twin and adoption results

Although the discrepancy between results from twin studies and those from family
and adoption studies has been noted previously, additional discussion of this
apparent paradox is clearly warranted. Heritability estimates from twin studies are
of such magnitude that parent—offspring correlations should be reasonably large, but
no study has found more than negligible parent—offspring correlations when the
offspring were children. Onepossibility is that genetic effects on a phenotype differ
in childhood and adulthood (Plomin et al., 1988). The expectation of ; h’ for the
correlation between biological parents and their adopted-away children applies only
to characters measured at the same age (Plomin, 1986). The parent—offspring design
also assumes that shared environmental influences stay the same across generations.
However, environmental changes across time (cohort effects) and secular trends
might change the etiology of observed phenotypic variations (Coon, Carey, &
Fulker, 1990).

Another issue concerns the age differences at the time of testing between
biological parents, and adoptive and control parents. While biological parents of
adopted children were tested when they were in their early twenties, on average,
adoptive and control parents were about a decade older when they entered the study
and were administered the questionnaires. This does not seem to be an important
factor, however,since the correlations in our sample do not differ systematically by
parent type.

Correlations between related siblings would also be expected to be substantial, if
heritabilities estimated from twin studies were valid. Loehlin (1992) observesthat,
whether adopted or biologically related, siblings grow to be less similar over time.
It seemsas if there is a tendency for the nonshared environmental factor to be the
most influential component of behavioral variation, as had already been noted by
Plomin and Daniels (1987).
The influence of rating bias on the CAP data was previously found to be

insufficient to explain low parent-offspring correlations regarding temperamentat
younger ages (Coon & Carey, 1988). With regard to sibling correlations, parents
seem to contrast their children, while ‘outside raters’ see their similarities. For
example (see Tables 9.9 and 9.12), parents in adoptive families rate their children
as being rather dissimilar in their attention span at age 8; their teachers, however,
rate the children more similarly. Verhulst and Koot (1992) suggest that whoever
rates somebodyelse’s personality might be projecting from their own self-percep-
tion. While we cannot reject this possible explanation, it does not seem to have
influenced parental ratings of their children. The parent—offspring correlations are
too low to support the projection explanation.
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Non-additive genetic variance (dominance and epistasis), rather than additive

gene action, could explain the unexpectedly high correlations between MZ twin

pairs. While the correlation of both DZ twins and non-twin siblings include a

quarter of the dominance variance, MZ twins, being genetically identical, shareall

of the dominance variance. Epistatic interaction might play an even more important

role in creating similarities between MZ twins. These additional sources of variance

might help to explain why observed MZ twin correlations were higher than

expected. Dominance effects could also explain why sibling correlations are slightly

higher than parent-offspring correlations. Unfortunately, to detect these effects, a

rather large sample size would be needed.

Since the CAP study is ongoing, comparing these results to those obtained when

the children enter adolescence will provide valuable information on change and

continuity in personality development. In a few years, when the CAP children will

be adults themselves, their self-ratings will be more comparable to the data that

their parents provided as young adults. Additional sibling data during middle

childhood will also be obtained during the next few years and should provide more

power to detect the influences of genes and the environment during this important

developmental epoch.
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Middle Childhood

 

Jenae M. Neiderhiser
Shirley McGuire

Behavioral competence and a sense of self-worth are especially important for
children during middle childhood (Damon & Hart, 1982: Erickson, 1950; Harter,
1990). While muchresearch has been devoted to understanding the antecedents and
correlates of children’s sense of competence, very few behavioral genetic analyses of
such outcomes have been previously reported. The little work which has been done
using behavioral genetic designs has focused on children’s incompetence (see Rende
& Plomin, 1990 for a review) or childhood delinquency and criminality (e.g., Rowe,
1986; Rowe & Rogers, 1985). Investigating the etiology of individual differences in
positive outcomes is especially important given the recent assertion by Hoffman
(1991) that behavioral genetic studies have not examined outcomessuch as social
competence which are thoughtto be heavily influenced by the family environment.
The purpose of this chapter is to examine genetic and environmental influences

on positive dimensions of children’s competence. While research in child develop-
ment and family studies has concentrated on the family environment as a primary
source of children’s self-worth and competence (see Harter, 1983; Wylie, 1979 for
reviews), these studies examined only one child per family, thereby not exploring
possible differences within families. In addition, most theoretical perspectives
concerning the development of social and behavioral competence have focused
exclusively on environmentalinfluences (Bandura, 1977; Cooley, 1902; Mead, 1934).
For example, one line of research has examined the relationships among parenting
styles and children’s social responsibility and achievement(e.g., Baumrind, 1971;
Steinberg, Mounts, Lamborn, & Dornbusch, 1991). Although there may be links
between the parenting styles and children’s outcomes, these associations may be
genetically mediated or may differ between the parent and each child within the
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family. Thus, it is important to investigate both genetic and environmental

influences on children’s social competence. Sibling studies, such as the Colorado

Adoption Project (CAP), make it possible to disentangle environmental influences

shared by siblings from those specific to one child. Furthermore, sibling pairs who

vary in genetic relatedness (nonadoptive versus adoptive pairs) can be used to

separate sibling similarity due to shared genetic heritage from that due to shared

environment.

In the only study that has explored genetic and environmental components of

children’s perceived self-competence, a twin/stepfamily analysis of Harter’s Self-

Perception Profile for Adolescents (1988), genetic influences emerged while shared

environmental influences had very little impact on ratings of perceived competence

(McGuire, Neiderhiser, Reiss, Hetherington, & Plomin, in press). Specifically,

individual differences for the dimensions of Scholastic, Athletic, and Social Accept-

ance and Physical Appearance were significantly heritable, whereas Self-worth,

Friendship, and Behavior Conduct were primarily influenced by nonshared environ-

ment. Genetic influences on these measures may bethe result of genetic contribu-

tions to cognitive development and personality. However, McGuire et al. (1993)

found that most of the genetic influences on Scholastic Competence and Social

Acceptance were unique to those measures and were not due to genetic influences

on verbal ability and sociability, respectively.

Change and continuity in competence over time is another focus of research in

this area (Bandura, 1977; Damon & Hart, 1982; Eisenberg & Harris, 1984; Kurdek

& Krile, 1983; Nottelmann, 1987). Most of this research has emphasized “universal”

developmental stages rather than individual differences. For example, Harter (1990)

suggests that the dimensions of competence change across the life-span, with five

distinct developmental stages: early childhood, middle childhood, adolescence,

young adulthood, and later adulthood. Less is known, however, about the stability

over time of individual differences in competence, as well as genetic and environ-

mental contributionsto stability.

CAP sibling adoption data were used to address two general issues for this

chapter: (1) genetic and environmental influences on measuresof self-worth assessed

during middle childhood; and (2) genetic and environmental contributions to

developmental change and continuity for these measures.

Method

Sample

The present analyses included children participating in the CAP tested at ages 7, 9,

and 10 years. Because the CAP is an ongoing longitudinal study, the sample sizes

decrease across time, ranging from 59 nonadoptive and 50 adoptive sibling pairs at

7 years to 33 nonadoptive and 25 adoptive sibling pairs at 10 years. There are

approximately as manygirls as there are boys in this sample (52%boys, 48%girls).
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Measures

Competence data were obtained from children participating in the CAPatages 7,
9, and 10 years of age. Two measures of competence were used: the children’s
self-report of their competence using Harter’s (1982) Self-Perception Profile for
Children, and mothers’ and teachers’ reports of the children’s social competence
using the CAP Social Competence Scale (CSCS).

Harter’s (1982) Self-Perception Profile for Children consists of six subscales:
Self-Worth, Behavior Conduct, Athletic Competence, Scholastic Competence,
Physical Appearance and Social Acceptance. The version of the Harter used in the
CAP is administered as part of a battery of questions about “feelings” during a
telephone interview when the children are 9 and 10 years ofage.
The CAP Social Competence Scale is based on the Walker-McConnell Scale of

Social Competence and School Adjustment (Walker & McConnell, 1988). Mother
and teacher reports on the dimensions of Leadership, Confidence, and Popularity
were measured when the children were 7 years of age. Teacher reports were also
obtained when the children were 9 years of age. Confirmatory factor analysis using
LISREL 7 (Jéreskog & Sérbom, 1989) was performed in which the number of
factors and the items on each scale were equated for mother and teacher reports.

Results

Meandifferences

In order to assess mean gender differences and mean differences between adoptive
and nonadoptive families, 2 (boys and girls) x 2 (adoptive and nonadoptive) analyses
of variance were conducted. Significant gender differences were identified for 7 of
the 24 measures (see Table 10.1). Thus, the effects of gender were regressed out of
the data for the remainderof the analyses. Significant mean differences for adoptive
status were found for 3 of the 24 measures, but accounted for only 12% of the
variance on average.

Univariate results

Intraclass sibling correlations were calculated in orderto assess sibling similarity for
nonadoptive and adoptivesibling pairs on the self-reports on the Harter, and mother
and teacher reports on the CAP Social Competence Scale. Table 10.2 contains the
intraclass sibling correlations for the competence measures. Thegreater correlations
for nonadoptive than adoptive siblings on scholastic competence suggest genetic
influence at both 9 and 10 years of age. In addition, evidence for genetic influence
emerged at either age 9 or 10 for the Harter scales of Self-Worth, Physical
Appearance, and Athletic Competence.
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Table 10.1 Means for competence measures by adoptive status and gender

 

Measure Nonadopted Adopted

Boys Girls Boys Girls

 

Mother report of CAP

Social Competence Scale

Year 7

Popularity 21.2 21.5 21.9 21.3

Confidence 43.9 46.0 45.1 46.1?

Leadership 32.9 32.5 34.0 33.6

Teacher report of CAP

Social Competence Scale

Year 7

Popularity 20.3 19.6 19.9 19.6

Confidence 40.9 43.1 40.1 40.7%°
Leadership 31.1 31.1 29.7 29.8

Year 9

Popularity 20.1 19.9 19.5 19.5

Confidence 39.2 43.] 38.8 40.42
Leadership 30.4 30.6 28.8 28.9

Harterself-report

Year 9

Physical Appearance 15.0 13.9 15.6 14.4

Athletic Competence 12.5 11.9 13.1 11.7?

Behavior Conduct 14.2 15.5 13.9 14.6?

Self-Worth 16.5 17.1 16.8 16.6

Scholastic Competence 13.9 14.4 13.9 13.6

Social Acceptance 15.4 14.5 16.0 15.0

Year 10

Physical Appearance 15.6 14.6 16.0 14.4?

Athletic Competence 12.5 11.6 13.4 11.5

Behavior Conduct 15.2 15.5 14.9 16.0

Self-Worth 17.3 16.8 17.3 17.3

Scholastic Competence 14.7 15,7 15.0 15.0

Social Acceptance 15.2 15.3 16.7 15.7°

 

4 Indicates significant gender differences.

> Indicates significant differences for adoptive status.

Even moreinteresting than the self-report data on the Harter are the results of

mother and teacher ratings of social competence. For mother ratings at age 7 and

teacher ratings at both 7 and 9 years, genetic influence is suggested for both

Popularity and Confidence. In addition, teacher ratings of Leadership also suggested

genetic influence at both age 7 and 9. Ratings of Leadership by mothers, who might

not be expected to be as well versed in rating their children’s leadership competence

as are teachers, did not suggest genetic influence.

In order to estimate genetic and environmental parameters for these measures,

maximum-likelihood model-fitting analyses were performed using LISREL VII
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Table 10.2 Yntraclass sibling correlations for competence
measures |

 

Nonadopted Adopted
  
Harter self-report:
Year 9

Physical Appearance 3O* ~.05
Athletic Competence .06, 12
Behavior Conduct —.01 5
Self-Worth 29% 08
Scholastic Competence 4h** 16
Social Acceptance —.13 22

Year 10

Physical Appearance —.07 .31*
Athletic Competence 20 ~.07
Behavior Conduct 08 .03
Self-Worth .08 .09
Scholastic Competence 22 mh)
Social Acceptance 16 .20:

Mother report of CAP
Social Competence Scale
Year 7

Popularity 29" 05
Confidence .41* 02
Leadership 10 13

Teacher report of CAP
Social Competence Scale
Year 7

Popularity .36** 07
Confidence .42* .00
Leadership 37** -.01

Year 9

Popularity 16 .00
Confidence .26 —.21
Leadership .30* ~.10ae

*p < 05, **p < 01.

(Joreskog & Sérbom, 1989). The results of these analysesareillustrated in Figures
10.1 and 10.2. Significance of the genetic and shared. environmental parameters was
tested by comparing nested models. When a model is compared to a reduced one,
the difference in x? between the two models can be used to determine the
importance of a parameter to the model. In this case either the genetic or shared
environmental parameter was dropped from the full modelto test the significance
of those parameters. For the Harter, Physical Appearanceat age 9 was the only area
of competence to show

a

significant genetic influence (Figure 10.1). However,
approximately half of the total phenotypic variance of Self-Worth and Scholastic
Competenceat age 9 and slightly less than half of the total variance of Athletic and
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Scholastic Competence at age 10 can be explained by genetic influences, although

none of these parameter estimates reached significance. Shared environmental

influences showed no evidence for either significant or substantial influence on any

of the Harter measures at age 9 or 10.

Year 9

Physical Appearance

  
  

    

 

Athletic Competencef sf

Behavior Conductt

Self-Worth

Scholastic Competence

Social Acceptance} —_

0 20 40 60 80 100

Percent variance

Year 10

Athletic Competence

Behavior Conduct

 

Figure 10.1 Univariate model-fitting results for the Harter (1982) Self-Perception Profile

for Children, showing percentage of total phenotypic variance accounted for by genetic and

environmental parameters.
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Motherreports: Year 7

   

   

  

Popularity

Confidence

0 20 40 60 80 100

Percent variance

Teacherreports: Year 7

Popularity

Confidence

Leadership

0 20 40 60 80 100

Percent variance

Teacherreports: Year 9

Popularity

Confidence

Leadership

 

0 20 40 60 80 100

Percent variance

 

Figure 10.2 Univariate model-fitting results for the CAP Social Competence Scale show-
ing percentage of total phenotypic variance accounted for by genetic and environmental
parameters.
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Figure 10.2 illustrates the results of univariate model-fitting analysis for the

mother and teacher reports on the CAP Social Competence Scale. For mother

reports at age 7, Confidence was significantly influenced by genetic factors and

Leadership showed no evidence for genetic influence. At age 7, teacher reports of

Confidence and Leadership showedsignificant amounts of genetic influence. As we

found with the Harter, in several cases genetic influences were substantial but not

significant. Specifically, genetic factors accounted for approximately half of the total

phenotypic variance for teacher reports of Popularity at age 7 and for Leadership,

Popularity, and Confidence at age 9. None of the teacher ratings of competence

showed significant shared environmental influences.

Longitudinal analyses

Phenotypic stabilities are modest for the self-report Harter measure from 9 to 10

and for the teacher ratings of social competence from 7 to 9. As indicated below,

the longitudinal correlations range from 11 to .37, with the exception of Harter

Athletic Competence (.58) and teacher ratings of Leadership (.45).

To what extent are these modest continuities and substantial changes during this

time of rapid development mediated by genetic and environmental factors? A

longitudinal model shown in Figure 10.3 was fitted to the data. The parameters G,

E;, and Ey represent the genetic, shared environmental, and nonshared environmen-

tal covariance that is commonto the two times of measurement, and the parameters

g, és, and e, represent the genetic, shared environmental, and nonshared environ-

mental components of variance that are unique to the second time of measurement,

and thus index change.

In Figure 10.4, longitudinal correlations from 9 to 10 for the Harter self-ratings

and from 7 to 9 for teacher ratings of social competence are indicated by the heavy

vertical lines. Variance in the measures that covary between the two ages — thatis,

continuity — is represented to the left of this marker. Variance due to change

Competence Competence

Time 1 Time 2

Figure 10.3 Longitudinal path model of genetic and environmental sources of change and

continuity. G is a latent variable representing genetic influences that affect the phenotypeat

both times of assessment. E, and E, are latent variables representing shared and nonshared

environmental influences commonto the two ages. The three latent variables — g, ¢; and ey, —

represent genetic, shared environmental, and nonshared environmental influences that are

specific to the phenotype at Time2.
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(including error of measurement)is to the right of the marker. Longitudinal genetic
analysis decomposesthese variances into genetic and environmental components, as
indicated by the key at the bottom of Figure 10.4. Stability in the Harter Self-ratings

Harter Self-Perception Profile

  
  
  

  

 

Physical Appearance

Athletic Competence

Behavior Conduct

Self-Worth

Scholastic Competence

Social Acceptance [7

Percent variance

CAP Social Competence Scale

  

Popularity CLLLLLLI
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Confidence
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Percent variance
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Stability Change

Figure 10.4 Summary of genetic and environmental components of continuity and change
in the Harter Self-ratings of competence from 9 to 10 years of age and in the Teacherrating
of self-competence from 7 to 9 years. As indicated by the key at the bottom ofthe figure,
the vertical bar indicates the phenotypic correlation at the two ages. To the left of the bar
are the genetic, shared environmental, and nonshared environmental components of the
phenotypic correlation; to the right of the bar are the components of change.
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of competence from 9 to 10 years is mediated by genetic factors for all of the

measures except Social Acceptance. Shared environmentis also a mediating factor

in stability for self-ratings of Physical Appearance, Behavior Conduct, and Scholastic

and Social Competence. It is important to note that nonshared environmental

factors mediate the stability in most of the self-ratings of competence from age 9 to

age 10. For all of the Harter competence measures, change from 9 to 10 years can

be explained exclusively by nonshared environmental factors. Stability in teacher

ratings of children’s competence from 7 to 9 years can be attributed primarily to

genetic mediation. Again, change in teacher ratings of competence from 7 to 9 years

can be explained solely by nonshared environmentalfactors.

Discussion

The primary question addressed in this chapteris whether the CAP sibling adoption

design would yield evidence for genetic influence or shared family environmental

influence on measures of competence in middle childhood. The answer seems clear:

Genetic influence is important and shared family environmentis not. Self-ratings

on the Harter showed genetic influence at either 9 or 10 years for Physical

Appearance, Athletic Competence, Self-Worth, and Scholastic Competence. None

of the scales showed significant shared environmental influence. The results for the

mother and teacher ratings are even more impressive in showing substantial genetic

influence and no influence of shared family environment. Especially noteworthy are

the results for the teacher ratings. Although membersofeach sibling pair were rated

by different teachers at different measurement occasions separated by two years on

average, genetic influence is substantia! for all three scales, especially at age 7 when

the heritability estimates exceed those typically found for self-report ratings of

personality.

These findings support the conclusions of McGuireet al. (in press) that genetic

and nonshared environmental influences were found to be significant contributors

to measures of children’s perceptions of their own competence. The assumptions of

sometheorists (e.g., Bandura, 1977; Cooley, 1902; Mead, 1934) that environmental

influences are the primary determinants of competence were not supported by these

results. This does not imply that the family environment is not an important factor

in the development of competence during middle childhood; however, it does

indicate that the family environment that is shared by siblings does not result in

sibling similarity on measures of competence and self-worth. These findings are

important given the recent argumentthat children’s social competence should show

shared, rather than nonshared, environmental influences (Hoffman, 1991).

Although longitudinal stability of competence from age 9 to 10 for self-ratings

and from 7 to 9 for teacher ratings is only modest, genetic factors appear to

contribute to this stability for self-reports of Physical Appearance, Self-Worth, and

Athletic and Scholastic Competence, and for all three teacher ratings of competence.

Genetic factors do not appear to be involved in change across these relatively short

intervals.
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These findings suggest several avenues for future research. First, all of these
measures showed substantial nonshared environmental influences. Studies have
examined links between sibling differential experiences and children’s adjustment
and achievement (e.g., Daniels, Dunn, Furstenberg, & Plomin, 1985; McHale &
Pawletko, 1992); however, this research could be extended to include other areas of
children’s competence including peer and athletic competence. Second, work in this
area should be extended from middle childhood to adolescence when there may be
important changes in genetic and environmental influences.
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Over the past decade there has been considerable interest in stress as experienced
by children and adolescents. This interest has followed in part from research on
adults in which stress has been shown to be an important factor relating to both
physical health and psychological well-being. An emerging literature has revealed
that stressful experiences may also have adverse consequences for children and
adolescents (see Compas, 1987; Johnson, 1986). This chapter will focus on the stress
of first grade, and its relation to behavior problems, as assessed in the CAP.

Why First-Grade Stress?

Manystudies relating stress to behavior problems in childhood have focused on
the impact of major life events (see Compas, 1987; Johnson, 1986). A general
conclusion from this work is that major life events show a moderate relationship
(correlations ranging between .20 and .30) with negative outcomes such as behavior
problems. While this research supports the contention that stress in childhood may
be linked with negative outcomes, there are other potential sources of stress for
children (Compas, 1987). In particular, there have been numeroussuggestionsthat
developmentally relevant life transitions may be stressful for some children, and
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hence may beassociated with negative outcomes (e.g., Dunn, 1988; Humphrey,
1984).

One developmentally relevant life transition for children is the beginning of
elementary school. Studies of older children enrolled in higher grades in elementary
school (third to sixth graders) have documented that school-related events are a
source of stress (e.g., Colton, 1985; Humphrey, 1984; Phillips, 1978; Schultz &
Heuchurt, 1983). However, the stress of the first year of elementary school has
received little direct study, and consequencesofstressful experiences in beginning
school have yet to be explored.

First-grade stress may be especially salient to children because of the changes
experienced in the transition to elementary school. For example, children are
required for the first time to be in school for a full day; they begin to experience
more academic demands; and they also have increasing demandsto get along with
peers, as well as to negotiate interactions with older children in the school. It is
possible that children will vary in their adaptation to these new demands,andalso
that individual differences in adaptation will correspond to differences in outcomes,
such as behavior problems.

Research issues

This chapter will focus on three research issues concerning first-grade stress: (1)
assessing the stressfulness of events related to beginning first grade, (2) finding
contemporaneousand longitudinal relations between first-grade stress and behavior
problems in school, and (3) estimating the relative contributions of genes and
environment to individual differences in stressful experiences in first grade.

Assessing the stress of first grade

As noted earlier, relatively little systematic work has been done on quantifying the
stressfulness of events experienced. in the first grade. An important methodological
issue in this work concerns the informant, or person providing the information on
stressful events. Recent research on childhood stress has incorporated child as well
as parent reports of stressful events and the distress experienced by children (e.g.,
Brown & Cowen, 1988; Colton, 1985; Compas, Howell, Phares, Williams, &
Ledoux, 1989; Rende & Plomin, 1991; Sandler, Wolchik, Braver, & Fogas, 1986).
An important conclusion from this work is that children’s own perceptions of the
distress due to stressful events often differ from adult ratings of the children’s
stress. Researchers in the field have strongly recommended that children’s own
perceptions of events be collected (Compas, 1987).

In the CAP,both child and parent reports of the occurrence and upsettingness of
18 potentially stressful events experienced in the first grade were collected. The
perspective of both child and parent is represented, allowing direct comparison of
their reports.
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Relations between stress and behavior problems

There is a growing literature documenting how stressors such as major life events

influence maladaptation in middle childhood (see Compas, 1987). Furthermore,

there is evidence that children’s self-reports of the upsettingness of major life events

correlate with school adjustment (Pryor-Brown & Cowen, 1990). Given this, it is

reasonable to speculate that first-grade stress may also be related to behavior

problems in school. Such information would not only extend our knowledge about

behavioral consequences of stress in childhood, but also help to identify children

who havedifficulties adjusting to elementary school.

A more complexissue concernslongitudinal relations between stress and behavior

problems. Traditionally, most studies have examined contemporaneous relations

between sources of stress — especially major life events — and behavior problems

(see Compas, 1987; Johnson, 1986). More recently, however, there has been a

recognition of the need to assess longitudinal relations to determine if there are

relatively long-term consequences of stress. An especially important methodolo-

gical consideration is the need to partial out the effects of earlier behavior problems

when determining longitudinal relations between stress and later behavior prob-

lems (e.g., Compas et al., 1989). Such a strategy assesses longitudinal effects of

stress independent of previous levels of behavior problems; in other words, it

helps to determine if stress is associated with changes in behavior problems over

time.

The longitudinal design of the CAP enables us to assess relations between

first-grade stress and behavior problems as reported by teachers two years later.

This relationship will be examined after controlling for the previous level of

behavior problems (as reported by teachers at the same timethat first-grade stress

was assessed).

Genes, environment, and first-grade stress

Traditionally, stress has been conceptualized in research with both children and

adults as an environmental risk factor. For example, one of the most common

etiological models for psychopathologyis the diathesis-stress model, in which both

a predisposition to psychopathology (diathesis) and precipitating events or stressors

(stress) contribute to the expression of symptomatology. Although the diathesis-

stress model does not necessarily specify how genes and environmentcontribute to

psychopathology, it is often hypothesized that genetic factors represent the dia-

thesis, and environmentalfactors are responsible for the stress (see Rende & Plomin,

1992a). However, recent behavioral genetic research has demonstrated that proto-

typical measures of stress in adults — such as perceptions of life events — show as

much genetic influence as do measures of personality (Plomin, Lichtenstein,

Pedersen, McClearn, & Nesselroade, 1990). Hence, rather than assuming that

first-grade stress represents an environmentalrisk factor, the relative contributions

of genes and environment should be assessed empirically.
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Wehave used the sibling adoption component to the CAP to investigate genetic
and environmental contributions both to the occurrence of eventsin the first grade,
and the perception of the stressfulness of these events. In addition, the sibling
adoption component has provided data on the etiology of behavior problems in
school, as reported by teachers. These data, in conjunction with the data on
first-grade stress, will be used to inform a diathesis-stress model of school-related
behavior problems.

Method

Sample

The sample consisted of 206 children (108 males, 98 females) in the adoptive
families, and 208 children (111 males, 97 females) in the nonadoptive families,
participating in the year 7 assessments in the CAP. In addition, 177 children (93
males, 84 females) in the adoptive families and 169 children (79 males, 90 females)
in the nonadoptive families participated again in the year 9 assessments.

In the adoptive families, complete data were available for 50 sibling pairs assessed
at age 7, and 33 pairs assessed again at age 9. In the nonadoptive families, complete
data wereavailable for 54 sibling pairs assessed at age 7, and 47 pairs assessed again
at age 9.

Measures and procedures

During the year 7 assessments in the CAP, children and parents were administered
the first-grade stress interview which is described below. For each child, one teacher
was asked to complete the teacher version of the Child Behavior Checklist (CBCL)
which is also described below; teacher reports were acquired during the 7- and
9-year assessments.

First-grade stress

Children and parents were administered an inventory containing 18 items associated
with first grade (see Rende & Plomin, 1992b); the items were chosen based on
open-ended interviews with children, parents, teachers, and clinicians designed to
generate a list of representative items associated with first grade. Areas represented
include academic concerns (3 items), peer relations (6 items), teacher relations (3
items), parent relations (2 items), and general hassles (4 items) (see Appendix).
One parentof each child was given a form listing the 18 items and was instructed

to (1) indicate if the item was experienced by the child during the previous year,
and (2) for items which were experienced, rate the upsettingness of the item to the
child on a 4-point scale (0 = notat all upsetting, 3 = very upsetting).
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Adoptive probands Nonadoptive probands

Males Females Males Females

N MSD) N M(SD) N MSD) N M(SD)

a

Stress

Child report

Total events 108 10.18(6.91) 98 11.06(6.37) 111 10.46(7.19) 97 9.35(6.47)

Total upsettingness 108 7.92(3.04) 98 8.05(2.96) 111 7.69(3.01) 97 7.29(2.50)

Parent report

Total events 108 9.18(4.72) 98 7.18(4.83) 111 9.46(4.52) 97 7.83(4.70)

Total upsettingness 108 6.14(2.45) 98 5.37(2.86) 111 6.25(2.45) 97 5.51(2.62)

Behavior problems

Internalizing

Age 7 108 5.16(5.95) 98 5.19(4.93) 111 4.90(7.88) 97 4.95(5.60)

Age 9 93 7.07(6.15) 84 6.59(6.72) 79 5.53(5.69) 90 5.58(6.85)

Externalizing

Age 7 108 9.17(10.22) 98 5.24(8.35) 111 6.82(10.94) 97 3.70(6.02)

Age 9 93 8.82(9.29) 84 4.46(4.74) 79 6.35(8.08) 90 3.77(5.99)
t
S
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y concerning the occurrence and upsetting-ness of each item. The interview was semi-structured, with the interviewer askingthe child if s/he experienced each item during the past year, and then asking the
rning each experienced item (with theinterviewer being blind to the parent’s responses). In particular, the interviewerasked the child “How did [the item] make you feel? How upset were you?”, andthen asked the child to rate the upsettingness on the 4-point scale. Pilot work(NV = 30) indicated that 1-week test-retest reliability of the ratings was .83.

Two composite scores were computed for children

Compas, 1987).

Behavior problems

Achenbach & Edelbrock, 1986). The CBCL consists of 113 items of behavioralsymptomatology that yield two second-order factors, Internalizing and Externaliz-ing, as well as a total score. In the present sample, the externalizing dimension washighly correlated with the total score
dimension (r = .36);
included in analyses.

Results

Descriptive statistics: First-grade stress and behavior problems

Table 11.1 presents descriptive statistics for the two composite scores — total
number of events and total upsettingness score — as provided by both child and
parent report. 2 x 2 MANOVAs(gender, adoptive status, gender x adoptive status)
revealed no significant effects of adoptive status for the variables listed in Table
11.1. Gender effects were found for parental report of both total number of events
(overall F3391 = 3.06

for total upsettingness rating in adoptive families.
Descriptive statistics for internalizing and externalizing behavior problems as

teachers in the year 7 and year 9 assessmentsare also shown in Table 11.1.
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2x2 MANOVAsrevealed main effects of both gender and adoptive status for

externalizing problems at the year 7 (overall F339: = 6.28, p < .01) and year 9

(overall F3332 = 8.02, p < .01) assessments, boys had higher externalizing scores

than girls, and adoptive children had higher scores than nonadoptive children. In

each case, however, the effects of adoptive status and gender were small; these main

effects accounted for 4%of the variance in externalizing problems at 7, and 7% of

the variance in externalizing problems at 9. No significant effects of gender and

adoptive status were found for internalizing problems at the year 7 and year 9

assessments.

Relations between first-grade stress and behavior problems

Child report of first-grade stress Table 11.2 presents both contemporaneous and

longitudinal correlations between the composite scores of first-grade stress based on

children’s self-reports, and behavior problems in school as reported by teachers.

In the nonadoptive sample,all first-grade stress measures correlated significantly

with both internalizing and externalizing problems, as assessed both contempor-

aneously and two years later. The adoptive sample showed a somewhat different

pattern, however. Although there were also contemporaneous relations between

first-grade stress and behavior problems, no significant longitudinal associations

were found.

Table 11.2 Contemporaneousand longitudinal correlations between child

report of first-grade stress, and behavior problems

  

Behavior problems Adoptive probands Nonadoptive probands

Total events Total rating Total events Total rating

Internalizing

Age 7 .08 .18* .18* 25**

Age 9 .03 05 .21* 33**

Externalizing

Age 7 .17* .16* .19* 33**

Age 9 .09 .06 .22* 40**

rhea

cee

*p < .05, **p < .01.

The next step was to determine the relation between first-grade stress and

behavior problems two years later after controlling for the initial level of behavior

problems assessed at the first-grade visit. Multiple regression models were fitted

(separately for internalizing and externalizing problems) in which behavior problems

at age 9 were predicted from (1) behavior problemsat age 7 and (2) total first-grade

upsettingness rating (since this variable was more strongly related to behavior

problemsthan the total number of events).

In the nonadoptive sample, a model predicting internalizing problemsat age 9 was

significant (F2127 = 14.79, p < 01) and explained 19%of the variance; both internal-

izing problems at age 7 (¢=3.59,p < 01) and total upsettingness (¢ = 3.38,



gitudinal correlations between parentalreportoffirst-grade stress, and behavior problems

Behavior problems Adoptive probands Nonadoptive probandsnee cerne
Total events Total rating Total events Total rating

Internalizing
Age 7 .20* .23** .12* .18*Age 9 .00 .09 .17* .18*Externalizing
Age 7 .22* 29** .19* 25**Age 9 .00 .16* .18* .22*ee

*p < .05, **p < 01.

In the nonadoptive sample, the correlations mirrored those found with child asrespondent, with the primary difference being that the correlations were lower whenparents provided information on the child’s stress. In the adoptive sample, parentalreport also yielded an overall pattern similar to the child report, although thecorrelations were higher when the parent was respondent. As wasthe case with thechild report, there was less evidence of longitudinal relations between first-gradeStress and behavior problemsat age 9, althoughthetotal upsettingness rating wassignificantly related to externalizing problems (see Table 11.3).
As with the child report of first-grade stress

alizing problems at age 9 (overall Fy 127 = 22.88
?

tingness did not significantly predict int
for internalizing problemsat7.

, Pp < .01). Parental rating of upset-
ernalizing problems at 9 after controlling
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Genes, environment, and first-grade stress and behavior problems

Table 11.4 presents correlations for the nonadoptive and adoptive sibling pairs in

the CAP for the total number of events and the total upsettingness rating (after

partialling out gender), for both child and parent report. The low correlations for

both nonadoptive and adoptive pairs suggest little influence of genes and shared

environmenton child reports of event occurrence andtotal upsettingness. There 1S

a suggestion of shared environmental effects on parental reports based on the

correlations for adoptive siblings (and the similar correlations for nonadoptive

siblings).

Table 11.4 Adoptive and nonadoptive sibling correlations

for first-grade stress and behavior problems

cn
Adoptive Nonadoptive

First-gradestress

Child report

Total events 06 05

Upsettingness .04 06

Parent report

Total events .29 .26

Upsettingness .26 20

Behavior problems

Internalizing

Age 7 .09 .04

Age 9 .26 37

Externalizing

Age 7 .00 17

Age 9 .05 48
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The multiple regression method developed by DeFries and Fulker (1985) was

used to estimate the effects of genes, shared environment, and nonshared environ-

ment; results are shown in Table 11.5. As expected based on the correlations shown

in Table 11.4, there were no significant effects of genes or shared environment on

three of the four measures of first-grade stress. Mostof the variance was due to

nonshared effects, or environmental factors which operate to make siblings different

(which also include error of measurement). The one exception was a significant

shared environmental effect for the parental rating of total number of events, as

shown in Table 11.5.

Table 11.4 also presents the adoptive and nonadoptive sibling correlations for

teacher ratings of internalizing and externalizing behavior problemsat 7 and 9. The

higher correlations for nonadoptive sibling pairs for externalizing problems at both

ages is suggestive of genetic influence. For internalizing problems, the correlations

suggest possible shared environmental effects at age 9.

Table 11.5 presents results of model-fitting using the multiple regression method.

Although the heritability estimate for externalizing problemsat age 9 is significant,



 

the estimate at age 7
significant.

is not. The shared-environment parameterat age 9 is also not

Table 11.5 Estimates of heritability and shared environment forfirst-grade stress and behavior problems

. oye
” eHeritability Shared environment

Stress

Child report
Total events .00 01
Upsettingness 04 .04

Parent report
Total events .00 .29*
Upsettingness .00 .26

Behavior problems
Internalizing
Age 7 .00 .09
Age 9 18 .26

Externalizing
Age 7 34 .00
Age 9 | .86* ) | 05°

   

*p < .05.

Discussion

Assessing the stress offirst grade

Oneinteresting finding from the CAP data set is that child and parent reports of
the stress of first grade correlate only moderately. This result is consistent with
recent research on childhood stress which has focused especially on the assessment
of majorlife events (e.g., Brown & Cowen, 1988; Colton, 1985; Compaset al., 1989;
Rende & Plomin, 1991; Sandler et al., 1986). As it is not possible to determine from
the present data which informantis better, the low correlations between child and

(Compas, 1987).

Relations between stress and behavior problems

There were contemporaneous correlations between measures offirst-grade stress
and behavior problems in school as reported by teachers. It is notable that these
relations were found across respondents, as one confound in earlier research on
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childhood stress was having one informant provide the information on both stress

and outcome (Compas, 1987; Johnson, 1986). Especially interesting was the finding

that the child’s self-report of first-grade stress was significantly correlated with

teacher report of behavior problems. Because theories of stress hypothesize that

stressful experiences should be linked with adverse outcomes such as behavior problems

in childhood (Compas, 1987; Johnson, 1986), this finding may be taken as an index of

the predictive validity of children’s self-reports of their experiences in first grade.

Both promising and confusing findings emerged from the assessment of longitudi-

nal relations between first-grade stress and behavior problems two yearslater. The

promising finding was that first-grade stress was not only significantly associated

with later externalizing and internalizing problems, but also made an independent

contribution to later behavior problems after partialling out of the earlier level of

problems at age 7. This finding is important because it suggests that first-grade

stress may have long-term consequences which are independentof “baseline” levels

of problem behavior. Such a finding carries many implications for developmental-

ists; most salient are the need to identify children who are reporting difficulties in

adjusting to first grade, and the hope of targeting interventions for these children

to prevent the developmentof later problemsin school.

The confusing finding was that the results discussed above apply only to the

nonadoptive sample. There was little evidence of longitudinal associations between

first-grade stress and behavior problems in the adoptive sample. Thebasis for this

discrepancy is not clear. No mean or variance differences were found for the

first-grade stress measures based on adoptive status. There were also only small

effects of adoptive status on behavior problems. Hence, there does not seem to be

any obvious reason why the predictive validity of the first-grade stress measure was

established only with the nonadoptive sample. Future studies assessing first-grade

stress and its consequences in other samples may more clearly establish the

predictive validity of the measures used in the CAP.

Genes, environment, andfirst-grade stress

The major finding from the sibling adoption componentto the CAP was that there

is little evidence for genetic influence on first-grade stress. This result is not

consistent with recent research on adults which has revealed genetic influence on

perceptionsoflife events (e.g., Plomin etal., 1990). However, to date there has been

virtually no research on genetic influences on stress in childhood, so the results from

the CAP should be interpreted as an initial study of genetic influence on childhood

stress. In addition, the results are consistent with the traditional view that some

forms of stress represent an environmental risk factor, and are not influenced by

genetic differences between individuals.

The most striking finding was that siblings — both adoptive and nonadoptive —

apparently had very different experiences in the first grade. The only finding that

poses an exception to this claim is the shared environmental influence detected for

parental report of the total number of events experienced. However, itis possible

that this finding reflects the effect of having a single rater — a parent — provide the



stress may represent an environmental risk factor for children, but a risk factorwhich is not commonto children growing up in the same family. It should be notedthat nonshared environmentincludes error of measurementalong with systematicdifferences between siblings. However, even in the nonadoptive sample — in which

externalizing, but not internalizing, problems, especially at age 9. The CAP willoffer a unique opportunity to track developmental changes in behavior problems

predisposition to externalizing problems and the environmental risk factor offirst-grade stress both contribute to problemsas rated by teachers. For internalizingproblems, it appears that genetic factors are not yet influential; however, given thatadolescence is the period of greatest risk for internalizing problems such asdepression, it may be premature to make definitive conclusions about the mostappropriate etiological model.

Appendix: Itemsrelating to first-grade stress

Academic concerns
School work too hard
Academic pressure
School work too easy

Peer relations

Picked on by bully
Teased/scared by older kids
Teased/scared by other first-graders
Unpopular with peers
Hard to makefriends
Popular with peers

Teacher relations
Not get along with teacher
Scolded by teacher
Teacher’s pet
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Parent relations

Upset by leaving parent

Doubled or more time from home

General hassles

Difficulties going to/from school

Accidents in lunch room

Lost or stolen property

Started wearing glasses



 

Lon R. Cardon

Although the primary focus of the Colorado Adoption Project (CAP) is on
traditional psychological concerns such as personality and cognitive functioning, the
project also obtains data on health-related measures. In particular, the CAP is the
only adoption study that has obtained longitudinal measurements of obesity-related
variables in childhood. Weight and height data have been collected at each
measurement occasion in the CAP. Such data facilitate analyses of genetic and
environmental influences on childhood fatness which may lead to the onsetof adult
obesity.

Height and Weight in Early Childhood

for infancy and early childhood (years 1 through 4; Plomin, DeFries, & Fulker,
1988). Comparisons of nonadoptive and adoptive sibling correlations indicate
substantial heritabilities for both height and weight (approximately .50-.80), with
negligible impact of the shared sibling environment. In addition, height and weight
measures appear quite stable throughout early childhood and to someextent into
adulthood; that is, age-to-age correlations for height and weight are substantial.
Comparisonsofcorrelations between nonadoptive and adoptive siblings and between
biological, adoptive, and nonadoptive parents and their respective offspring suggest
that the phenotypic stability for height and weight is mediated largely by genetic
factors. These results strongly indicate a genetic component to general body size
which has a pervasiveeffect throughoutearly childhood.



166 Height, Weight, and Obesity

166Height,Weight,and

Voy

Development of the Body Mass Index from Birth to Age 9

Recent research in the CAP has turned from height and weight as measures of

general body size to a related measure, the Body Mass Index (BMI). The BMI,

calculated as weight over height squared in the metric of kilograms and meters,1s

used as an index of body fat whichis largely independentofheight. It is essentially

equivalent to the deviation of the observed weight from that expected based upon

adiposity, or obesity.

Several family and twin studies of adult BMI have recently been reported, all

suggesting a strong hereditary component (Fabsitz, Carmelli, & Hewitt, 1992; Price,

Cadoret, & Stunkard 1987; Selby et al., 1990; Stunkard, Foch, & Hrubec, 1986;

Stunkard, Harris, Pedersen, & McClearn, 1990). There is also some evidence for a

genetic etiology of body fat and BMI during the teenage years (Brook, Huntley, &

Slack, 1975; Price et al., 1990), but little is known about the etiology and

development of BMI throughoutearly and middle childhood. In this chapter we

summarize results from several analyses of sibling and parent-offspring data aimed

at characterizing the pattern of influences for genetic and environmentaleffects on

the development of BMI from birth to 9 years.

Measures and Models

Height and weight measurements defining the BMIare obtained annually in the

CAPchildren from birth to age 9 with the single exception of age 8. At most ages

the children are measured in the homeorlaboratory, but measurementsat 5, 6, and

9 years of age are obtained by parental report. Assessments of adults were obtained

in the laboratory during the initial testing sessions. The numbersof siblings and

parents available at the time of analysis are presented in Table 12.1, where it may

be seen that data from nearly 100 nonadoptive and 100 adoptive sibling pairs are

available at the early years; however, the sample sizes diminish for middle childhood

because many of the younger siblings in the CAP sample have not yet reached the

later testing ages.

Mean BMIvalues for the CAP children at each age are presented in Figure 12.1.

Differences in means as a function of gender or adoption status are negligible and

non-significant at these ages. Descriptive statistics for height and weight in the

parents have been presented by Plomin and DeFries (1985); adult BMI statistics

may be found in Cardon and Fulker (in press).

Given the phenotypic stability of weight and height in childhood, the BMI would

be expected to reveal some consistency during this period of development. Pheno-

typic correlations of BMIfor ages 0 to 9 illustrate the expected continuity, as shown

in Table 12.2. We employ the simplex and common factor models described in

Chapter 3 to examine the genetic and environmental sources of this continuity in



 

Table 12.1 Body Mass Index: Sample sizes for children and parents
Age AC NC US _NS AM AF BM BF CM CF
Birth 239 221 92 74 231 227 232 48 |219
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Note: Parent Ns refer to number of parent—offspring measurements.
AC = adopted child; NC = nonadopted child; US = unrelated sibling; NS = natural sibling;AM = adoptive mother; AF = adoptive father; BM = biological mother; BF = biologicalfather; CM = control mother; CF = control father.
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siblings and to comparealternative mechanisms which mayfoster this developmentalstability. The common factor model includes a single set of genetic or environmentalinfluences which contribute to developmental patterns of consistently high or lowBMIobservations at all childhood ages. Deviations may occur, but they are notexpected to have anylasting effects on subsequent measurements. In contrast, thesimplex model incorporates direct transmission of genetic or environmental influences
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Figure 12.1 Body Mass
Colorado Adoption Projec

Index (BMI) meansfor adopted and nonadopted children in the
t. Symbols are as follows: Adopted male (©), nonadopted male (QD),adopted female (x), nonadopted female (+).
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from occasion to occasion. For BMI, such transmission implies that fatness

perturbationsat a specific age could have important consequences for obesity levels

later in life.

Table 12.2 Phenotypic correlations of Body Mass Index from birth to age 9

Age
Age

0 ] 2 3 4 5 6 7 9

Model-Fitting Results

Analyses of BMI in the CAP have examined both sibling relationships and parent

_offspring resemblances. The sibling analyses were directed toward evaluation of

genetic and environmental mediation of childhood continuity and change; the parent

-offspring analyses were intended to extend the childhood sibling assessments

through investigation of shared etiologies between childhood and adulthood. In the

sibling analysis, a series of model comparisons was undertaken to examine the

significance of genetic and environmental parameters in the common factor/simplex

hybrid model. Because of the ongoing collection of CAP data, many longitudinal

patterns of missing and non-missing sibling data are present; thus, we employed the

maximum-likelihood pedigree function described in Chapter 3 to take full advantage

of all non-missing data. Results of the full series of significance tests are reported

in Cardon and Fulker (in press).

Parameter estimates from the most parsimonious sibling model are shown in

Figure 12.2. The Pj, += 0,..., 9, variables represent observed BMIvalues and F¢;

and Fs, depict underlying genetic and specific, nonshared environmental factors at

each occasion. The diagram illustrates simplex regression estimates and time-

specific factor loadings with no genetic or environmental common factor. Environ-

mental effects are substantial at specific ages, but do not contribute to continuity in

BMI, as all observed BMI stability could be explained by genetic mediation.

Moreover, several estimates of the genetic transmission parameters are close to 1.0,

suggesting that genetic influences at several of the ages persist in entirety to

subsequent ages. The pattern is not completely static and unchanging, however, as

the persistent genetic effects are augmented by new genetic variation at each age.

Thus, the overall trend is one of cumulative genetic influence throughout early and

middle childhood.
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Figure 12.2 Final developmental model of body fat in siblings. Body Mass Index measurements

are shown as phenotypes P, with genetic F¢ and within-family environmental (F's) influences.

Genetic correlations among the different ages, presented in Table 12.3, further

illustrate the continuity of BMI during this developmental period. It is interesting

that the persistent pattern does not beginat birth, but at age 1. Genetic influences

on BMIatbirth, although substantial in magnitude, do not show continuity with

the later ages. This remarkable transition during the first year of age suggests that

an important developmental genetic mechanism fosters BMIstability from infancy

to middle childhood.

Table 12.3 Genetic correlations and variance components for Body Mass

Index from birth to age 9

Age Age

0 1 2 3 4 5 6 7 9

0 1.00

1 20 ~=—-1.00

2 19 95 1.00

3 17 83 88 1.00

4 16 78 .82 94 =1.00

5 14 .68 72 82 87. 1.00

6 13 .64 .68 77 82 94 §=1.00

7 Al 53 56 .64 .68 78 83

=

-:1.00

9 .08 .38 .40 46 49 .56 59 71

~~

1.00

.88 43 53 .64 2 32 .39 58 1.00

12 7 47 .36 48 .68 61 42 .00
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The parent-offspring design of the CAP was used to assess genetic and environ-

mental BMIstability from infancy to adulthood. The model selected for analysis
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was developed by Fulker, DeFries, and Plomin (1988) and is discussed in Chapter
3. As in the analysis of sibling data, a series of model comparisons was undertaken
to assess the significance of parameters. Selective placement and cultural trans-
mission for body fat were shown to be non-significant, and no differences were
apparent between assortative mating parameters for biological and adoptive parents.

Estimates of the parent—offspring heritabilities (42), and assortative mating
(p = 4) parameters are presented in Table 12.4. Heritability estimates indicate little
shared genetic resemblance between parents and their offspring during infancy, but
increased resemblance during early and middle childhood. From 3 to 9 years ofage,
the heritability estimates stabilize somewhat and are similar to those obtained from
the sibling analysis.

Table 12.4 Genetic parameter estimates from reduced model of
parent—offspring resemblance

_

eee
Parameter Age

0 I 2 3 4 3 6 7 9eee
hbo 09 01 09) «37° 52) 38553857

p=4 14 12.160 1312s s13 38ee

SO

As discussed in Chapter 2, h? estimates obtained from evaluation of parents
measured asadults andtheir offspring tested as children actually reflect the product
of childhood (hc) and adult (h4) genetic effects and the genetic correlation be-
tween them (7¢). If we assumean estimate of adult heritability of 0.60 as indicated
by twin and family studies (Price et al., 1987) and use the sibling estimates of
child heritabilities, the genetic correlation at each age may be calculated as
1g = hgo/N.60h8. Resulting estimates of these genetic correlations are .11, .02, .14,
52, .81, .75, .99, .56, and .64 between each of the childhood ages (0-9) and
adulthood. The moderate to high correlations at age 3 (.52) andlater clearly suggest
substantial genetic continuity from early and middle childhood to adulthood.

Adiposity Rebound

From an epidemiological perspective, the observed continuity between early child-
hood and adult BMI suggests an important role for early prediction of obesity or
obesity correlates. Diet and exercise are often considered to be paramountin this
regard, but predictive utility has also been shown with the growth trend in the BMI
itself. Rolland-Cachera et al. (1984, 1987, 1991) have used the term “adiposity
rebound”to refer to the onset of a rapid growth in body fat that occurs at about 6
years of age. Adiposity rebound is based on the normal childhood development of
adipose tissue: rapid increase in adiposity and adipocyte growth duringthefirst year
of life, followed by gradual decrement of adiposity and a pattern of height increase
rather than weight growth until about age 6, with additional increases in adiposity
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eventually leading to adult levels (Knittle, Timmers, Ginsberg-Fellner, Brown &
Katz, 1979; Tanner, Hughes, & Whitehouse, 1981). The growth trend may be
observed in the CAP BMI meansin Figure 12.1, which illustrate the decreasing,
then increasing trend between ages 2 and 9. For an individual, the point of change
between decreasing and increasing adiposity is his/her adiposity rebound.
The predictive function of adiposity rebound lies in the age at which the rebound

phenomenon is experienced. A classification of three groups has been suggested
(Rolland-Cachera et al., 1984): advanced or early rebound which occurs before age
5.5, average rebound occurring between ages 5.5 and 6.5, and late rebound occurring
after age 6.5. Individuals who experience early rebound have been shownto beat
greater risk for adult obesity than those in the average or late categories (Rolland-
Cachera et al., 1984, 1987).

The standard method of determining the age of adiposity rebound for a child is
to examine the BMI values at different ages and choose the minimum point as the
rebound age. However, fluctuations in the BMIpatterns are commonplace, leading
to difficulties in determination of the minimum point. Cardon, DeFries, and Fulker
(1993) have developed an objective procedure for rebound age assignment based on
the regression equation

BMI, = 0, + Bi,Age; + B.,Age; (1)

where BMI; represents the BMI scores from individual 7 over time, and Age; are

the corresponding ages for the BMI values. The minimum, or rebound age, for each

oBMI
 individual is then the point at which the differential equation SA equals 0.0.

ge

Solving this equation for Age yields the following objective measure:

Rebound age = — 1/2 Bi (2)
Bo

Figure 12.3 illustrates mean BMIvalues for the CAP sample as grouped into the

three adiposity rebound categories after objective determination of rebound age.

The meansillustrate large differences among groups, particularly between the

advanced age group and the other groups. This trend is fully consistent with the

previous finding indicating greater risk for later obesity by advanced rebound

individuals.

An important question relating to the adiposity rebound prediction is whether the

rebound age is influenced by heritable effects as is the BMI. Results from

application of the DF model (see Chapter 3) indicate only a modestheritability, .26,

and negligible c? effects, —.06. Thus, unique environmental influences are apparent-

ly highly important in determining the timing of changes in body fat growth during

middle childhood. The predictive nature of this measure suggests that the frequent-

ly noted factors of diet and activity (Selby et al., 1990) may warrantclose attention

in young children. These results support the hypothesis that the propensity toward

advanced reboundis genetically transmitted, but the actual occurrence is environ-

mentally mediated (Rolland-Cachera et al., 1987).
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Figure 12.3  Adiposity rebound in the Colorado Adoption Project. Body Mass Index

(BMI) meansare plotted for three categories of adiposity rebound: early (©), average (+),

and late (LJ).

Conclusions

The CAPis an important source of information for behavioral health and anthro-
pometry, as well as the more traditional psychological measures. The longitudinal
aspect of the project provides a unique data set for evaluation of the development
and etiology of body fat from infancy through middle childhood. Results from
sibling and parent—offspring analyses of the Body Mass Index suggest a strong and
pervasive role of genetic influences from early childhood and perhaps into adult-
hood. Additional analysis of the adiposity rebound, focused more specifically on
obesity rather than general body fat, replicate findings from other longitudinal
studies and provide the first evidence regarding the heritable nature of this
predictive event. Additional longitudinal data from the CAP children should further
elucidate the timing and etiology of the onset and maintenanceof adult obesity.



13. Motor Development

 

Keith E. Whitfield
Stacey S. Cherny

Although motor development was of central concern to developmentalists in the
1920s and 1930s (see review by Dewey, 1935), interest dwindled in the 1950s and
1960s. The early work was largely descriptive and normative, that is, describing
species-wide motor milestones as a function of age. It was assumed that motor
developmentis largely biologically driven, an assumption embodiedin the influen-
tial maturational theory of Arnold Gesell (1954). Individual variations on these

normative themes emanated from this work and led to tests of motor development
by Gesell, whose work was systematized in the widely used Motor Scale of the

Bayley Scales of Infant Development (Bayley, 1969). It was assumed that, like

species-wide developmental milestones, individual differences in rates of motor

developmentare also biological in origin. This view clashed with the widespread

environmentalism following the Second World War and may have contributed to

the decline in interest in motor development.

One purpose of the present chapter is to examine the genetic and environmental

origins of individual differences in motor development during infancy and early

childhood. There is surprisingly little genetic research on individual differences in

rates of motor development. The only report of which we are aware is from the

Louisville Twin Study (Wilson & Harpring, 1972), in which at 6, 9, 12, and 18

months, the average identical and fraternal twin correlations for motor development

were ./9 and .69, respectively. Contrary to the widespread assumption that

individual differences in motor development are highly heritable, these results

suggest only slight genetic influence and an overwhelming importance of shared

environmental effects.

A sibling study of children from ages 6 through 12 years that included measures
of static strength and gross motor ability reported that 22 to 58% of the variance

in performance was attributable to genetic variation (Malina & Mueller, 1981).

However, because sibling studies without adoptees or twins cannot disentangle
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genetic from possible shared environmental effects, the results of that study should

be interpreted only as evidence for familiality, i.e., genetic and/or shared environ-

mental variance.

In a preliminary report from the Colorado Adoption Project (CAP), parent—
offspring analyses also yielded little evidence of genetic influence when parental

athletic competence was compared with infant motor development (Plomin &

DeFries, 1985). Although results of analyses comparing nonadoptive and adoptive

sibling pairs suggested genetic influence at 1 year of age, little genetic influence was

found at 2 years (Plomin, DeFries, & Fulker, 1988).

A major objective of this chapter is to present results from a multivariate analysis

of motor development, employing the CAP sibling adoption design at 1, 2, 3, and

7 years of age. The longitudinal nature of the CAP permits analyses of age-to-age

change and continuity, in addition to analyses of the genetic and environmental

etiologies of individual differences in motor ability at each of those ages.

Another objective of this chapter relates to renewed interest in motor develop-

ment as viewed from process-oriented perspectives such as information-processing

and dynamical systems approaches(e.g., Keogh, 1977; Payne & Isaacs, 1991). Links

between motor development and mental development in infants have been frequent-

ly noted. For example, in the CAP, the Bayley Psychomotor Development Index

(PDI) correlates .40 at 1 year of age with the Bayley Mental Development

Index (MDI). The correlation between the PDI and MDI drops to .26 at 2 years.

This developmental change in the relationship between mental and motor develop-

mentis particularly interesting in light of the tentative CAP finding that genetic

influence on motorability is greater at 1 year than at 2 years. To what extent do
the same genetic and environmental factors influence the expression of these two
domains? The CAP design and data permit multivariate genetic analyses of motor
and mental development to address this issue. Earlier analyses of this issue
suggested that genetic influence on motor development at 1 year overlaps substan-
tially with genetic influence on mental development (Plominet al., 1988). By 2 years
of age, however, mental development and motor development appear to be largely
independentgenetically.

In summary, the present chapter will address three major issues pertaining to
motor development: (1) the extent to which genetic and environmental influences
contribute to individual differences in motor development; (2) the extent to which
these influences contribute to change and continuity from infancy to middle
childhood; and (3) the nature of the relationship between mental and motor
development. These issues will be addressed by subjecting data from CAP adoptive
and nonadoptive sibling pairs to structural equation model-fitting analyses.

Method

Motor development was measured at | and 2 years of age using the Motor Scale of
the Bayley Scales of Infant Development (Bayley, 1969). At age 3 years, an
extension of this measure was used, which was designedto assess both fine and gross
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motorability. The fine motor scale consisted of four tasks: (1) drawing, (2) stacking
blocks, (3) stringing beads, and (4) throwing and catching. The gross motorscale
also consisted of four tasks: (1) kicking a ball, (2) jumps, (3) leg coordination, and
(4) balance beam.

Motorability at 7 years of age was measured using the Bruininks-Oseretsky Test
of Motor Proficiency (BRO) (Bruininks, 1978). The BROis scaled to measure motor
development from 4 1/2 to 14 1/2 years of age. The short form of the test was
employed, which took 15 to 20 minutes to administer. This version provides a single
gross motor-ability score based upontester ratings of 14 items.
A factor analysis of the five measures of motor ability was conducted to evaluate

whether these measures represent a single underlying construct. Two factors were
indicated, based on both an inspection of the scree plot of the eigenvalues and the
fact that only two eigenvalues were greater than unity. The factor pattern matrix
obtained following oblique rotation is presented in Table 13.1. Clearly, the fine
motor measure given at age 3 is not strongly related to the other four measures.
Consequently, that fine motor skill measure was omitted from subsequentanalyses.

Table 13.1 Factor pattern matrix for measures
of motorability

 

Measure Age Factor 1 Factor 2

Bayley l 41

Bayley 2 .62

Fine 3 34

Gross 3 .56

Bruininks 7 55

Note: Values less than .30 have been omitted for clarity.

Theintellectual measures included the Mental Scale from the Bayley (1969) at 1

and 2 years of age, the Stanford-Binet (Terman & Merrill, 1973) at 3 years of age,

and the Wechsler Intelligence Scale for Children—Revised (Wechsler, 1974) at 7

years of age.

Results

Descriptive statistics

In Table 13.2, means of the motor measures, standard deviations, and sample sizes,

by sex and adoptive status, are presented for ages 1, 2, 3, and 7 years. A 2 x 2 x 4

MANOVA, with sex and adoptive status (adopted proband versus nonadopted

proband) as between-subjects factors and age as a within-subjects factor, was

performed. Of the between-subjects effects, only adoptive status was significant

(F303 = 13.07, p < .001). However, adoptive status accounted for less than 5%of

the total variance. The main effect of age was also significant, but should not be

interpreted since different scales are used at different ages. The status-by-age



Table 13.2 Meansand standard deviations for motor measures from ages | through 7 years

  

Adopted probands Unrelated sibs Nonadopted probands Biological sibs

Measure Age Mean SD N Mean SD N Mean SD N Mean SD N

Males

Bayley 1 91.40 15.59 130 93.13 14.96 46 95.90 14.04 133 93.33 16.34 58

Bayley 2 99.37. 13.32 109 105.05 12.22 41 103.54 13.69 115 108.78 15.28 45

Gross 3 — 1.00 3.17 99 0.58 2.56 31 0.66 2.96 95 1.31 3.12 44

Bruininks 7 59.50 9.31 103 64.38 7.30 29 62.91 8.64 116 64.82 888 44

Females

Bayley l 95.13 14.12 111 91.38 18.22 45 94.24 14.05 113 95.26 15.48 43

Bayley 2 99.12 12.11 99 103.53 11.91 45 104.10 12.95 105 109.73 17.38 41

Gross 3 0.27 3.11 84 0.51 2.70 46 0.56 2.94 94 2.03 2.85 39

Bruininks 7 60.08 9.04 91 60.80 11.16 35 60.40 9.23 99 61.00 8.96 26
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interaction was also significant (F330 = 3.10, p < .05), but, again, the proportion of
variance that this effect explains is very small. Since these significant effects account
for only a very small proportion of the variance, they are unlikely to have any
substantial effect on second-degree statistics such as correlations and covariances,
upon which our subsequent model-fitting procedures are based.

Longitudinalcorrelations at 1, 2, 3, and 7 years of age are shown in Table 13.3.
From these correlations, there appears to be modest stability from infancy to middle
childhood in motor development.

Table 13.3 Phenotypic correlation matrix
among motor measures

  

Age 1 2 3 7
1 229.26 594 523 532
2 35 188.57 506 490
3 28 37 9.59 444
7 19 27 24 85.19

 

Note: rs below diagonal, Ns above diagonal, and
variances on diagonal. p < .01 forall rs.

Nonadoptive and adoptive sibling correlations are presented in Table 13.4. The
larger nonadoptive than adoptive sibling correlations at 1 and 2 years of age suggest
some genetic influence. The correlations for years 3 and 7 suggest some shared
environmental variance and little or no genetic variance.

Table 13.4 Sibling correlations for

motor measures

Age Adoptive Nonadoptive

r N r N

] 07 88 .38** 101

2 — .09 76 .26* 80

3 .28* 66 11 77

7 25 61 .27* 68

*») < 05, **p < 01.

Model-fitting analyses

Analysisofmotor measures In order to estimate genetic, shared environmental, and

unique environmental components of variance and covariance from these data, and to

allow for specific tests of those components, model-fitting analyses were performed.

A full-rank Cholesky decomposition model was fitted to the data at the four ages

(1, 2, 3, and 7) using a maximum-likelihood pedigree approach. The data were

standardized across individuals, within each age, before analysis. This standard-

ization effectively eliminates variance differences across ages, which are mostlikely

a result of using different tests at different ages, while preserving adoptive versus
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control and sibling variance differences. The model-fitting procedures are described

in detail in Chapter 3.

Estimates of #?, c? and e’, obtained from fitting this full model, are presented along

the diagonals in Tables 13.5, 13.6, and 13.7, respectively. None of the genetic or

shared environmental variance componentswasstatistically significant, although the

h? estimates are substantial at both 1 and 2 years of age. At years 3 and 4, there 1s

some shared environmental variance and little genetic variance. Finally, although

neither the overall test of genetic nor shared environmental variance wasstatistically

significant, a combined test of the two components was (X39 = 37.43, p < .02),

indicating that familial resemblance for motor ability is significant at these ages.

Table 13.5 Genetic correlations for

motor measures

Age Age

] 2 3 7

] 55
2 77 28

3 95 92 .09

7 —.08 .08 —.09 14

Note: h’s appear on the diagonal.

Table 13.6 Shared environmental

correlations for motor measures

Age Age

] 2 3 7

] .06
2 48 .06
3 —.18 18 18
7 61 99 .67 22

 

Note: c’s appear on the diagonal.

Table 13.7 Unique environmental
correlations for motor measures

 

Age Age

1 2 3 7

1 .38
2 02 .66
3 14 14 73
7 27 18 12 .64

 

Note: e’s appear on the diagonal.

The genetic correlation matrix among these measuresis presented in Table 13.5.
Genetic correlations among the motor measuresat 1, 2, and 3 years of age are high,
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but those with the measure at 7 years are low. All but one of the shared
environmental correlations are relatively high, suggesting that shared environmental
influences on motor ability persist over time (see Table 13.6). Finally, the unique
environmental correlations among the four agesare all relatively small, indicating
that unique environmental influences are only transient (see Table 13.7).

Covariance between mental and motor ability In order to investigate the relationship
between motor and mental ability, a Cholesky decomposition was fitted to motor
ability at age 1 and IQ at ages 1, 2, 3, and 7 years. Only motor ability at age 1 was
included because results of previous CAP analyses suggested that motor and mental
development are highly correlated genetically at only 1 year of age (Plomin et al.,
1988). For this Cholesky model, the motor ability measure was entered first,
followed by the four IQ measures. This allows parameter estimates for the
relationship between motorability at year 1 and IQ at each of the four ages. Tests
of the various components of the full model were performed to determine which
parameters are essential for explaining these data and to arrive at the most
parsimonious model (see Table 13.8).

Table 13.8 Model comparisons for covariance between mental and motor ability

  

Model Form -LL} NPAR® yy? af p

] Full model 1232.287 45
2 Model 1, drop unique environmental 1236.513 35 8.452 10 >.50

covariances

3 Model 2, drop shared environmental 1245.212 20 17.398 15 >.25
parameters

4 Model 3, drop genetic motor-mental 1314.333 16 138.242 4 <.001
covariances

 

* Log-likelihood of the data (without the addition of the constant).

> Numberoffree parameters.

First, results of a test of the unique environmental covariances indicated that the

environmental influences specific to the individual are not responsible for the
relationships between motorability and mental ability, or those among mentalability

measures across time (Model 2). Next, the shared environmental parameters could

also be dropped from the model without a significant change in model fit (Model
3). Finally, the loadings of the first genetic factor (motor at 1 year of age) on IQat
the four time points were dropped as an overall test of the genetic covariance
between motor ability at 1 year and IQ at 1, 2, 3, and 7 years of age. This resulted
in a highly significant change in modelfit (p < .001), suggesting significant genetic
covariance between motor development at age 1 and mental ability (Model 4).
The final model of the relationship between motorability at age 1 and IQat ages

1, 2, 3, and 7 is presented in Figure 13.1. All loadings are standardized to a
phenotypic variance of unity. There is clearly a strong genetic correlation between
motor ability at 1 year of age and IQ during infancy, but this relationship does not
persist into middle childhood.
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Figure 13.1 Genetic (G) and unique environmental (£) influences on motor ability at age |

and IQ at ages 1, 2, 3, and 7.

Discussion

Although caution is warranted because so little is known about the etiology of

individual differences in motor development, the results are intriguing in that they

are counterintuitive. Motor development scores show considerable genetic influence

at age 1, declining influence at age 2, and negligible genetic influence at ages 3 and

7. In contrast, shared environmental effects show increasing influence from infancy

to middle childhood, although shared environmental influenceslater in development

covary with shared environmental influences in infancy.

The puzzling finding that the greatest genetic influence in motor developmentis

at age | is elucidated by the multivariate analysis which indicates that this genetic

influence is somewhat due to an overlap with mental developmentscores. Results

of unpublished analyses suggest that genetic correlations between mental and motor
development drop sharply at age 2 and remain low at ages 3 and 7.
That individual differences in motor development showlittle genetic influence at

later ages may also seem somewhat counterintuitive in that common wisdom
suggests that motor development should be heritable. Such intuitions are a poor

guide to the realities of genetic influence. It should be pointed out that these results

do not contradict those from the sibling analysis in middle childhood of Malina and

Mueller (1981). Although their sibling correlations provide evidence for the

familiality of motor development, the results of the present analysis indicate that

this familial resemblance is largely due to shared environmental influences.
In conclusion, this first genetic analysis of individual differences in motor

development from infancy to middle childhood suggests that there may be some

surprising discoveries when this uncharted territory is further explored.
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Questions about nature and nurture have dominated gender research in the social

sciences. The social and biological bases of differences between males and females,

as well as the extent to which within-sex variation may be differentially affected by

heredity and environment, continue to be important questions considered by gender

researchers. Yet, by and large, these questions have rarely been addressed within a

behavioral genetic framework. Instead, studies of biological and social processes

related to gender have employed methods requiring strong assumptions, which are

rarely tested formally. For example, environment—behavior relationships have

traditionally been inferred on the basis of mother—child interactions, in spite of the

known genetic confound which exists in suchrelationships.

In this chapter we examine several questions of importance in the study of sex

differences in cognitive abilities.* The primary focus is on whetheror not males and

* The term “sex differences” is employed throughout this chapter in reference to any differences, real or

hypothesized, which may exist between males and females for whatever reasons,social or biological. Since

our objective is to comparethe relative effects of both biological and cultural transmission for males and

females, we have opted not to use the currently popular term “gender” here, as it often implies that

culture is the primary source of differences between the sexes (see Jacklin, 1992).
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females are differentially affected by heredity and environment. We address this

question in two different ways,first via the analysis of parent—offspring resemblance

using model-fitting, and second by examiningrelationships amongcognitive abilities

and measures of the child’s home environment. In the model-fitting analyses of

parent—offspring resemblance, we also consider sex differences in parental influ-

ences, that is, whether or not maternal and paternal effects on children’s cognitive

abilities are comparable.

Wefirst review previous research which has investigated differences in hereditary
and environmental influences for boys and girls. For the most part, this research
has focused on relationships among cognitive abilities and measures of the home
environment, based primarily on mother-child dyads from intact nuclear families.
While a few investigators have examined gender differences in heritability in studies
of personality variables (Eaves, Eysenck, & Martin, 1989), criminal behavior (Baker,
Moffitt, Mack, & Mednick, 1989), and educational attainment (Heath et al., 1985),
there have been very few systematic studies of whether or not relative genetic
variability (1.e., heritability) differs between the sexes within the cognitive domain.
Thus, our analyses provide one of the first comprehensive examinations of sex
differences in heritability in cognitive development.

Several longitudinal studies in child development have reported differential
responses by boys andgirls to the early environment and suggested that boys are
more susceptible to early environmental influences. In the Berkeley Growth
Study, Bayley and Shaefer (1964) found relationships between maternal beha-
viors and children’s intellectual outcomes to be stronger for boys than for girls.
Moreover, Bayley and Schaefer suggested a “genetic sex difference in resistance to
or resilience in recovery from environmental influences” and stated that “such a
sex difference would be in accord with a numberof observed physical sex differ-
ences.” Further support of differential responses of girls and boys to aspects of the
early environment came from Bradley and Caldwell (1980) who reported stronger
relationships for boys than for girls between early availability of appropriate
toys and materials and later cognitive abilities. In a study of the relationship
between “inanimate stimulation” in infancy and later cognitive development,
Wachs (1979) reported consistently stronger relationships for boys than for
girls. Wachs has termed suchassociations the “gender specificity” of environment—
outcomerelationships. Of the differences found by Bee, Mitchell, Barnard, Eyres,
and Hammond (1984), stronger predictions for boys of IQ or language skill were
reported from measures of the mother’s developmental expectations, the extent of
the father’s involvement in the infant’s early care, the provision of appropriate play
materials, and the extent of parental life change. For girls, however, stronger
predictions of IQ or language skill were found for a measure ofrestriction and
punishment.

Several studies on the relationship between environmental quality and children’s
language competence have shown sex differences in favor of girls. For example,
Elardo, Bradley, and Caldwell (1977) found aspects of the home environmentto be
more “frequently and strongly related to aspects of language performance for
females than for males.” Similarly, Moore (1968) found vocabulary scores to be
more highly correlated with home environmentfor girls than for boys.
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A critical problem in the interpretations drawn from these studies of “environ-
mental” influences is that the confound of genetic influences has been ignored.
Nearly all of the studies that have examined the impact of early home environment
on cognitive development have used intact nuclear families. Unfortunately, in such
families, factors that appear to be environmental in nature may be associated with
heritable parental characteristics and therefore be transmitted genetically to the

child. For example, it is likely that associations between maternal responsivity and
the child’s cognitive ability are partly due to genetic influences. That is, mothers
who are more responsive to their child may also be more “intelligent,” and thus

contribute genes which influence greater cognitive developmentin the child. Hence,

the hypothesis that boys are more influenced than girls by the early environment

(or that girls are more influenced genetically) cannot be adequately tested by

examining families where parents and their children are genetically related.

It is acknowledged that the adoption method is the most powerful behavioral genetic

method for separating genetic from environmentalinfluences. In their report of the

Colorado Adoption Project derived from analyses conducted on infants at 1 and 2
years of age, Plomin and DeFries (1985) examined sex differences utilizing univariate

and bivariate analyses and found little support for the hypothesis that boys are more

susceptible to environmental influences and girls are more influenced genetically.
In the present chapter, we will extend the investigation of Plomin and DeFries

(1985) on the issue of differential responses of girls and boys to genetic and

environmental influences to: (1) developmental measures examinedlater, at 3, 4, and

7 years of age, (2) the application of multivariate methods of data analysis in

examining sex differences and environment—behavior relationships, and (3) the

utilization of model-fitting procedures in examining parent—offspring resemblance.

Method

Subjects

Analyses presented in this chapter are based on data available for adopted and

nonadopted control children’s cognitive abilities measured at 1, 2, 3, 4, and 7 years

of age, as well as cognitive abilities in the biological, adoptive, and control parents

of these children. For model-fitting analyses of parent-child resemblance for general

cognitive ability, data were available for at least one family member from 131

families of adopted boys, 132 families of control boys, 114 families of adopted girls,

and 113 families of control girls. Multivariate analyses of the specific cognitive

abilities in the children (see preliminary analyses to model-fitting described below)

were based on the following numbers: year 3, 112 adopted boys, 91 adoptedgirls,

112 control boys, 101 control girls; year 4, 109 adopted boys, 87 adopted girls, 113

control boys, 100 control girls; and year 7, 108 adopted boys, 92 adopted girls,

114 control boys, 101 control girls. Data from a subset of these children (75 adopted

boys, 64 adopted girls, 89 control boys, 79 control girls) at all ages were also

subjected to multivariate analyses of variance.
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Measures

Both global and specific measures of cognitive abilities were examined at each age.

Global measures for the children at various ages were the Bayley Mental Index at
1 and 2 yearsof age, andthefirst principal component from a test battery of specific
cognitive abilities at ages 3, 4, and 7 years. Correspondingly, the first principal
component from a battery of 13 tests of specific cognitive abilities (corrected for sex
and age effects) was used as an indicator of global ability in the biological and adoptive
parents (DeFries, Plomin, Vandenberg, & Kuse, 1981). Global ability measures were
examined at all five ages in all types of analyses, including mean differences,
model-fitting of parent-child resemblance, and environment—behaviorrelationships.

Specific abilities examined at each age were based upon subscales derived from
factor analyses of the Bayley Mental items at year 1 (Means—End, Imitation, Verbal
Skill) and at year 2 (Lexical, Spatial, Verbal-Symbolic), and factor scores from the
cognitive abilities test batteries at years 3, 4, and 7 (Verbal, Spatial, Perceptual
Speed, Memory) (Plomin & DeFries, 1985; Singer, Corley, Guiffrida, & Plomin,
1984). Mean differences between girls and boys were examined for specific abilities
at all five ages, as were sex differences in environment—behavior relationships.
However, model-fitting analyses of parent—offspring resemblance were applied only
to years 3, 4, and 7 where comparable measures of verbal and spatial abilities, memory,
and perceptual speed were available in both parent and child generations. Due to
the obvious diversity of constructs betweenspecific abilities for adults and children
at ages | and 2 years, model-fitting analyses were not performed at these ages.
Environmental measures were based upon the Caldwell Home Observation for

the Measurement of the Environment (HOME: Caldwell & Bradley, 1978),
measured during homevisits at ages 1, 2, 3, and 4 years. Both global scores and
subscales were examinedin our analyses. Global measures of the early environment
were based onfirst principal componentscores of quantitatively scored items in the
HOMEinventory (Plomin, DeFries, & Fulker, 1988). Subscales of the HOMEat
each year of age have been previously derived through factor analyses (Plomin et
al., 1988). For years 1 and 2 these subscales were: Toys, Maternal Involvement,
Encouraging Developmental Advancement, and Restriction—Punishment. Subscales
of the HOMEat year 3 are similar to those obtained in infancy, except that a
Restriction—Punishmentfactor did not emerge in the analyses. At year 4, only two
factors emerged: Toys and Maternal Involvement.

Results

Mean differences

Recognizing the intercorrelations among the various longitudinal measures of
cognitive development and among the environmental measures, multivariate ana-
lyses of variance (MANOVA)procedures were conducted to assess mean differences
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between girls and boys. Separate MANOVAs were conducted for adopted and
control children in order to check for consistency of results across the two samples.

Adheringto the protection-levels approach recommendedbyCliff (1987), univariate
analyses of specific subscales were only conducted following a significant omnibus

test (1.e., the multivariate F ratio), in order to maintain @ = .05 in our analyses of

mean differences. (Note that comparisons of adopted and control children were also

made, both with respect to means, variances, and correlations among cognitive

measures. These are described later as preliminary analyses to model-fitting

procedures.)

Cognitive measures ‘Tables 14.1 and 14.2 present descriptive statistics with respect

to global cognitive measures for adopted and nonadopted children respectively.

Multivariate analyses of variance yielded no significant differences between girls and
boys on these measures for either adopted or control children. However, when
MANOVAanalyses were conducted for specific cognitive measures, a few signific-

ant sex differences were found for both adopted and control samples. Tables 14.3
and 14.4 present descriptive statistics for the specific cognitive measures andresults

of subsequent univariate analyses. It should be noted that while only the sex

difference in Verbal—Symbolic ability at year 2 replicated across adopted and control

samples, mean differences for three of the four variables with significant sex

differences in either sample were consistently in the same direction for both

samples. However, the sex effect explains little of the variance (ranging from

3.0 to 9.45% of the variance) in the variables with significant differences between

girls and boys.

Table 14.1 Means and standard deviations for

global cognitive measures for adopted probands

 

Age Boys Girls

Mean SD Mean SD

I 106.91 11.27 107.38 11.49

2 106.84 14.95 109.30 13.44

3 07 .98 —.01 83

4 —.07 1.06 05 82

7 —.14 97 —.27 .90

 

Note: Multivariate test yielded no sex difference (F513; =

.73, p > .05); N = 75 boys and 64 girls.

Table 14.2 Meansand standard deviations for

global cognitive measures for nonadopted probands

 

Age Boys Girls

Mean SD Mean SD

1 110.79 12.64 109.63 12.28

2 108.36 16.29 112.09 15.43

3 ll 1.09 29 99
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Table 14.2 (Cont.) —

Age Boys Girls

Mean SD Mean SD

4-0LI2 27103°
7 16 104 10 1.08
Note: Multivariate test yielded no significant sex difference

(Fs162 = 1.68, p > .05); N = 89 boys and 79 girls.

Table 14.3 Means and standard deviations for measures of

specific cognitive abilities of adopted probands

Cognitive variables Boys Girls

Mean SD Mean SD

Year |

Means-—End 1.87 1.11 1.83 1.09

Imitation* 2.24 1.71 1.71 1.26

Verbal Skill 1.55 1.12 1.81 1.22

Year 2

Lexical 8.36 3.34 8.92 2.66
Spatial 1.12 1.97 81 2.09
Verbal-Symbolic* 7.94 1.68 8.54 1.45
Imitation 2.58 1.03 2.51 1.24

Year 3

Verbal 17 71 —.05 .69
Spatial 10 84 O01 71
Perceptual Speed .06 15 .06 67
Memory —.02 .96 .00 .94

Year 4

Verbal 01 .69 .08 62
Spatial 5 99 —.12 13
Perceptual Speed* —.17 95 19 87
Memory .06 .93 -.1] 94

Year 7

Verbal —.01 83 —.24 81
Spatial —.06 87 —.08 .60
Perceptual Speed 01 .83 —.17 84
Memory —.04 91 ~.14 .98
ne

Note: Multivariate test by sex yielded a significant sex difference
(Fio1 10 = 2.03, Pp < .05); N = 67 boys and 63 girls.

*Indicates a significant sex difference for univariate test (p< .05)

Environmental measures Tables 14.5 and 14.6 present descriptive statistics for
HOME scales for adoptive and control families. MANOVA analyses yielded
significant sex differences with respect to the quantitatively scored HOMEfactors
for only adoptive families. Subsequent univariate tests yielded differences for 3 of
the 13 scores (Developmental Advancement at year 1, Maternal Involvementat
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year 2 and Responsivity of Mother at year 3). Because these differences were not
replicated in non-adoptive families, they may, in fact, be spurious.

Table 14.4 Means and standard deviations for measures of
specific cognitive abilities of nonadopted probands

 

Cognitive variables Boys

Mean SD

Year |

Means-End 2.05 1.28

Imitation 2.64 1.82

Verbal Skill* 1.58 1.09

Year 2

Lexical 8.56 3.13

Spatial 1.03 1.95

Verbal-Symbolic* 7.93 1.83

Imitation 2.50 1.24

Year 3

Verbal 11 19

Spatial 12 713

Perceptual Speed 05 80

Memory 36 1.06

Year 4

Verbal 06 .63

Spatial ms .89

Perceptual Speed —.21 93

Memory* —.10 83

Year 7

Verbal 12 92

Spatial 23 87

Perceptual Speed 07 .86

Memory 08 719

Mean

1.73

2.21

2.03

9.26

1.17

8.50

2.56

24

23

13

23

18

-.01

.08

41

17

18

-.01

.O1

Girls

SD

1.19

1.69

1.02

2.37

2.10

1.43

1.06

81

84

15

1.02

71

16

92

.90

18

82

97

.90

Note: Multivariate test by sex yielded a significant sex difference

(Fi9.130 = 2.18, p < .05); N = 80 boys and 70 girls.

*Indicates a significant sex difference for univariate test (p < .05).

Table 14.5 Means and standard deviations for Caldwell HOMEscales

for adoptive families

 

HOMEscores

Mean

Year |

Toys —1.00

Maternal Involvement —.18

Encouraging Developmental

Advancement* —.94

Restriction—Punishment 41

Boys

SD

4.93

3.00

3.96

2.07

Mean

37

82

1.12

-.70

Girls

“SD

4.99
2.93

4.49

1.38
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Table 14.5 (Cont.)

 

HOMEscores Boys Girls

Mean SD Mean SD

Year 2

Toys —.09 4.87 49 4.31

Maternal Involvement* —.19 3.02 1.24 3.20

Encouraging Developmental Advancement 55 4.19 .68 4.72

Restriction—Punishment 38 2.03 —.29 1.85

Year 3

Toys —1.33 4.88 —.57 4.78

Encouraging Developmental Advancement 90 3.23 .08 2.56

Responsivity of Mother* —.35 2.93 1.20 2.63

Year 4

Toys —1.30 8.04 50 8.01

Responsivity of Mother 19 4.30 76 4.54

Note: Multivariate test by sex yielded a significant sex difference (F319; = 2.85, p < .05); N = 68

boys and 47 girls.

*Indicates a significant sex difference for univariate test (p < .05)

Table 14.6 Means and standard deviations for Caldwell HOMEscales for

nonadoptive families

HOMEscores Boys Girls

Mean SD Mean SD

Year |

Toys 2.25 5.47 59 5.23
Maternal Involvement —.72 3.03 —.16 3.20
Encouraging Developmental Advancement 18 4.44 57 4.28
Restriction—Punishment ~.54 1.72 —.45 1.75

Year 2

Toys 1.36 4.89 1.19 5.43
Maternal Involvement —.61 3.08 02 2.75
Encouraging Developmental Advancement 38 4.50 -.16 3.75
Restriction—Punishment —.48 1.58 —.22 1.84

Year 3

Toys —.31 4.22 —.37 4.79
Encouraging Developmental Advancement 29 3.22 —.1]1 3.20
Responsivity of Mother —.46 2.88 —.20 2.63

Year 4

Toys —1.03 7.21 17 6.49
Responsivity of Mother —.48 4.06 23 4.52

 

Note: Multivariate test by sex yielded a non-significant mean difference between sexes
(Fi3126 = .78, p < .05); N = 77 boys and 63 girls.

In summary, for cognitive abilities in infancy and early childhood, no sex
differences were found in global ability measures. However, when examining more
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specific tests of ability, sex differences do emerge, albeit only consistently across
adopted and control children for Verbal-Symbolic ability at year 2. It should be
noted that the finding of mean differences between males and females is not a
necessary condition to finding differential gender responses to genetic or environ-
mental influences. Measures with no mean sex differences may be differentially
heritable in boys and girls, or vice versa. Similarly, environment—behavior relation-
ships may differ as a function of gender even when meandifferences are absent.

Model-fitting analyses of parent-child resemblance

Univariate model-fitting analyses were conducted for global cognitive ability at ages
1, 2, 3, 4, and 7 years, employing the full adoption model described by Fulker and
DeFries (1983). For specific cognitive abilities at years 3, 4, and 7, multivariate
models of genetic and environmental influence (Fulker, 1988) were fit separately for
boys and girls. These models included the effects of additive genetic variance (h),
environmental variance (e), maternal (m) and paternal (f) cultural transmission,
genotype—environmentcorrelations (s), and (in multivariate analyses) genetic (Rg)
and environmental (Re) correlations. Also in multivariate analyses, assortative
mating and cross-assortative mating were modeled using the co-path method
described by Carey (1986), such that the matrix of phenotypic marital correlations
(M) is expressed as a function of a matrix of conditional paths (D) and the
within-person phenotypic correlations among the traits (Rp):

M = RpDRp- (1)

(see also Fulker, 1988).

Both univariate and multivariate model-fitting were performed using the pedi-

gree-based approach described by Lange, Westlake, and Spence (1976) which uses

all available data from each family. The estimation procedure also allows the

simultaneous modeling of phenotypic meansof the traits, as well as their variance—

covariance structure. All model-fitting analyses were accomplished through Mx

(Neale, 1991), a special-purpose optimization program designed for the genetical

analysis of covariance structures.

Preliminary analyses: Genotype—environmentcorrelation, selective placement, and assort-

ative mating Several preliminary analyses were conducted prior to fitting models

to parent-child resemblance. These were performed to simplify the models,

particularly with respect to selective placement, assortative mating, and genotype—

environment correlation. First, variance—covariance matrices among measures of

children’s cognitive abilities were compared for adopted and controlgirls and boys.

Within each age of measurement, a full model was fitted which allowed estimates

of means, variances, and intercorrelations among the four specific cognitive abilities

separately for female and male adoptees and controls and their parents. This full

model was then compared to a second, more restricted, model which constrained

both correlations and variances to be equal across the four groups. These models
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constraining the full model to be equivalent for boys and girls yielded a significant

worsening of fit compared to a model with different effects across sex of offspring.

Although the full model could be constrained to be equal across families of girls

and boys at years 4 and 7, inspection of parameter estimates for the full model

within each sex revealed enough differences that further comparisons seemed

warranted.

Table 14.9 Multivariate analyses of specific cognitive abilities for

years 3, 4, and 7

 

Model Year 3 Year 4 Year 7

1 Boys = Girls*: —2In(L) 17,875.84 17,960.39 18,111.65

2 Boys # Girls: —2In(L) 17,761.84 17,883.90 18,033.53

Difference” 114.00* 77.48 78.12

  

* All parameters in full model are constrained to be equal across sex, except

meansof boys’ andgirls’ specific cognitive abilities.

b Difference between —2In(L) from Models 1 and 2 is distributed approximately

as chi-square with df= 70, and provides a test of equality of the full model across

boys andgirls.

*p < 05.

Given the low power available to detect sex differences in biometrical effects

using these data, we deemed it necessary to look more closely at results for girls and

boys, and to search for consistent patterns of differences. Fitting the full model

within each sex yielded values of —21nL as follows: at year 3, 9530.41 for boys and

9612.86 for girls; at year 4, 9612.86 for boys and 8271.04 for girls; and at year 7,

9670.58 for boys and 8362.95 for girls. Several reduced models were then fitted

within each year and sex and compared to the full model in each case (see Table

14.10). For boys at year 3, all submodels gave a significant worsening of fit; thus
the full model appears most parsimonious. For girls at year 3, equating maternal
and paternal cultural transmission (m = f) resulted in a non-significant increase in
chi-square. Dropping correlated genetic influences (Rg = 0) also resulted in a
non-significant change in fit. However, all other constraints produced significant
worsening in modelfit.

For boys at year 4, while we could not drop cultural transmission and G — E
correlation altogether (m = f=s = 0), the fit of the model did not significantly
worsen when constraining these effects to be diagonal (i.e., specific to each
measure). We could also equate maternal and paternal cultural transmission
(m =f) without loss of fit. Dropping genetic and correlated genetic influences
(h = Rg = 0) did not result in a significant reduction in fit. Additionally, one could
drop either Rg or Rc (but not both) without causing a significant worsening in
model fit. These results do not provide a clear indication of whether genetic or
cultural transmission is relatively more important in explaining parent-child resem-

blance in boys at 4 years of age. For girls at year 4, we could drop cultural

transmission and G—Ecorrelations (m = f = s = 0) withoutsignificant worsening of

model fit. Additionally, one could drop both Rg and Rc without a significant
increase in chi-square.
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at years 3, 4, and 7, respectively). The sex differences in heritability of Memory are

larger at years 3 and 7 than for any other specific cognitive ability during this age

range. It is noteworthy, however, that the next largest differences in absolute value

of h are for Spatial ability at years 4 and 7, where heritabilities do appear greater

for girls (h? = .55 at year 4 and h? = .61 at year 7) compared to boys (h? = .17 at year

4 and A? =.23 at year 7). Otherwise, sex differences in heritable variation are

unimpressive for Verbal ability and Perceptual Speed measures.

Table 14.11 Maximum-likelihood estimates of heritability (h), genetic correlations (Rg),

and environmentalcorrelations (R-) from full models of specific cognitive abilities, for

boys and girls at year 3

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory

Parameter Speed Speed

h

S 0.42 0 0 0 0.31 0 0 0

V 0 0.50 0 0 0 0.46 0 0

P 0 0 0.25 0) 0 0 0.35 0

M 0 0 0 0.59 0 0 0 0.21

Rg
S 1.00 1.00
V 62 1.00 —.10 1.00
P 1.00 -.12 1.00 .40 76 ~—-1.00
M 1.00 69 -.09 1.00 —.32 52 1.00 1.00

Rc
S 1.00 1.00
V .07 1.00 18 1.00
P 17 25 1.00 19 13 1.00
M .03 —.05 .20 1.00 21 24 32 1.00

 

Table 14.12 Maximum-likelihood estimates of heritability (h), genetic correlations (Rg),
and environmentalcorrelations (Rg) from full models of specific cognitive abilities, for
boys andgirls at year 4

  

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory
Parameter Speed Speed

matrix (S) (V)  (P) (M) (S) (V)  (P) (M)
h

S 0.41 0 0 0 0.74 0 0 0
V 0 0.33 0 0 0 0.27 0 0
P 0 0 0.45 0 0 0 0.41 0
M 0 0 0 0.26 0 0 0 0.19

R,

S 1.00 1.00
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_Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory
Parameter Speed Speed

matrix (S) (V) __(P) (M) (S) (V) _(P) (M)
V 32 1.00 —.12 1.00
P 1.00 -.01 1.00 1.00 -27 1.00
M 1.00 1.00 -.86 1.00 —.10 22 1.00 1.00

Rc
NS) 1.00 1.00
V 10 1.00 .26 1.00
P 01 14 ‘1.00 —.03 06 ~=1.00
M .06 —.06 10 1.00 .28 07 04 1.00

 

Table 14,13 Maximum-likelihood estimates of heritability (h), genetic correlations (Rg),
and environmental correlations (R,) from full models of specific cognitive abilities, for
boys andgirls at year 7

 

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory

Parameter Speed Speed

matrix (S) (V)  (P) (M) (S) (V)  (P) (M)

h

S 0.48 0 0 0 0.78 0 0 0

V 0 0.32 0 0 0 0.50 0 0

P 0 0 0.49 0 0 0 0.25 0

M 0 0 0 0.57 0 0 0 0.06

Rg
S 1.00 1.00

V 1.00 1.00 .26 1.00

P 99 15 1.00 1.00 .88 1.00

M —.22 75 .00 1.00 1.00 100 -.09 1.00

Rc
S 1.00 1.00

V —.07 1.00 —.11 1.00

P —.05 .06 1.00 .18 04 1.00

M .06 03 22 1.00 17 14 09 1.00

Examination of cultural transmission effects for mothers (m) and for fathers (f),

as well as geneotype—environmentcorrelations (s) (see Tables 14.14—-14.16), does not

reveal any clear pattern of sex differences for specific cognitive abilities at any age

of testing. In spite of the fact that these effects appeared significant as a whole in

all cases except girls at year 4 and boysat year 7, the magnitude of these parameters

is unimpressive, suggesting only small or even negligible effects of cultural

transmission and gene—environmentcorrelation between 3 and 7 years of age. It is

clearly not the case that environmental effects, as reflected in cultural transmission

parameters, are greater for boys than forgirls.
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Table 14.14 Maximum-likelihood estimates of paternal (f) and maternal (m) cultural

transmission and genotype-environmentcorrelation (s) from full models of specific

cognitive abilities, for boys and girls at year 3

  

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory

Parameter Speed Speed

matrix (S) (V)  (P) (M) (S) (V)  (P) (M)

f

S ll -.08 -.01 —.04 —.04 —.05 .09 12

V .04 12 .03 —.34 —.04 .06 .09 16

P 04 14 -.01 .06 —.08 —.09 ll .O1

M 03 ~.06 .O1 —.20 .08 .00 .20 —.08

m

S —.25 .08 .O1 —.06 21 -.11 .00 04

V .06 —.03 22 —.06 .04 —.07 -.04 12

P .08 -.09 -.04 —.26 -.01 -.06 -.02 .09

M —.26 03 .09 05 13 05  -.02 .08

S

S —.04 —.28 -—.52 —.5] —.01 -.06 -.38 —.37

V —.03 ~08  —.38 —.1] —.07 -.04 -.40 —.40

P —.01 14 05 --.30 —.06 ~.08  —.05 —.88

M —.05 -.08 -.04 ~.09 01 .06 .O1 05

Table 14.15 Maximum-likelihood estimates of paternal (f) and maternal (m) cultural
transmission and genotype—environmentcorrelation (s) from full models for boys andgirls

  

at year 4

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory
Parameter Speed Speed

matrix (S) (V) (P) (M) (S) (V)  (P) (M)
f

S 15 -.04 -.05 .O1 ~.15 15 -.03 AS
V 07 ll 04 ~.16 —.03 05 05 .04
P —.02 -.01 05 00 —.17 00 -.06 —.13
M —.08 ~04  -.04 —.12 —.03 .O1 .06 -.01

m

S —.12 —.01 09 -.01 —.02 13 14 .10
V 07 12 02 02 —.03 08  -.05 .08
P —.08 -—10  -.07 02 —.07 ~.19 .06 11
M -—.17 —.12 19 01 .03 09  -.04 17

S

S 01 -—16 —44 ~.25 —.10 ~18  —.25 —.21
V —.01 03. -.35 .08 03 01 .08 —.20
P .02 07 -.04 .16 —.03 -01 -.10 -.11
M ~.01 07  -.05 —.13 .08 03 —.03 .04
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Table 14.16 Maximum-likelihood estimates of paternal (f) and maternal (m) cultural
transmission and genotype—environmentcorrelation (s) from full models for boys and girls
at year 7

  

Boys Girls

Spatial Verbal Perceptual Memory Spatial Verbal Perceptual Memory
Parameter Speed Speed

matrix (S) (V) (P) (M) (S) (V) (P) (M)
f

S 5 —.06 07 ll .02 —.04 05 13
V 07 10 01 .00 —.09 05 16 —.09
P —.14 07 =-.05 .O1 —.15 —.09 07 .08
M 05 .00 .00 —.06 02 01 12 .10

m

S —.12 07 =-.03 19 —.08 -.11 ll —.12
V —.14 .10 .09 04 —.05 —.06 .00 15
P —.11 —.13 .09 —.01 .03 -19  -.03 —.15
M ~.02 —.16 .09 -.01 ll .02 05 21

S

S .00 -—15  -.28 02 —.05 19 —.30 —.16
V .00 03. -.07 —.59 —.04 -O01 —-.17 —.22

P —.03 01 -—.06 ~.37 —.05 ~04 —-—12 —.05

M .10 06 -.01 —.05 —.07 -.06 -.14 .08

Although the lack of any clear sex difference in cultural transmission parameters

fails to support the hypothesis that boys are more influenced by environment than

girls, this does not unequivocally rule out the possibility of such a hypothesis. The

cultural transmission effects in Fulker’s (1988) model reflect primarily the extent to

which factors related to these four specific abilities in the parents are correlated with

abilities in the children. There may be otheraspects of parents’ behavior apart from

their performance on the cognitive test battery which represent an important part

of their children’s environment, which in turn relates to children’s intellectual

outcomes. Thus, we next explored this possibility by examining correlations among

children’s abilities with aspects of the home environment as measured in the

Caldwell HOME Inventory.

Environment—behavior relationships

Whether relationships between aspects of the early environment and children’s

intellectual outcomes are stronger for boys or for girls can only be appropriately

addressed utilizing data from adoptive families where no genetic confound exists.

Multiple regression analyses were conducted to predict cognitive developmental

measures at each year of age. The predictors included in each set of regression

analyses were thefirst principal component for quantitatively-scored HOMEitems

assessed at 1, 2, 3, and 4 years of age. Only those HOMEscoresrelevant to the age
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of the cognitive measure being predicted were included as predictors. For example,

in predicting the intellectual performance at age 4, HOMEscoresfor years 1, 2, 3

and 4 were included as predictors, whereas HOMEscores for only years 1 and 2

were included when predicting intellectual performance at year 2.

Table 14.17 gives the standardized regression coefficients for each of the global

HOMEenvironmental variables when predicting global cognitive measures. Of the

10 regression analyses conducted, four HOMEscores showed significant partial

regression coefficients when predicting general cognitive performance — two for boys

and twofor girls. Additional regression analyses including interaction terms (see Ho,

1987) to test for significant sex differences between regression coefficients yielded

only one significant difference, the prediction of cognitive performance at year 7

from HOMEscores at year 1, in which the environment—cognitive performance

regression is significantly higher for girls than for boys.

Table 14.17 Regression of global cognitive measures on Caldwell HOMEscores

Boys Girls

Global Home predictors (at years 1-4) Homepredictors (at years 1-4)

cognitive E, E, E; E, R £, E; E; E, R

measures

Year | 14 02 01 .00
Year 2 .04 .29* 10 -.12 11 01
Year 3 —.04 23 .00 04  -.05 24 —.17 .06
Year 4 ~.01 18 -05 -.10 02 25 —.02 ~39* 29 210
Year 7 —-.01 .06 18 .38* 09 59* —,33 02 -.01  .23

 

Note: Samplesizes for the 10 regressions ranged from 61-77 for boys and 49-69 for girls. Note that these
analyses were conducted on only the adoptive families.
*p < .05

Examination of the proportions of variance in general cognitive ability (R2) for
girls and boys does not indicate any greater effect of environment on boys. Infact,
for three of the five global ability measures, the absolute value of R? in girls exceeds
that in boys.

Table 14.18 gives the standardized regression coefficients for each of the global
HOMEenvironmental variables when predicting specific cognitive measures for
each age. Of the 38 regression analyses conducted, 14 HOME scores showed
significant partial regression coefficients when predicting specific cognitive perform-
ance — 4 for boys and 10 for girls. Subsequent regression analyses that utilized
interaction termsto test for significant sex differences yielded five pairs of regression
coefficients that are significantly different for boys and girls. Three of the
significant differences were HOMEenvironmental measures predicting cognitive
factors at year 7: HOME environmental measure at year 2 predicting Verbal
performance; HOMEassessedat year | predicting Spatial performance; and HOME
assessed at year 4 predicting Perceptual Speed. The remaining twosignificant sex
differences are predictive of Spatial performance at years 2 and 3 (for year 2, the
significant predictor was HOMEassessed at the same age; for year 3, the significant
predictor was HOMEassessed during year1).
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Table 14.18 Regression of specific cognitive measures on Caldwell HOMEscores
ene

 

Boys Girls

Homepredictors (at years 1-4) Homepredictors (at years 1-4)

E, E; E; E, R’? £, E, E; E, R’

Year 1

Means-End —.06 00 -.14 02
Imitation —.04 .00 13 02
Verbal Skill 15 02 .25* .06

Year 2

Lexical —.08 22 03. —.27 47* 14
Spatial .06 .37* 17 -.11 —.11 .04
Verbal—

Symbolic —.03 07 00 -.07 19 02
Imitation 13 -.04 01 .16 .02 .03

Year 3

Verbal ~.09 .34* =—.08 07 01 00 -.23 05
Spatial 17 -10 -.05 02  -.42* .33 19 me
Perceptual

Speed —.10 21 .03 03 14 11 —.24 .06
Memory 13 .O1 .00 02 .03 19 —.10 .04

Year 4

Verbal 02 -~.08 18 29 14 17 AW -.20 .32 16
Spatial —.13 .26 06 -—.18 .05 .04 .08 10 -09 02
Perceptual

Speed 18 -06 —12 -.13  .05 21 —.33* -.46* .33* 18
Memory —.13 03  —.23 16 .06 ~~ .15 14 -.23 06 =.07

Year 7

Verbal —.27 45* -03 -16 .11 -.08 .38* 25 -.01 19
Spatial 02 -.25 .04 02.05 58* —44* -08 -.23 .28
Perceptual

Speed 04 -—.03 06 -.20  .03 40* -.33 11 -.03 15
Memory —.09 .07 24 —44* 12 36 ~18 -—.22  .25 10

 

Note: Sample sizes for the 38 regressions ranged from 60-87 for boys and 49-69 for girls. Note that these
analyses were conducted on only the adoptive families.

*» < 05.

As in the previous analyses of global measures of cognitive ability, proportions of
variance in specific abilities explained by HOMEscoresare not greater for boys than
for girls. For 15 of the 19 variables examined, absolute values of R’ in girls exceeded
that in boys. Thus, neither for global nor for specific cognitive abilities does it
appear that environmental effects are greater in boys.

Conclusions

These data provide little or no support for the hypothesis that boys and girls are
differentially affected by heredity and environment. For measures of global cognitive
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ability between 1 and 7 years of age, there are no apparent differences between girls

and boys in mean performance, or in the relative effects of heredity and environ-

ment on variation within each sex. Model-fitting analyses of parent-child resem-

blance showed remarkably similar patterns of genetic and environmental influence

within samples of girls and boys across ages 1, 2, 3, 4, and 7 years. Multiple

regression analyses of environment-behavior relationships, furthermore, showed no

evidence that boys were more susceptible to environmental influences.

While similar analyses of specific cognitive abilities did show some suggestions of

sex differences, both in mean performanceandin therelative effects of heredity and

environment within each sex, the patterns of the few differences that appeared did

not replicate across ages. Mean differences were robust across adopted and control

samples for only a single measure, Verbal-Symbolic skill at 2 years of age. Cultural

transmission, when present, does not appearto differ by sex of parent. ‘To the extent

that parental abilities relate to environments important to their children’s intellec-

tual outcomes, maternal and paternal influences appear to be similar.

In general, heritabilities of specific cognitive abilities did not significantly differ

between the two sexes, although heritable variation for Memory was consistently

greater in boys at 3, 4, and 7 years of age. There was also some suggestion of a sex

difference in genetic correlations among the four specific cognitive abilities. This

may indicate some sex-limited effects, whereby genetic factors important in one sex

may not be isomorphic with those important in the other sex. Models of sex-limita-

tion (see Eaves, Last, Young, & Martin, 1978) might provide one direction for

future research in this area.

Future research should also focus on morespecific abilities and tasks, rather than

merely looking at global performance measures. However, large samples will be

needed to detect sex differences in genetic and environmental variation, because

such differences are likely to be small.
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Environment in
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shirley McGuire
Judy Dunn

In this chapter, we focus on sibling differences, rather than on the sources (genetic
and environmental) of sibling similarity during middle childhood. Since the CAP
siblings are studied as individuals on different occasions, we have had the opportunity
to examine differences in experiences for two children in the same family when they
were the same age. For example, we explore the nature of two siblings’ experiences
with their mothers when both children were 7, 9, and 10 years of age. Our aim is to

see if differences in the environmental experiences of the children when they were

the sameage are related to various outcomes, specifically their social competence,
psychopathology, and temperament across middle childhood and early adolescence.

In the first part of the chapter, we discuss different ways of conceptualizing

nonshared environment, and review the literature on maternal differential treatment

and children’s outcomes. Then, we pursue three questions concerning siblings’

nonshared environmental experiences using the CAP data: (1) How differently are

siblings treated by their mothers when they are the same age? (2) Are there links
between such differential experiences and children’s social competence, behavior

problems, and personality? and (3) Do the links between maternal differential

treatment and children’s outcomespersist over time?

Conceptualizing Nonshared Environment

Studies have shownthatsiblings differ across a number of important developmental

outcomes thought to be heavily influenced by the family environment (see Dunn &
Plomin, 1990; Plomin & Daniels, 1987; Scarr & Grajek, 1982). The extent to which
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be important in their development. Were the experiences of one child as a
7-year-old different from the experiences of her sibling as a 7-year-old? If so, do
these differencesrelate to the children’s outcome? If their experiences were similar
— if, for example, there is consistency in parental behavior to the siblings when
they are the same age — this would imply that such experiences do not contribute
to the differences in their development. In contrast, the impact of witnessing
and perceiving different experiences from those of your sibling may be import-
ant. Analyzing the differential experiences of siblings when they were the same
age can, then, begin to clarify the significance of differences in these “direct”
experiences.

To address this issue, the mothers were interviewed about their relations with
each child on different occasions when the siblings were the same age. That is, each
mother discussedher first child when he or she was 7 years old and was interviewed
again when the second child became 7 years old. Comparisons of mothers’
self-reports of their treatment of the siblings when the children were the same age
indicates how the children were treated. They do not include the children’s
perceptions or observations of maternal treatment (although they of course reflect
the mothers’ perceptions of their own behavior rather than those of independent
observers). In a way, this approach is similar to the between-family approach in
which children are compared across families; however, we are comparing two
children within a family.

Maternal Differential Treatment and Children’s Outcomes

In this section, we review the literature documenting maternal treatment when the
children are different ages and the same age, and consider the research which has
examined links between such experiences and children’s outcomes.

Siblings at different ages

Studies of young siblings have shown that from the beginning children are very
sensitive to their mothers’ attention toward their siblings. After the birth of a
sibling, firstborns rarely ignore interactions between their mothers andsiblings, but
frequently respond to mother-sibling interactions with protests or demands for
attention (Dunn & Kendrick, 1982). During their second year, secondbornsare in
turn very attentive to older sibling—mother interactions (Dunn & Munn, 1985).
Koch (1960) interviewed children in early childhood about the parent and sibling
relationship. She found that children — particularly firstborns — were very concerned
about inequality in parental attention. Interviews with older children and adults
reveal that differential treatment is still an issue for adolescents (Daniels, 1986:
Daniels & Plomin, 1985) and adults (Baker & Daniels, 1990). Moreover, the
discrepancies reported in maternal behavior are relatively large. In a study of the
CAP children, 32%of the mothers reported large discrepancies in their affectionate
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behavior and 29%in their controlling behavior toward their two children, suggest-

ing that differential treatment is also an important issue for parents (Dunnet al.,

1991).

Siblings at the same age

Previously, CAP data have been reported concerning mothers’ behavior toward two

siblings at 1, 2, and 3 years of age (Dunn, Plomin, 1986). These studies found that

mothers wererelatively consistent in their behavior to their two children when each

child was the same age. The mothers, however, did not behave consistently to the

same child across ages — at least in the circumstances in which the data were

collected. These results suggest that during infancy and the preschool period, the

developmental stage of the children was a particularly powerful influence on

mothers’ behavior. To put it concretely, some mothers appear to be particularly

interested and affectionate toward their children when they are babies; someare

more interested in them as they become preschoolers; and so on. We now examine

the question of whether children’s family experiences during middle childhood are

similar or different to those of their siblings. Do some children, for example,

experience a different family environment as 7-year-olds than their siblings did as

7-year-olds? And are these differences in experience related to their behavioral

outcomes when they reach 9 years old?

Links to outcomes

The demonstration that differences in parental treatment existed and that children

were aware of such differences in their parent-child experiences was just the initial

step in examiningtherole of such experiencesas influences on development. Several

related, but relatively unexplored, issues include the links between such differential

experiences and children’s temperament, sibling relationships, and individual out-

comes. In addition, few studies of siblings’ differential experiences have investigated

children across early childhood into adolescence. It was this gap in the literature

which led to the developmentof the Colorado Sibling Study (CSS), a longitudinal

study of sibling relationships and nonshared environmental experiences and a

subproject of the Colorado Adoption Project (Dunn, Stocker, & Plomin, 1991;

Stocker, Dunn, & Plomin, 1989). In addition to the reasonably well-documented

effects of maternal differential treatment on children’s sibling relationships and

temperament (Boer, 1990; Brody, Stoneman, & Burke, 1987; Bryant & Crockenberg,

1980; Hetherington, 1988; Stocker et al., 1989), nonshared environment has also

been found to be linked to outcomes such as behavior problems, anxiety, and low

self-esteem (Daniels, Dunn, Furstenberg, & Plomin, 1985; Dunn & Plomin, 1990;

Dunn et al., 1991; McHale & Gamble, 1989; McHale & Pawletko, 1992). These

studies found that when mothers were differentially attentive, affectionate, or

controlling to their various children, the siblings were more likely to be hostile

toward one another and the less favored child was more likely to have behavior
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problemsand lowerself-esteem. These results appeared in studies focusing on early
childhood to adolescence which used diverse methods such as observations, data
collected over the telephone, interviews, and questionnaires.
The studies linking outcomes to differential treatment examined differences in

siblings’ experiences with their mothers when the two children were at different
ages and developmental stages. The research has shownthat at a given pointin time
mothers do treat their children differently and that such nonshared experiencesare
linked to children’s outcomesandrelationships with others. Since the siblings were
different ages, it is perhaps not surprising to find that their interactions with their
mothers were different. As Sandra Scarr puts it, “Can you imagine speaking to a
l-year-old as you would to a 2-year-old, even if you were the mostinsensitive person
in the world?” (Scarr, 1987). However, we should also consider the possibility that
parents’ behavior differed toward their children when the siblings were the same age
(i.e., at different measurementoccasions). Did each child have similar experiences
of love, attention, and control from their parents during childhood? If so, do such
differences contribute to individual differences in outcome?

Method

Sample

For this study we examined the CAP children when they were 7, 9, and 10 years
old. We used measures which had been completed by the mothersand bothsiblings
across the three time points. Since the CAP is an ongoing longitudinal study, the
sample sizes decreased across time, and therefore, results presented here must be
interpreted with caution and will require replication. There were 100 (49 adoptive
and 51 nonadoptive) pairs at 7 years, 77 (32 adoptive and 45 nonadoptive) pairs at
9 years, and 54 (22 adoptive and 32 nonadoptive) pairs at 10 years.

Measures

At all three time points, mothers completed Dibble and Cohen’s (1974) Parent
Report in which they rated their behavior toward the child using a 7-point scale
(0 = never to 6 = always). The 48-item measure included eight positive and negative
subscales which were factor analyzed. Theresults revealed three factors: Acceptance
or Warmth (Acceptance of Child as a person, Child Centeredness, Sensitivity to
Feelings, Positive Involvement, and Shared Decision Making), Inconsistency (In-
consistent and Lax Enforcement of Discipline, and Detachment), and Negative
Control (Control through Guilt, Control through Hostility, Control through
Anxiety, and Withdrawal of Relationship). Only the Acceptance and Negative
Control subscales were used in our analyses because they most closely parallel other
measures found in the literature.
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Three sets of outcome variables were examined: psychopathology, competence

and self-worth, and intelligence. Children’s internalizing and externalizing problems

were assessed by mothers and teachers at 7, 9, and 10 using the Child Behavior

Checklist (CBCL) (Achenbach 1991a, b). Social competence (Confidence, Leader-

ship, Popularity, and Problem Behavior) was assessed byteachersat all three time

points using the CAP Social Competence Scale (CSCS) (see Chapter 10 for details).

In addition, the children reported their feelings of behavioral, scholastic and social

competence, and self-worth using Harter’s (1982) Self-Perception Profile (SPP) at

ages 9 and 10. Each child’s IQ wasassessed using the Wechsler Intelligence Scale

for Children—Revised (WISC-R) at age 7 (see Chapter 4).

Wealso investigated individual differences in temperamentas potential correlates

of sibling environmental differences. Mothers and teachers rated each child’s level

of emotionality, activity, and sociability using the Colorado Childhood Tempera-

ment Inventory (CCTI) at ages 7, 9, and 10 (see Chapter 9).

Results

In this section that follows, differences in maternal treatmentof siblings are related

to individual differences in the outcome and temperamentvariables across time. For

a more detailed explanation of the advantages and disadvantages of analyses using

difference scores, see Rovine (1993).

Maternal behavior

As with the results from the study of mother-child interaction at 1, 2, and 3 years,

the sibling correlations for parental Acceptance and Negative Control were moderate

to high across the three time points (see Table 15.1). At each of the ages, mothers’

reports of their behavior to their two children were similar. The magnitude of the

correlations was greater for nonadoptive pairs than adoptive pairs, suggesting

genetic influence on the Dibble and Cohen parenting measure. These analyses are

presented and discussed in greater detail in Chapter 17; however, the results remind

us that siblings may differ for genetic as well as environmental reasons. In addition,

correlations across time showed considerable stability in the degree of maternal

warmth(rs ranged from .65 to .70) and control (rs ranged from .49 to .68) directed

toward the two children.

Wecreated difference scores by subtracting the scores for mothers’ reports of their

behavior toward the younger siblings from the scores for mothers’ reports of

their behavior toward the older siblings; these differences, even though small in

scale, might be significantly related to differences in the children’s outcomes.

Correlations among the difference scores showed little stability across time for the

two scales. As with the previous analyses of sibling data (Dunnetal., 1986; Dunn

et al., 1985; Dunn & Plomin, 1986), this result suggests that differences in maternal

behavior are not stable and may be influenced by the age or developmental stage of



Nonshared Environment in Middle Childhood 207

the children. Some mothers are consistent toward their two children as 7-year-olds,

but are not toward those same siblings at 11 years of age.

Table 15.1 Sibling correlations and sample sizes for

mother-reported maternal parenting measuresat 7, 9,

and 10 years.

Measure Year

7 9 10

Maternal Acceptance .61* .70* .58*

(N) (100) (79) (53)
Maternal Negative Control 71* .60* .32*
(N) (99) (79) (54)

Maternal Inconsistency .64* .47* .63*

(N) (100) (78) (54)

*» < 01.

Links with outcomes

In general, the numberof significant correlations between maternal differential treat-

ment and mother-rated competence was not significantly above chance. Wedid find

correlations between differences in maternal treatment and older and youngersiblings’

psychopathology (Tables 15.2 and 15.3). Children who received more maternal warmth

than their sibling scored lower on externalizing and internalizing problems. There were

a few significant associations between maternal negative control and both siblings’

externalizing problems. Children receiving more discipline than their sibling scored

higher on externalizing problems. Maternal behaviors were related to teachers’ ratings

of externalizing behavior for the older siblings (see Table 15.2) and to mothers’ reports

of internalizing and externalizing problems for younger siblings (see Table 15.3).

Table 15.2 Correlations between differences in mothers’ reports of maternal

Acceptance and Negative Control toward the two siblings and older siblings’ scores on

the Child Behavior Checklist at 7, 9, and 10 years.

Outcome Maternal Acceptance Maternal Negative Control

7 9 10 7 9 10

Year 7

Internalizing (M) .09 .25** 22 07 —.02 — .26*

Externalizing (M) -.01 13 19 ll 14 -.19

Internalizing (T) — .08 —.15 14 —.14 13 —.16

Externalizing (T) —.31** —.37** —-.25* —.02 42** 32**
Year 9

Internalizing (M) —.12 —.16 —.01 .06 .09 — .20
Externalizing (M) —.01 .08 —.03 05 29** —.05
Internalizing (T) .08 — .30** 07 02 O01 .06
Externalizing (T) —.08 — .43** -.01 .04 .20* 17
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Table 15.2 (Cont.)

Outcome Maternal Acceptance Maternal Negative Control

7 9 10 7 9 10

Year 10

Internalizing (M) 05 23 21 ll 10 —.12

Externalizing (M) 07 16 13 12 .08 —.01

Internalizing (T) —.05 01 .28* 18 .21* —.27*

Externalizing (T) —.02 —.1] 14 .04 16 —.12

Note: M = motherreport; T = teacher report.

*» < .10, two-tailed, **p < .05, two-tailed.

We do not, then, have evidence from these data that differences in how mothers

treat their children when they are the same age explain why children differ in

competence. The low numberof significant correlations, however, may be due to

the lack of stability over time in the difference scores used to assess maternal

differential treatment; such instability suggests that the scores may reflect mostly

error. It should also be noted that these measures of maternal behavior are

solely self-report assessments; clearly it would be preferable also to have other

assessments of maternal behavior, such as observational measures or children’s

reports.

Table 15.3 Correlations between sibling differences in mother’s reports of maternal

Acceptance and Negative Control and youngersiblings’ scores on the Child

Behavior Checklist at 7, 9, and 10 years.

Outcome Maternal Acceptance Maternal Negative Control

7 9 10 7 9 10

Year 7

Internalizing (M) .27** 33** 12 —.12 — .07 — .06

Externalizing (M) .28** 16 .27* —.12 — .05 —.08

Internalizing (T) —.22** —-—.01 —.17 —.16 14 ll

Externalizing (T) 02 — .08 —.15 — .09 ll .O1

Year 9

Internalizing (M) .24* 3O** .31** .09 — .09 —.20

Externalizing (M) .23* .30** .30** .04 —.20*  —.27*

Internalizing (T) —.15 — .02 .24* .24* 05 —.19

Externalizing (T) —.07 01 12 .29** .03 —.17

Year 10

Internalizing (M) 05 .30** .22* .08 16 —.18

Externalizing (M) 12 32** .32** .09 .03 —.12

Internalizing (T) 16 10 —.10 —.16 .06 — .32**

Externalizing (T) .47** 29* —.02 —.25 —.18 ~—.12

Note: M = mother report; T = teacher report.

*» < .10, two-tailed, **p < .05, two-tailed.
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Links with temperament

Some of the older siblings’ temperament characteristics were related to differences
in maternal warmth and negative control (see Table 15.4). We also examined links
between differences in maternal behavior and the younger siblings’ temperament
characteristics but found few significant correlations. For older siblings, higher
emotionality and activity were related to less maternal warmth. Most significant
correlations occured between temperament at 9 years and later differences in
maternal treatment at 10 years. In general, maternal differential behavior was not
related to later sibling temperament.

Table 15.4 Correlations between differences in mother’s reports of maternal
Acceptance and Negative Control toward the two siblings and older siblings’
scores on the CCTI at 7, 9, and 10 Years

 

Temperament differences Maternal Acceptance Maternal Negative Control

7 9 10 7 9 10

Year 7

Emotionality (M) —.05 01 —.14 03 -.01 .05

Activity (M) —.14 .03 12 02 04 .03

Sociability (M) —.02 — .08 10 O01 05 .08

Attention (M) .06 .22* 18 — .04 —.22* .03

Emotionality (T) ~.01 —.10 12 —.10 16 01

Activity (T) — .08 —.13 — .24* 10 —.01 .02

Sociability (T) —.13 02 —.13 16 16 12

Shyness (T) 16 — .07 07 —.14 —.01 —.23

Year 9

Emotionality (M) —-.01 —.05 -.18 —.10 04 —.05

Activity (M) — .08 07 —.31** —-.07 — .08 5

Sociability (M) 01 — .06 ll ll -.01 05

Attention (M) 10 21+ .28** —.03 —.14 —.15

Emotionality (T) —.24** — 30** 12 .06 ~.17 — .03

Activity (T) .06 —.07 — .34** .02 —.09 —.07

Sociability (T) .06 —.11 — .35** 13 02 —.03

Shyness (T) .09 .05 21 — .06 —.14 —.13

Year 10

Emotionality (M) —.05 ll — .07 .18* 05 —.16

Activity (M) —.09 —.05 —.32** —21** —-.13 .26*

Sociability (M) .08 12 .20 .06 —.03 —.15

Attention (M) 10 10 .23* —.14 —.16 —.30**

Emotionality (T) —.03 —.08 .25* 09 14 —.04

Activity (T) —.13 —.12 02 .08 —.07 Al

Sociability (T) —.14 — .08 — .06 -.01 O01 14

Shyness (T) — .08 .22** 08 .22** 01 1

Note: M = motherreport; T = teacher report.

*» < .10, two-tailed, **p < .05, two-tailed.
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The relationships between maternal behavior and children’s outcome and person-

ality across time highlight the issue of direction of effects: we clearly cannot assume

that maternal differential behavior is a cause and not a consequence of children’s

behavior problems or personality differences. Indeed, recent studies of chil-

dren’s conduct-disorders have suggested that children’s behavior plays a significant

role in both the parenting process and their own adjustment and social development

(Anderson, Lytton, & Romney, 1986; Lytton, 1990; Patterson, 1986).

In order to address the issue of the direction of effects, the older siblings’

temperament data were subjected to regression analyses. Differential maternal

affection when the older sibling was 10 years old was not correlated with earlier

temperament (as established from both mother and teacher ratings). There were,

however, links between older siblings’ temperament at 9 years and differences in

maternal warmth at 10 years. We examined the association between temperament at

9 years and later maternal warmth after controlling for differences in maternal

warmth at 9 years and temperament at 10 years to determine if the longitudinal

associations were a function of the contemporaneous correlations between the

measuresat 9 and 10 years or the stability of mothers’ reports of their own behavior.

Since the sample sizes were small, we used only the temperament characteristics

significantly correlated with differences in maternal warmth: mothers’ reports of

attention and activity and teachers’ reports of activity and sociability (see Table

15.4).

Using hierarchical regression, maternal reports of temperament at 9 years

predicted an additional 15% of the variance in differential maternal warmth at 10
years after controlling for previous maternal warmth (total R* = .27). In a separate
analysis, teachers’ reports of children’s temperament predicted an additional 19%
in differences in maternal warmth after controlling for mothers’ behavior at 9 years
(total R’? = .31). In addition, maternal behavior at 9 years was not correlated with
the temperament variables at 9 years (see Table 15.4). These results suggest that
the links between older siblings’ temperament at 9 years and later differential
maternal affection was not just a function of the relationship between these two
variables at 9 years or the stability over time in maternal behavior.

In a secondset of regression analyses, we examined whether or not temperament
at 9 years predicted differences in maternal affection at 10 years after controlling
for temperament at 10 years. We wanted to know whetheror not the relation-
ship between temperamentat 9 years and later maternal behavior reflected the link
between the two variables at 10 years. We found that mothers’ reports of
temperament at 9 years did not predict a significant amount of the variance (2%)
in later differences in maternal behavior at 10 years after controlling for temperament
at 10 years (total R’ = .15). Teachers’ reports of the older siblings’ temperamentat
9 years, however, did predict an additional 34%of the variance in differences in
maternal warmth when the siblings were 10 years after controlling for earlier
temperament(total R? = .35). It appears that differences in mothers’ warmth toward
the siblings were related to past but not present teacher ratings of the children’s
temperament and to both past and present maternal ratings of temperament.
Perhaps the mothers’ behavior toward the older siblings was affected by information
they received from the teachers’ concerning their children’s behavior and they were
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not awareofthe teachers’ present views. We should stress, however, that the sample
sizes in these analyses were small and that the links between earlier temperament
and later maternal behavior were not replicated across all the measurement
occasions.

Conclusions

In this chapter, we have considered the extent to which siblings experienced
different environments during middle childhood when they were the same age. In
general, the findings indicate that motherstreat their children rather similarly when
they are at the same age. This is an interesting contrast to the evidence that at any
one point in “real time,” when children are different ages, their mothers behave
quite differently toward them. These results echo those found for the toddler and
preschool period (Dunnetal., 1985; Dunnet al., 1986; Dunn & Plomin, 1986). The
results do not support arguments that ordinal position plays a significant role in
children’s nonshared experiences (Hoffman, 1991). In fact, strong birth-order
effects have not been foundin large studies of children’s personality (Ernst & Angst,
1983).

Secondly, the results indicate that the small differences in maternal differential
treatment when the children were the same age were notrelated to the children’s
later competence. However, there were correlations between differences in maternal
warmth and both older and younger siblings’ behavior problems and the older
siblings’ temperament characteristics. It is possible that temperament and adjust-
ment measures assess behaviors that are more relevant for understanding family
relationships, whereas the competence measures assess more school-related beha-
viors. That is, whether or not a child is very emotional, active, or rebellious may be
more important as an influence on the mother’s behavior than a child’s popularity
or confidence with peers.

There is, however, growing evidence that differential experiences in siblings’
everyday lives (that is, at the same time when the children are different ages) are
related to children’s relationships and adjustment (Dunn & Plomin, 1990). It
appears that this second type of differential experience, that which siblings
encounter everyday, may be more importantin relation to children’s development.
The willingness of mothers to report such disparity in their treatment of their
children points to how commonthesituation is for parents (Dunnetal., 1991). In
addition, it may be that children’s perceptions of differential treatment, compared
to their ‘objective’ experiences, are especially significant for children’s adjustment.
We know from other research that from very early in development children are
extremely sensitive to such differences (Dunn, 1988; Koch, 1960).

In general, our results showed that two siblings have similar experiences with
their mother at the same age. This finding suggests that such experiences do not
explain whythesiblings are so different and, thus, other factors must be contribut-
ing to individual differences in children’s development. As we have noted, witness-
ing differential behavior to self and to other children may be more important than
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similar experiences of direct interaction with the parents. Seeing your mother’s

evident affection for your sibling may override the impact of the affection you in

fact received at the same age. This is an idea directly at odds with the usual view

of what matters in parenting; an idea that collides with current psychological theory,

but is definitely worth pursuing (Dunn & Plomin, 1990).

There are two issues concerning the longitudinal nature of these experiences

which should be noted. First, the connections over time remind us that a key issue

for future research will be to clarify the question of the direction of effects in these

links between individual differences and differential experiences. Parents may be

reacting to temperamental and behavioral differences in their children which have

developed over time as the children react to parental treatment. Second, longitud-

inal data may also help us to understand how children’s developmental level 1s

linked to their differential experiences within the family.

In this chapter, we have examined only one example of nonshared environment:

maternal treatment. Many other dimensions remain to be explored — father—child

relations, sibling relationship experiences, extra-familial experiences. These aspects

of nonshared environment may be of greater importance for understanding chil-

dren’s development (Rowe & Plomin, 1981). Studies have shown that children in

middle childhood report very different experiences of their relationships with each

other (Boer, 1990; McGuire & McHale, 1993; Stocker & McHale, 1992), and that

these relationship experiences are linked to children’s adjustment (Daniels etal.,

1985). A recent study of paternal differential behavior points to the importance of

understanding the role of fathers here (Brody, Stoneman, & McCoy, 1992). In the

Colorado Sibling Study, we found that siblings have very different relationships

with their friends and teachers (see Dunn & McGuire, 1993). In addition,

differences in children’s extra-familial experiences were related to differences in the

siblings’ temperamental characteristics (McGuire, Dunn, & Plomin, 1991). It is

likely that differences in extra-familial relations may become more importantas the

CAP children become older and spend more time outside the family (Dunn &

Plomin, 1990).

Another important set of differential experiences are major life events and

illnesses. A study of 40 sibling pairs showed that a numberof events such as school

problems, accidents, or illnesses were not directly experienced by both siblings at

the same time, although some of these events did have an impact on the other

sibling (Beardsall & Dunn, 1992). Moreover, 63%of the major life events that were

apparently shared by siblings (e.g., death or illness of a family member) had a

different impact on the two children. It may be that certain events are too

idiosyncratic to be important in development,like visits to the doctor. Temporary

illnesses such as winter colds may influence a child’s life very little. On the other

hand, chronic hay fever or asthma may havelarge effects by restricting a child’s

activities. A recent study by McHale and Pawletko (1992) showed that the links

between nonshared experiences and children’s well-being were different for children

with disabled siblings, than for those with nondisabled siblings. Being treated better

than one’s sibling was associated with higher anxiety for those with disabled

siblings; however, for those with nondisabled siblings, preferential treatment

resulted in lower anxiety. This suggests that families with chronically ill or disabled
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children may be viewed as a different context for other dimensions of sibling
differential experiences, and that illness and disabilities should be studied as forms
of nonshared environment.
Understanding the nature of nonshared experiences over time will not be an easy

task for researchers. Studies are already moving beyond the focus on maternal
behavior that until recently has been the most frequently investigated source of
nonshared environment (e.g., Brody et al., 1992). However, longitudinal studies
such as the CAP are needed to unravel the direction and strength of these
associations. Such studies may help us to better grasp the complex nature of
siblings’ different lives inside the family.



16 Sibling Relationships
in Childhood and
Adolescence

 

Clare Stocker
Judy Dunn

In this chapter we explore three aspects of sibling relationships: (1) stability and

change in relationship characteristics as younger siblings make the transition from

early childhood to middle childhood and as older siblings move from middle
childhood to early adolescence; (2) the connections betweensibling relationships and
children’s relationships with parents; and (3) genetic influence on children’s sibling
relationships. Because the Colorado Adoption Project is one of the first studies to
investigate sibling relationships longitudinally from childhood to adolescence andis
the only study to include both adoptive and nonadoptive siblings, it offers a unique
opportunity to study these aspects ofsibling relationships that have not previously
been investigated.

Stability and Changein Sibling Relationships

The longitudinal design of the Colorado Adoption Project (CAP) allows us to
examine stability and change in individual sibling relationships, as well as mean
differences in relationships of siblings of varying ages. Previous research has shown
that there are marked differences between pairs of siblings in characteristics of their
relationships (Dunn, 1983). Some siblings have relationships characterized by high
levels of cooperation and affection whereas other siblings are competitive and
conflictual. In this chapter, we examine whether differences such as these are stable
across a four-year interval.







Sibling Relationships 217

Stocker et al., 1989) and maternal rejection and control with more negative sibling
relationships (Brody et al., 1987; Patterson, 1986; Stocker et al., 1989). But the

connections between parent-child relationships andsibling relationships are notal-
ways simple. Research on infants and preschool-aged siblings has shown thatfirst
born daughters who had particularly close relationships with their mothers before
the birth of their second child behaved with relatively high levels of negative
behavior toward their new siblings (Dunn & Kendrick, 1982). Research on young
children has also found that the way mothers talked to their older children about
the new infant was related to the quality of the relationship that later developed
between the children. Siblings developed closer relationships in families in which
mothers talked with the older sibling about the infant sibling’s feelings (Dunn &
Kendrick, 1982; Howe & Ross, 1990). Clearly there are a numberof processes that

may operate to link parent-child relationships and sibling relationships, and these

processes may vary for different relationship dimensions and at different develop-

mental stages (Dunn, 1988).

One of the most important findings to come out of recent research on sibling

relationships is that in addition to the quality of each sibling’s relationship with his

or her parent, differences in parents’ behavior to siblings are associated with

variations in the quality of sibling relationships (Dunn & Plomin, 1990). Results

from a number of studies form a consensus that in families in which parents are

differentially affectionate or controlling to their children, siblings have more

conflictual relationships than in families in which they are treated similarly (Brody

et al., 1987; Bryant & Crockenberg, 1980; Hetherington, 1988; McHale & Pawletko,

1992: Stocker et al. 1989). Researchers have yet to determine the process that links

differential parental treatment to increased sibling conflict. Children may observe

inequities in their parents’ behavior toward them andtheirsiblings, feel jealous, and

in turn behave aggressively to their brothers andsisters. It is also possible that in

families in which one sibling is particularly hostile to the other, parents respond by

being more punitive or less affectionate to that child than to his orhersibling.

The issue of whether connections between parent-child relationships and sibling

relationships change over children’s development has not been previously studied.

As children enter middle childhood and adolescence their focus may shift to

relationships outside the family and the connections between parent-child relation-

ships and sibling relationships may weaken, while the links between sibling and peer

relationships may become stronger. On the other hand, given the early importance

of parent-child relationships for sibling relationships, the links between these

relationships may persist across development. Changesin parents’ own development

also could be related to changes in children’s family relationships, including their

sibling relationships.

Genetic Influence on Sibling Relationships

In addition to children’s developmental levels and their relationships with parents,

the degree to which siblings are genetically related may be linked to characteristics

of their relationships. If children’s behavior to their siblings is influenced in part by
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traits that are heritable, nonadoptive siblings, who share approximately 50%of their
heritable material, should behave more similarly to each other than adoptive

siblings, who are genetically unrelated. Additionally, if genetically influenced

characteristics elicit particular behaviors from parents, nonadoptive parents would

be likely to treat their children more similarly than adoptive parents. Finally, some

researchers working in the sociobiological tradition suggest that family members

who aregenetically related will be more altruistic and less hostile toward each other

than family members who are not genetically related (see Smith, 1987). If this

hypothesis is true, there should be group differences in sibling warmth and hostility

for adoptive and nonadoptive siblings. To investigate this, in addition to comparing

the correlations of adoptive and nonadoptive sibling and maternal behavior, we

examined mean differences in sibling behavior in adoptive and nonadoptive

families.

Wehave already investigated genetic influence on siblings’ and parents’ behavior
in early childhood (Rende, Slomkowski, Stocker, Fulker, & Plomin, 1992). In this

chapter, we extend these analyses to examine genetic influence when older siblings
have entered adolescence and younger siblings have reached middle childhood.
To reiterate and amplify the three aspects of sibling relationships on which we

are focusing. First, we consider the stability and change in characteristics ofsiblings’
relationships. We examine the impact of sibling structure variables, children’s
temperamental characteristics, earlier parent-child relationships and sibling rela-
tionships, and majorlife events on changesin sibling relationships. We also discuss
mean differences in sibling relationship characteristics across the transitions from
early childhood to middle childhood for younger siblings and from middle child-
hood to early adolescence for older siblings. Second, we explore links between
sibling relationships and parent-child relationships and pay particular attention to
differences in parents’ relationships with siblings. We investigate whether these
connections among family relationships change across development. Finally, we
consider possible genetic influence on children’s behavior to their siblings and on
parents’ behaviortosiblings.

Method

Sample

The sample includes 118 families participating in the Colorado Sibling Study
(CSS), a subproject of the Colorado Adoption Project. Families were visited in their
homes on two occasions. At the first time of measurement (Time 1) older siblings
were 7; years old and youngersiblings were 45 years old on average. At the second
data collection point (Time 2)older siblings were 1] years old and youngersiblings
were 8 years old on average. There were 28 brother—brother sibling pairs, 23
sister—sister pairs, 30 older brother—youngersister pairs, and 37 older sister—younger
brother pairs. Seventy-three of the sibling pairs were from two-child families, 35
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were from three child families, and 10 were from families with four or more
children. Fifty-two of the sibling pairs were in adoptive families and genetically
unrelated to each other; 66 of the sibling pairs were in nonadoptive families and
were genetically related. It should be noted that in the analyses that follow, sample
sizes vary because data were not always available on the full sample.

Procedure

One of the strengths of the Colorado Sibling Study is that we were able to collect
multiple measures of each relationship, including both observational data and
mothers’ and children’s interview responses. At each homevisit, mothers andsiblings
were interviewed about their relationships. During the first homevisit, siblings and
mothers were videotaped while they participated in structured activities for 30
minutes, and siblings were observed while they interacted for 30 minutes in an
unstructured setting. Children participating in the CSS also completed regular
yearly CAP assessments. In this chapter we use a measureoflife events that older
siblings and mothers completed during the summerafter older siblings had finished
first grade (in most cases the CAP assessment occurred within a year of the CSS
assessment).

Measures

Sibling relationships At Time | and Time 2, mothers were interviewed about their

children’s sibling relationships, using the Maternal Interview of the Sibling Rela-

tionship (Stocker et al., 1989). Mothers were asked 17 open-ended questions about

the frequency of particular behaviors their children directed toward each other.

Interviewers rated mothers’ responses on 6-point Likert scales ranging from

0 =almost never/rarely to 6=regularly/just about every day. The interview

yielded two scales: Warmth and Hostility/Rivalry. The internal consistency alphas

of the Warmth and Hostility scales were .44 and .73 respectively for older siblings

and .52 and .66 for youngersiblings at Time 1, and .59 and .64 respectively for

older siblings and .64 and .71 for younger siblings at Time 2. For some analyses, older

siblings’ and younger siblings’ scores were summed to create dyadic Warmth and

Hostility/Rivalry scores.

During the Time 1 homevisit, siblings were videotaped while they played six

games together, with their mothers present. The games were designedtoelicit

particular behaviors such as cooperation and competition (see Stocker et al., 1989

for a full description). Each sibling’s behavior to the other was rated on four 5-point

Likert scales: Conflict, Cooperation, Control, and Competition. Dyadic scores were

created by summingolder siblings’ and youngersiblings’ scores on each of the four

scales. During the Time 1 home visit, siblings were also observed while they

interacted in a 30-minute unstructured setting. Children’s behavior was coded by

the observer during the session and their conversation was audiotaped and coded

later. Coded behaviors and conversational turns were summedto create a positive
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To recapitulate, measures of parental behavior included at Time 1: assessments
of mothers’ control, affection, attention, and responsiveness to each sibling during
the videotaped observations, differences in maternal control, affection, attention,
and responsiveness to siblings, and mothers’ interview reports about differences in
their control and affection to siblings. Measures of parental behavior at Time 2
included: mothers’ interview responses about differential control and affection, and
children’s interview reports aboutsatisfaction with differences in their mothers’ and
fathers’ behavior to them and their siblings.

Temperament During the Time 1 maternal interview, mothers reported on chil-
dren’s temperamental characteristics using an interview based on Buss & Plomin’s
1975 temperament dimensions. Mothers’ responses to questions abouteachsibling’s
Activity, Fear, Anger, Sociability, Shyness, and Emotionality were rated by the
interviewer using 5-point, low-high Likert scales.

Life events Mothers and older siblings completed the Social Readjustment Rating
Scale (Coddington, 1972) as part of their annual CAP assessment during the
summerafter older siblings had finished first grade. Mothers indicated which of 33
stressful events occurred in the child’s life during the past year. Items included
events such as death ofa significant other, hospitalization or health problems, school
and family problems, change in the family’s financial status, and the birth of a
sibling. Mothers and children then used 0-3 low-high scales to rate the degree of
upset each event caused the child. Total scores for the number of events that
occurred and the degree of upset were created from mothers’ reports. A total score
for degree of upset was created from oldersiblings’ responses.

Results and Discussion

Stability and change in sibling relationships

Ourfirst set of analyses examinesthe stability and change in individual differences
in sibling relationships. We then examine mean differences in siblings’ behavior to
each other across the four year transition from Time 1 to Time 2. In this section
we consider mothers’ reports about sibling relationships because these measures
were the same at the two timeperiods.

Individual differences Correlational analyses revealed that there was some stability
in children’s behavior to their siblings across the four-year period. Correlations for
mothers’ reports of children’s warmthto their siblings were r = .51 for older siblings
and r= .41 for younger siblings (both significant at p < .05). Mothers’ reports of
children’s hostility to their siblings were also significantly associated across the two
time periods: r = .33 for older siblings and r = .37 for younger siblings. Children’s
hostile behavior was slightly less stable than their warmth, although the difference
between these correlations was not significant.
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Sibling measure Sibling measure Variance unique to other

Time 2 | Time 1 R? F Time 1 measure R? F

Older siblings

Warmth OS Warmth R? = .26* 1.0 = 28.13 YS Activity R?=.05* Fy, 73= 6.12

YS Fear R? = .05* Fy73 = 5.09

YS Hostility R?=.06* F,7= 7.09

Hostility OS Hostility R?=.11* F,o= 9.90% OS Activity R?= .07*

=

F,23= 6.78

Differential maternal control R?=.07* Fi= 6.68

YS Hostility R?=.05* Fin = 4.45

Youngersiblings

Warmth YS Warmth R? = .17* Fg = 16.03 OS Anger R? = .05* Fi, = 5.09

OS Fear R? = .05*

=

Fy= 5.13

YS Fear R?=.05* Fiz = 5.45

OS Warmth R? = .05*

=

Fix = 5.10

YS Hostility R? = .06* 1.77 = 6.00

Hostility YS Hostility R? = .14* Fy 79 = 12.79 OS Emotionality R?=.05* =F, 77 = 4.48

Differential maternal affection R’=.06% Fin= 5.47

=

TTT

Note: Only Time 1 variables that accounted for significant variance in Time 2 sibling measures are included in the table.

*» < .05 OS = older sibling; YS = younger sibling.
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in parents’ relationships with each sibling could contribute to the stability ofsiblings’ behavior across the two time periods. Children’s stable temperamentalcharacteristics could be partially responsible for these high correlations if theyinfluence children to behave similarly to their siblings over time. Additionally,siblings may develop patterns of interaction that are stable despite the develop-mental changes each child experiences across the four-yearinterval. Finally, as thesedata are based on maternal reports at Time | and Time 2,it is possible that thesignificant correlations may be due in part to consistencies in mothers’ perceptions
across time. Although the correlations between siblings’ behavior at the two time
periods are significant, siblings’ behavior at Time 1 explained only between 11%
and 26%of the variance in siblings’ behavior at Time 2. Thus these correlations
can be interpreted to suggest that thereis change as well as stability in children’s
behavior to their siblings across the four-year interval.
To investigate changein sibling relationships we adopted a two-stagedata analysis

Strategy to explore two models of change. First, we examined associations between
measures of family structure (children’s gender, age, adoptive status, the gender
composition ofthe sibling dyad, and the age difference between siblings), children’s
temperament, maternal behavior, and sibling behavior collected at Time 1 and
measures of sibling relationships collected at Time 2. Because connections be-
tween measures collected at Time | and sibling behavior at Time 2 could be due to
stability of sibling behavior over time, we conducteda series of hierarchical multiple
regression analyses to examine how much variance in sibling relationship measures
at Time 2 was explained by these variables after measures of sibling behavior at
Time 1| had been entered into the equations.

In the second stage of data analysis, we correlated Time 1 variables that explained
variancein sibling relationship measures at Time 2 with measures of changein sibling
relationships. Positive change scores mean children becomeless warm orless hostile
between Time | and Time 2 and negative scores indicate that siblings became more
warm or more hostile across this transition. This two-stage procedure enabled us to
examine two models of change; first, how much of the variance in Time 2 sibling
measures was explained by particular Time 1 measures, and second, whether the
Time | measure was associated with positive or negative changesin sibling behavior.
Table 16.1 describes the results of the first type of analysis. The first row shows

the results of predicting older siblings’ warmth at Time 2 from older siblings’
warmth at Time | and from structure, temperament, maternal, and youngersibling
behavior measures at Time 1. The last column of Table 16.1 indicates that three of
these variables accounted for significant variance in older siblings’ warmth at Time
2 after older siblings’ warmth at Time 1 was taken into account. All of these predictors
involved youngersibling characteristics at Time 1: activity, fear, and hostility.

Variance in older siblings’ hostility at Time 2 was explained by measures of
youngersiblings’ hostility, differences in maternal control, and older siblings’ activity
at Time |. For youngersiblings’ warmth at Time 2, unique variance was explained by
Time | measuresofolder siblings’ anger and fear and youngersiblings’ fear. Younger
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siblings’ hostility at Time 1 and older siblings’ warmth at Time | also accounted for

unique variance in younger siblings’ warmth at Time 2 (see Table 16.1). Earlier

measures of differences in maternal behavior and family structure variables were not

associated with youngersiblings’ warmth to older siblings at Time 2. Results in Table

16.1 indicate that younger siblings’ hostility at Time 2 was associated with older

siblings’ emotionality and differences in maternal affection at Time I.

Table 16.2 presents data from the second type of analysis. Correlations between

changein sibling relationships and Time 1 measures of sibling temperament, sibling

behavior, and maternal behavior are included in the table. The first column in

Table 16.2 presents correlations between changes in older siblings’ warmth and

Time 1 measures. Decreases in older siblings’ warmth over time were associated

with younger siblings’ fear and activity and youngersiblings’ hostility at Time l.

The second column in Table 16.2 indicates that decreasesin older siblings’ hostility

over time were associated with youngersiblings’ hostility and older siblings’ activity

at Time 1. Differences in maternal control were associated with increases in older

siblings’ hostility over time. Older siblings who received more maternal control than

youngersiblings at Time | became more hostile toward their siblings by the second

time of measurement. Correlations in the third columnreveal that Time 1 measures

of temperament and older siblings’ warmth and younger siblings’ hostility were

associated with decreases in younger siblings’ warmth over time. The final column

of Table 16.2 presents correlations between Time | measures and changes in

younger siblings’ hostility. Older siblings’ emotionality was associated with de-

creases in younger siblings’ hostile behavior over time.

Table 16.2 Correlations between sibling change scores and Time 1 measures

eerenertiSSSS
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Time 1 measures Sibling change scores

Older sibling Younger sibling

Warmth Hostility Warmth Hostility
ee

Sibling relationship (N = 82)

Older sib. Warmth .40*

Youngersib. Hostility .35* .43* .31*

Sibling temperament (N = 82)

Older sib. Emotionality .25*

Older sib. Anger .26*

Older sib. Fear 20

Younger sib. Fear .26* .27*

Older sib. Activity 13

Youngersib. Activity .33*

Maternal differential behavior

Affection (N = 77) —.02

Control (N = 80) —.19

srer

S
S

Notes: Positive change scores indicate that sibling warmth or hostility decreased between Time

1 and Time 2. Negative change scores mean that warmth or hostility increased between Time |

and Time 2. Only Time | variables that accounted for significant variance in Time 2 sibling

measures are includedin thetable.

*p < .05.
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characteristics of children’s behavior to their siblings. It 1s also possible that early

sibling behavior influenced the life events: sibling hostility could lead to marital

discord, for example, which could in turn influence children’s behaviorto their siblings.

In summary, longitudinal analyses showed that there was both stability and

change in sibling relationships over time. Individual differences in changes in

siblings’ warmth and hostility were associated with earlier measures of children’s

temperamental characteristics, sibling behavior, maternal differential behavior, and

stressful live events.

Mean differences We next examined whether there were mean differences in

children’s sibling relationships from Time 1 to Time 2. A repeated measures

ANOVAindicated that older siblings were reported by mothers to be significantly

less positive to their younger siblings at Time 2 than at Time 1 (Fi; = 40.45,

p < .05) (see Table 16.3 for means). They were also significantly less negative

toward their younger siblings at the second time point than at Time 1

(Fis: = 15.76, p < .05). Like older siblings, younger siblings became less positive

and less negative to their siblings across the two time points. The differences in

younger siblings’ behavior, however, were not significant. These findings suggest

that as they enter adolescence, children may become moreindifferent toward their

siblings and both the positive and negative behavior they direct toward them may

decrease. When they reach adolescence, older siblings may place more emphasis on

their peers and spend less time with their younger siblings. Younger siblings as a

group, on the other hand, do not appear to change the warmth and hostility they

direct to their older siblings as much when they move from early childhood to

middle childhood. There were no significant group differences in younger siblings’

behavior to their brothers and sisters at Time 1 and Time2.

Table 16.3 Means ofsibling relationship measures at Time 1

and Time 2

Sibling relationship measure: Mother report Time 1 Time 2

Mean Mean

Older sibling (N = 82)

Warmth* 18.17 15.26

Hostility* 8.50 6.51

Youngersibling (N = 82)

Warmth 16.89 15.86

Hostility 8.17 7.68

* Significantly different between Time 1 and Time 2, p < .05.

Links betweensibling relationships and parent-child relationships

The next question we addressed was whether there were links between parent—

child relationships and sibling relationships and if these associations changed from

Time 1 to Time 2. At the first time of measurement, when onaverage older siblings
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were 7 years old and younger siblings were 4 years old, there were many connections
between mothers’ behavior to children and dyadic measures of children’s sibling
relationships (father—child relationships were not measured at this time point).
Table 16.4 shows that mothers’ controlling behavior and attention to children,
assessed during the videotaped observations, was associated with more competitive
and controlling behavior between siblings. These findings suggest that the connec-
tions between parent-child relationships and sibling relationships are congruous
rather than compensatory. Siblings did not develop closer relationships to compens-
ate for conflict in their relationships with mothers. It is unclear if mothers’
controlling behavior caused the siblings to behave more negatively to each other or
if mothers responded to siblings who were competitive and controlling by directing
more negative behavior to them. Whatever the causal direction ofthese associations,
they fit with results from other studies showing increasedlevels of sibling hostility
in families with rejecting and controlling mothers (Brody et al., 1987; Patterson,
1986; Stocker & McHale, 1992).

Table 16.4 Correlations betweensibling relationships and maternal behavior at Time 1eee
Maternal behavior Dyadic measures ofsibling relationshipseee

eee

Video observation Maternal interview

 

Competition Cooperation Control Warmth

—

Hostility

 

Video observation (N = 96)
Direct behavior to older

sibling

Control .30* — .04 .27* 17 —.07

Attention 18 .03 .06 16 .08

Direct behavior to

youngersibling

Control 39% — =.20 .30* .06 —.01

Attention 44* -—.17 .29* 05 .09

Differential behavior |

Dif. control .22* —.21* 12 —.16 12

Dif. affection 18 10 .22* —.02 12

Dif. attention .34* —.20 19 14 14

Dif. responsiveness .24* —.02 .34* —.24* —.11

Maternal interview (N = 118)

Dif. affection — .03 — .03 .00 17 10

Dif. control .00 — .04 — .03 —.22* —.07

Note: For the video and interview measures of differential treatment, high scores indicate that mothers

directed more of the behavior to older siblings than to youngersiblings.

*5 < .05.

At both Time 1 and Time 2, there was more negative and less positive behavior

between siblings in families in which mothers treated siblings differently on
measures of control and affection than in families in which motherstreated siblings

similarly (see Tables 16.4 and 16.5). At the second observation, children rated how
satisfied they were with differences in their parents’ behavior to them and their



Table 16.5 Correlations between sibling relationships and parental differential treatment at Time 2
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Maternal interview

Child

interview

Older Younger Older Younger

Parental treatment Warmth Hostility Warmth Hostility Warmth Hostility Warmth Hostiltty
=ostin

ty

Maternal report (N = 118)

Dif. control —.07 14 07 — .26* 01 01 03 01

Dif. affection .20* 01 — .04 .00 —.01 .30* —.00 07

Older sibling report

Satisfaction with maternal dif. (NV = 118) .05 —.10 —.01 —.16 30* —.26* .16 19

Satisfaction with paternal dif. (N = 117) .21* .02 16 — .04 .06 —.05 Ol — .09

Youngersibling report .

Satisfaction with maternal dif. (N = 114) .04 —.14 — .04 — .04 .20* — .09 21" 18

Satisfaction with paternal dif. (N = 110) — .02 —.07 — .06 — .03 16 — .06 28 —.25
chee

r

Note: High scores on mothers’ reports indicate they directed more of behavior to older siblings than to younger siblings.

*p < 05.
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siblings. Children who were moresatisfied with how their mothers and fathers
treated them compared to how they treated their siblings reported being more
affectionate and less hostile to their siblings than other children (see Table 16.5).
The pattern of associations between sibling relationships and parent-child rela-

tionships was similar at Time | and at Time 2. At both time periods, differential
parental behavior was associated with increased negativity in the sibling relationship
(parents’ direct behavior to each sibling was not assessed at Time 2). The
importance of parents’ differential behavior for sibling relationships appears to
remain strong, rather than diminish, as children reach adolescence.
The process that links differences in parental behavior to increased levels of

conflict in sibling relationships has not been established. Children may observe
differences in their parents’ behavior and respond to these inequities by directing
negative behavior to their siblings. Alternatively, parents may respond to a child
whois hostile to his or her sibling by controlling that child more than his brother
or sister. It is also likely that these influences are bidirectional. These findings add
to those already in the literature by showing that in early adolescence, as has been
shownin childhood (Brodyet al., 1987; Stocker et al., 1989), differences in parents’
behavior to siblings were associated with increased levels of sibling hostility. These
findings also show for the first time that children’s satisfaction with fathers’, as well
as mothers’, differential behavior was related to the quality of their sibling
relationships.

Genetic influence on sibling relationships

In addition to children’s developmental level, relationships with parents, tempera-
ment, and major life events, siblings’ genetic similarity may be associated with
characteristics of their relationships. If genetic factors influence children’s behavior
with their siblings, one would expect that genetically related siblings would treat
each other more similarly than siblings who are not related genetically. The same
logic holds for parental behavior.
Wehave examinedthis issue with data collected at thefirst time point of the CSS,

when on average older siblings were 7 years old and younger siblings were 4 years
old (Rende et al., 1992). Fisher Z tests were used to test the significance of
differences between adoptive siblings’ and nonadoptive siblings’ correlations for
sibling and parental behaviors. Table 16.6 shows that there was genetic influence on
some behaviors children directed toward their siblings and on some maternal
behaviors. Nonadoptive siblings were more similar to each other on maternal reports
of warmth and hostility and on the positive measure from the unstructured
observation than adoptive siblings. Mothers treated nonadoptive siblings more
similarly on attention and control than they treated adoptivesiblings.
At the second observation point, mothers’ reports of sibling hostility showed

significant genetic influence. Nonadoptive siblings were significantly more similar
to each other than were adoptive siblings (Fisher Z = 2.16, p < .05). Unlike the
results from Time 1, mothers’ reports of sibling warmth were not genetically
influenced at Time 2. Children’s reports about warmth and hostility in the sibling
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relationship did not show genetic influence. Results for the Warmth dimension were

in the direction of genetic influence but those for Hostility showed the opposite

pattern (see Table 16.6).

Table 16.6 Adoptive siblings’ and nonadoptive siblings’ correlations for sibling behavior

and maternal behavior at Time | and Time 2
A

 

Measure | Adoptive siblings Nonadoptive siblings

Time 1 (N = 57) (N = 67)

Maternal report of sibling behavior

Warmth* 62 81

Hostility* 65 85

Videotaped observation of sibling behavior

Cooperation 81 16

Competition 46 .66

Conflict 85 91

Control 28 .36

Videotaped observation of maternal behavior -

Control* 65 .86

Affection 91 .88

Attention* 36 71

Responsiveness .94 95

Unstructured observation of sibling behavior

Positive* .63 85

Negative 62 19

Time 2 (N = 52) (N = 66)

Maternalreport of sibling behavior

Warmth 72 17

Hostility* 29 .61

Child report of sibling behavior | (N = 46) (N = 63)

Warmth 39 51

Hostility 49 25

 

* Correlations significantly different for adoptive siblings and nonadoptivesiblings, p < .05.

At the first time of data collection, there were no group differences between

adoptive and nonadoptive families on any of the measures of maternal or sibling

behavior. There were also no significant differences in the mean levels of adoptive

and nonadoptive siblings’ warmth or hostility at Time 2. Thus, sociobiological

theory suggesting that genetically related family members will behave more posit-

ively and less negatively than genetically unrelated family members was not

supported either when siblings were in early and middle childhood or when older

siblings had entered adolescence.

Previous studies have found that children’s and adults’ perceptions of their family

relationships are genetically influenced to some degree (Plomin, McClearn, Peder-

son, Nesselroade, & Bergeman, 1988; Rowe, 1983). Results from the CAP are

especially important because they show genetic influence on mothers’ andsiblings’

observed behavior, rather than simply on their perceptions. Taken at face value,

results suggest less genetic influence on sibling relationships at Time 2 than at Time 1.
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these differences in parents’ behavior are related to individual differences in

children’s relationships with siblings.

The final issue we addressed in this chapter was whethersibling relationships are

genetically influenced. Results indicated genetic influence for some, but not all,

dimensions of children’s behavior to siblings and mothers’ behavior to children.

Given the small sample size in the CSS, we were unable to determine if genetic

influence on sibling relationships changed across children’s development. Further

research using larger samples is needed to clarify this issue. There were no group

differences between adoptive siblings’ and nonadoptive siblings’ relationships at

Time 1 or at Time 2. Thus, our findings do not support sociobiological theories

suggesting that genetically related siblings will behave morealtruistically toward one

another than genetically unrelated siblings. These results should alleviate fears that

some adoptive parents may have abouttheir children’s sibling relationships.

In summary, we found bothstability and change in children’s sibling relationships

across transitions in childhood and adolescence. Children’s genetic similarity and

characteristics of their relationships with parents were related to individual differ-

ences in sibling relationship quality. These findings from the Colorado Adoption

Project have provided the first steps toward clarifying the nature of developmental

changes and genetic influence on sibling relationships and have demonstrated that

the connections between sibling relationships and differential parental behavior

remain strong as children grow from childhood to adolescence.
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Julia M. Braungart

The purposeof this chapter is to use the sibling adoption design to examine whether
measures that are typically used to assess children’s family environments are
influenced genetically. Measures of the environment include the HOMEat ages 1-4
(Caldwell & Bradley, 1978), children’s self-perception of their family environment
at age 7 (FES: Moos & Moos, 1981), and mothers’ reports of parentingstyle at ages
7 and 9 (Parent Report: Dibble & Cohen, 1974). Furthermore, it is possible that
children’s genetically influenced attributes, such as temperament, affect their
environment. Thus, a secondary goal of this chapter is to explore the degree to
which antecedent and contemporaneous measures of temperament using maternal
reports (CCTI: Rowe & Plomin, 1977) and tester ratings (IBR: Bayley, 1969) are
correlated with environmental measures, and whether such associations are mediated
genetically. Environmental measures and developmental outcomes are presented in
the next chapter, and parent-offspring analyses of genetic involvement in associa-
tions between an index of the environment and children’s IQ are reported in
Chapter 19. |
A myriad of studies have provided correlational evidence demonstrating that

children’s cognitive, emotional, social, and dysfunctional developmentare associated
with qualities in the family environment, such as parenting styles, family relation-
ships, and physicalattributes in the home(e.g. Ainsworth, Blehar, Waters, & Wall,
1978; Baumrind, 1971; Belsky, 1984; Caldwell & Bradley, 1978; Emery, 1982; Moos,
1976; Wachs, 1992; Wachs & Gruen, 1982). Presently, most developmentalists also
accept the possibility that socialization is not a one-way process. That is, children
may contribute to their own environment(Bell, 1968). However, few studies pay
more than lip service to this possibility. Because individuals and their family
members participate in the family environment, genetic as well as environmental



234 Genetic Influences on “Environmental” Measures
I

factors may contribute to aspects of the home environment. The main purpose of

the present investigation is to examine genetic and environmental influences on

measures of infants’ and children’s family environments by using the sibling

adoption design.

Recently, research using quantitative genetic methods has found genetic influ-

ences on measures of the environment when environmental measures are treated as

phenotypes (Plomin & Bergeman, 1991). Thefirst two studies in this area assessed

adolescent twins’ perceptions of their family environments (Rowe, 1981, 1983). Both

studies found that identical twin correlations for self-report measures of parental

warmth were greater than fraternal twin correlations, suggesting genetic influence.

Similar results were found in a study of middle-aged adult twins’ retrospective

reports of their childhood rearing environments (using Moos and Moos’s (1981)

Family Environment Scale) in a study that included twins reared apart as well as

twins reared together (Plomin, McClearn, Pedersen, Nesselroade, & Bergeman,

1988). Such findings suggest that genetic factors influence perceptions of family

environments and/or that family members respond to genetically mediated charac-

teristics of twins.

Studies employing observational methods to assess genetic mediation of family

environments eliminate the possibility that effects are merely due to subjective

perceptions. The results of a small twin study of parental behavior indicated that

parents respond to genetically influenced characteristics of children (Lytton, 1977,

1980). Similarly, observer ratings of maternal behavior demonstrated that genet-

ically related siblings at ages 1, 2, and 3 were treated more similarly by their mothers

than were adoptive siblings (Dunn & Plomin, 1986; Dunn, Plomin, & Daniels,

1986). In addition, a previous analysis of sibling adoption data in the CAP on the

widely used Home Observation for Measurement of the Environment (HOME:

Caldwell & Bradley, 1978) indicated that the total HOMEscore was genetically

influenced at ages 1 and 2 (Braungart, Fulker, & Plomin, 1992).

The present study extends the search for genetic influence on environmental

measures in CAP.In addition to total HOMEscores during infancy, HOMEsubscales

and total scores will be examined during early childhood. Moreover, children’s

perceptions of their family environment at age 7 and parental report of their own

behavior toward their children at ages 7 and 9 will be investigated. A secondary goal

of this study is to explore the degree to which genetic influence on children’s

temperamentcan explain genetic influence on measures of the family environment.

Method

Sample

CAPsibling data at 1-4, 7, and 9 years of age were subjected to genetic analyses.

However, data from the entire sample of CAP children were used to estimate

longitudinal correlations as well as differences in means for status groups and

gender. The samples are described in more detail in Chapter2.
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Environmental measures

Observational ratings Caldwell and Bradley’s Home Observation for the Measure of
the Environment (HOME: 1978) was employed at ages 1-4 in the CAP. The HOME
involves both direct observations of the family environment by the interviewer and
reports given by the parent. The HOMEversionsused at ages | and 2 wereidentical,
whereas a nonstandard extension ofthe HOMEwas used at 3 and 4 because the
preschool version of the HOMEwasnotavailable at the time of testing (Plomin &
DeFries, 1985). Based on Caldwell and Bradley’s traditional dichotomous scoring, six
scales from the HOMEat 1, 2, and 3 included: Responsivity of Mother, Avoidance
of Restriction and Punishment, Organization of the Environment, Appropriate Play
Materials, Maternal Involvement, and Variety in Daily Stimulation. In addition,a
principal-component score was created, which consisted of the sum of 37 stand-
ardized items (see Plomin & DeFries, 1985). At age 4, somescales differed from
those scales in the earlier versions of the HOME: Language Stimulation, Warmth,
Avoidance of Punishment, Stimulation through Toys/Reading, Encouragement of
Social Maturity, and Variety in Daily Stimulation. A principal-component score
representing the sum of standardized itemsat age 4 was also used.

Self-report A child’s version of the Family Environment Scale (Moos & Moos,
1981), which assesses children’s perceptions of their family life, was administered
to each child when they were 7 years of age. I'wenty items constitute five scales:
Cohesion, Expressiveness, Conflict, Achievement, and Control.

Parental ratings Parents rated their own behaviors when each sibling was 7 and 9
years of age using Dibble and Cohen’s (1974) Parent Report. This measure consists
of eight socially desirable parental behaviors, and eight socially undesirable parent-
ing techniques. Theeight positive scales include: Acceptance of Child as a Person,
Child Centeredness, Sensitivity to Feelings, Positive Involvement, Acceptance of
Autonomy, Shared Decision Making, Consistent Enforcement of Discipline, and
Control through Positive Discipline. Eight negative scales are labeled Detachment,
Intrusiveness, Lax Enforcement of Discipline, Inconsistent Enforcement of Dis-
cipline, Control through Anxiety, Control through Guilt, Control through Hostility,
and Withdrawal of Relationship. In addition, factor analyses of these items
suggested that three factors were present: Acceptance, Inconsistency, and Negative
Control.

Temperament measures

Tester ratings Bayley’s (1969) Infant Behavior Record (IBR) was used to assess
children’s temperament during the administration of the Bayley Scales at ages 1 and
2, and the Stanford-Binet at 3 and 4. The three major factors included: Affect-
Extraversion, Activity, and Task Orientation.
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Maternal ratings Mothers rated their child’s temperament at each age using the

Colorado Childhood Temperament Inventory (CCTI: Rowe & Plomin, 1977). Three

scales identified as the EAStraits (Emotionality, Activity, and Sociability: Buss &

Plomin, 1984) are included in this measure.

Adjustment of scores and data reduction

To assess group (adopted versus nonadopted) and gender differences for each of the

environmental measures, five MANOVAs were tested with the following sets of

dependent measures: HOME subscales (1-4), HOMEprincipal-component scores

(1-4), child’s FES scales at 7, Parent Report subscales at 7 and 9, and Parent Report

summary scales at 7 and 9. Table 17.1 presents the F tests for the main effects for

adoptive status and gender. Comparisons of the means for environmental measures

by adoptive status and gender indicate that the adopted children received higher

scores than did nonadopted children on the HOME principal component at age 2,

Cohesion and Achievementscores on the FESat age 7, and Warmthat age 9. Boys

also received higher scores than girls for the Control scale on the parenting measure

at 7 and 9. Variance due to gender was subsequently removed from each measure

so that adjusted values represent equivalent scores for each gender. Theeffects for

adoptive status will be irrelevant because all further analyses will involve stand-

ardization within each status group, which removes differences in means between

groups.

Table 17.1 Multivariate analyses of variance testing for the effects

of adoptive status and gender on measures of the environment

rnc

Measure Group F(df) Gender F(df)

HOME(years 1-4)

Subscales F436 = 1.05 Fryy3e= «71

Total scores Fyo60 = 4.14** Fy669 = 1.17

Child’s FES (year 7) Fy63, = 2.28* F563, = .80

Parent Report (years 7 and 9)

Subscales F32327 = 1.45 Fy2327 = 1.59*

Summary scores F434 = 2.44" F434 = 3.05**
LL

*5 < 05, **p < .01.

Table 17.2 presents year-to-year longitudinal correlations for repeated scales.

On average, the HOME scales showed moderate stability from ages 1 to 2,

whereas correlations were lower from 2 to 3. The lower magnitude of correla-

tions from 2 to 3 years may reflect discrepancies between the actual HOME

instruments. In contrast, correlations for parenting styles from 7 to 9 were

moderately high.

To reduce the number of variables examined, equivalent HOME scales were

averaged from 1 and 2 to reflect the home environment during infancy. Although

the CAP HOMEscales at 3 were similar to those measuredat 1 and 2, the HOME
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scales at 4 are somewhat different, with the exception of Variety in Daily
Stimulation and the principal-component scales. Thus, measures of the HOME
environment during early childhood included the HOMEscales assessed at age 3
and the average of the scores at 3 and 4 years for Variety in Daily Stimulation and
the principal component.

Table 17.2 Longitudinal correlations for the HOME from 1-4 years of age and
Parent Report from 7 to 9 years ofage.

  

Measure Longitudinal Correlation

HOME(N = 544-704) Ages 1-2 Ages 2-3 Ages 3-4
Responsivity of Mother 42 .19 NA
Avoidance of Restriction and Punishment _—.28 —.07? NA
Organization of the Environment 29 .10 NA
Appropriate Play Materials 65 24 NA
Maternal Involvement 45 23 NA
Variety in Daily Stimulation 51 35 23
Principal component .64 .46 42

Parent Report (N = 356-372) Ages 7-9
Acceptance of Child 48
Child Centeredness .60
Sensitivity to Feelings 48
Positive Involvement 65
Acceptance of Autonomy 51
Shared Decision Making 49
Consistent Enforcement Discipline .63
Control through Positive Discipline 1
Detachment 36
Intrusiveness 37
Lax Enforcementof Discipline .67
Inconsistent Enforcement of Discipline 56
Control through Anxiety 58
Control through Guilt 62
Control through Hostility 65
Withdrawal of Relationship .66

Acceptance 72
Inconsistency 61
Negative Control .60
SSS

* Non-Significant correlations; all others are significant at p < .05.

Although the same measure for parenting style was used at ages 7 and 9, those
scales were not averaged for two reasons: (1) the sample size was substantially
smaller at age 9, which would result in some children’s scoresreflecting the average
of parenting at 7 and 9, whereas other children’s scores would only include the 7
year values; and (2) examining parenting during different stages of middle childhood
might yield interesting developmental results. Temperament scales were also
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averaged from 1 to 2 and from 3 to 4 to reflect temperament during infancy and

early childhood.

In sum, measures of the environment included seven HOME scales during

infancy, seven HOMEscales during early childhood, children’s ratings of the FES

at age 7 (five scales), 19 scales for parenting at 7, and 19 scales for parenting at age

9. Temperament measures included three CCTIscales and three IBR scales during

infancy and three scales from each measure during early childhood.

Results and Discussion

Is there genetic influence on environmental measures?

The main goal of this study was to explore whether measures of the environ-

ment in the CAP show genetic influence using the sibling adoption design. To test

genetic and environmental influences on such measures, intraclass correlations

were computed for adoptive and nonadoptive sibling pairs. Genetic influence is

implied when nonadoptive sibling correlations are greater than those for adoptive

siblings. Shared environmental influence is suggested when adoptive correla-

tions are substantial. In addition, model-fitting analyses of these data yielded

estimates of the magnitude of genetic and environmental variances, as well as a

chi-square, which tests the goodness offit of each model. To test whether genetic

and environmental parameter estimates were significant, chi-squares from reduced

models were compared to chi-squares from full models; a significant change in

chi-square indicates that the parameter excluded in the reduced model was

significant.

Intraclass correlations for adopted and nonadopted sibling pairs on the HOME,

FES, and Parent Report measures are presented in Table 17.3. During infancy,

correlations were greater (although not significantly) for nonadoptive than for

adoptive siblings on three HOMEscales: Maternal Involvement, Variety in Daily

Stimulation, and the principal-component score, which suggests genetic influence.

Both adoptive and nonadoptive sibling correlations are substantial for Respons-

ivity of Mothers, Avoidance of Restriction, and Organization of the Environment,

which suggests shared environmental contributions. Figure 17.1 depicts the compo-

nents of variance on the HOMEand FES measures based on maximum-likelihood

model-fitting analyses using LISREL VI (Joreskog & Sérbom, 1985). Components

of variance for Dibble and Cohen’s Parent Report appear in Figure 17.2 It 1s

noteworthy that all chi-square tests were non-significant (p < .05), which indicates

a good fit.

Figure 17.1 demonstrates that 20 to 30 percent of the variance is attributed to

genetic contributions for Maternal Involvement, Variety in Daily Stimulation, and

the principal component on the HOME during infancy, which confirms the

correlational findings. Although reduced models that excluded the genetic parameter
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Table 17.3 Intraclass correlations for measures of the environmenteee

  

Measure Correlations

Infancy Childhood

Adopted Nonadopted Adopted NonadoptedOE
HOME (NV = 86-100) (N= 91-108) (N= 80-93) (N= 75-103)
Responsivity of Mother .30* .32* 04 05
Avoidanceof Restriction and
Punishment .21* .18* .32* .38*

Organization of the
Environment .37* .30* .34* .21*

Appropriate Play Materials 04 02 .06 .07
Maternal Involvement .26* .42* .19* 10
Variety in Daily Stimulation .46* .61* .19* .52*
Principal component .37* .48* .47* .41*

FES Age 7
(N = 63) (N = 70)

Cohesion —.11 -.11
Expressivity .04 04
Conflict —.04 .16
Achievement .06 .23*
Control 06 15

Parent Report Age 7 Age 9
(N = 46-49) (N=49-51) (N=31-33) (N=43-46)

Acceptance of Child 12 .29* .45* .46*
Child Centeredness .36* .72* .43* .61*
Sensitivity to Feeling .57* .63* .33* .49*
Positive Involvement .38* .70* .28* .66*
Acceptance of Autonomy .40* .48* .37* .56*
Shared Decision Making .41* .39* .40* .59*
Consist. Enforce. Discipline .60* .65* .48* .65*
Control through Positive

Discipline .50* 47* .64* .56*
Detachment .06 47* 18 .36*
Intrusiveness .43* .28* ~.05 .65*
Lax Enforce. of Discipline .75* .64* .62* .55*
Inconsistent Enforce. Disc. .63* .66* .54* .65*
Control through Anxiety .58* .61* .38* .63*
Control through Guilt .56* .61* 54* 54*
Control through Hostility .40* .62* .34* .62*
Withdrawal of Relationship .63* .64* 47* .62*

Acceptance .42* .76* .52* .79*
Inconsistency .68* .56* .33* 57*
Negative Control .63* .74* .56* .48*i

*p < .05.
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* Genetic and / or shared environmental proportions of variance are significant (p < .05)

Figure 17.1 Components of variance based on maximum-likelihood model-fitting for the

HOMEand FES.



Genetic Influences on “Environmental” Measures 241eee

Age 7 Age 9

  

Environmental Genetic Environmental Genetic
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Cf] Percent shared environmental variance
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* Genetic and / or shared environmental proportions of variance aresignificant (p < .05)

Figure 17.2 Components of variance based on maximum-likelihood model-fitting for Parent
Report at 7 and 9.

did not yield significant changes in chi-squares from full models, results on the
HOMEduring infancy are interesting for descriptive purposes. In addition, shared
environmental contributions were present for all but Appropriate Play Materials.
Greater similarities for nonadoptive siblings’ scores on HOMEscales mayberelated
to mothers responding to genetic similarities in their children. Alternatively,
because nonadoptive infants are genetically related to their parents, greater simi-
larities between siblings on some of the HOMEscales may reflect greater parent—
offspring resemblance. For example, the HOME may berelated to parental
characteristics, which in turn are related genetically to infant attributes. This is a
form of “passive genotype—environment correlation” in which genes and the
environment are correlated. That is, because nonadoptive infants share genes and
environments with their parents, children can passively “inherit” environments as
well as genotypes (Bergeman & Plomin, 1988).
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yielded genetic effects greater than 30%. Genetic influence on parenting behavior
suggests that genetically influenced attributes in children may elicit different
parenting styles. Increases from age 7 to 9 in the number of scales that yielded
moderate to large genetic contributions may be related to developmental issues. For
example, three scales that showed substantial genetic influence at age 9, but not at
age 7, were Acceptance of Autonomy (e.g. “I am aware of his need for privacy”),
Shared Decision Making (e.g. “I let him help me decide about things that affect
him”), and Control through Anxiety (e.g. “I warn him about future punishments to
prevent him from acting badly”). Such parenting behavior may be less relevant for
younger, less cognitively-skilled children; thus, parents may be less inclined to
behave according to genetic differences in children. It is also interesting that the
summary factor for Control did not show significant genetic influence at either age.
This finding has been demonstrated elsewhere (Rowe, 1981, 1983). Parents may
have preconceived ideas about how much control should be exerted on children —
regardless of the child’s style.

Is there an overlap between children’s genetic variance on
temperamentand genetic components of family environment?

The second goal of this study was to examine whether temperamentplays a role in
children’s family environments, and if so, to what degree genetic influences on
antecedent and contemporaneous measuresof children’s temperament overlap with
genetic components on environmental measures. Based on model-fitting analyses of
temperament data, genetic influence on the IBR traits was non-significant for
Affect-Extraversion. However, model-fitting for Activity and Task Orientation
during infancy and childhoodyielded significant genetic effects: 58%of the variance
was due to genetic contributions for Activity during infancy and 62% during
childhood; for Task Orientation, 36% of the total variance was genetic during infancy
and 42%of the variance during childhood was dueto genetic effects. In contrast to
tester ratings, genetic influence on maternal ratings of temperament during infancy
or childhood was non-significant. Thus, the remainder of the results examining
genetic covariance between temperamentand environmental measuresare limited to
Activity and Task Orientation from the IBR during infancy and childhood.
The next step in examining bivariate relations involves the examination of

phenotypic correlations between measures of temperament and the environment.
Rather than presentingall possible combinations of correlations, the exploration of
associations was limited to using the summary scores on the HOME during infancy
and early childhood (principal components) and the three general factors repres-
enting parenting styles at ages 7 and 9 (Acceptance, Inconsistency, and Negative
Control). In addition, because the HOMEsubscale, Variety in Daily Stimulation,
showed consistent genetic variance over time, it too was included in the phenotypic
analyses. The child’s report on the FES at age 7 does notinclude a summaryscore;
therefore, correlations were examinedforall five subscales (Cohesion, Expressiveness,
Conflict, Achievement, and Control). Table 17.4 presents the phenotypic correlations
between Activity and Task Orientation with the HOME, FES, and Parent Report
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measures. Unless phenotypic correlations are observed in nonadoptive families,

genetic mediation is unlikely to emerge from bivariate sibling analyses. Correlations

that are lower in adoptive than in nonadoptive families suggest passive genotype—

environmentcorrelation. Although similar correlations in adoptive and nonadoptive

families suggest that passive genotype-environment correlation is unimportant,

reactive and active types of genotype-environment correlation may mediate the

association. All three types of genotype-environment correlations are assessed by

bivariate sibling analyses (Plomin,in press).

Table 17.4 Phenotypic correlations for adopted and nonadopted children for measures of

activity (Act.) and Task Orientation (Task) during infancy and early childhood with

measures of the environment
LO

  

Measure Adoptive Nonadoptive

Infancy Early Childhood Infancy Early Childhood

Act. Task

=

Act. Task Act. Task

=

Act. Task

Infancy (HOME) (N = 195-213) N = (214-232)

Principal component .27*  .27* O01 .06 .23* .28* .21* 15*

Variety in Daily

Stimulation 16*

=

.14* 12 .17* 04

=

.26* .20* .19*

Early Childhood

(HOME) (N = 187-199) (N = 198-224)

Princ. comp. 14*

—

.20* 02 .17* 12 .18* .08 .23*

Var. Stim. 07 07 —.06 05 -—.12 .04 13 15*

Age 7 (FES) (N = 151-156) (N = 178-179)

Cohesion —-10 -.09 —.07 —.15 10 -.07  -.05 —.08

Expressivity —.09 04 —.11 —.07 03 00 -.03 —.03

Conflict .00 .09 —.03 16 -05 11 10 .08

Achievement 03 -.01 05 ll 05 -.08  -.05 —.13

Control —.07 —.02 .06 5 —.07 .08 13 .06

Age 7 Parent Report (N = 130-138) (N = 146-155)

Acceptance -.09 -.10 —.06 —.09 —.03 .12 Al 04

Inconsistency —.06 08 .O1 —.10 —.02  .07 ~.08 - —.02

Negative Control -06 —.14 —.07 03 03 —.08 01 —.06

Age 9 Parent Report (N = 113-117) (N = 123-127)

Acceptance 02 -.05 —.01 02 —.06 .02 .26* 14

Inconsistency —.01 ll —.08 —.07 14 -.04 -.28* -.06

Negative Control —.08 .04 —.05 .O1 04 -.03 -.05 —.05
Se
,

*» < .05.

Nonadopted and adopted children’s scores on Activity and Task Orientation

during infancy and early childhood were significantly correlated with Variety in

Daily Stimulation and the principal component during infancy. Activity in early

childhood was related to HOMEscores for nonadopted but not for adopted

children. The correlations are positive, indicating that children who exhibit greater

levels of activity and task orientation during a semi-structured situation are more

likely to receive greater stimulation and experience a higher overall quality of the

home environment. In addition, Task Orientation during infancy and early child-
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hood was consistently positively correlated with the HOME principal-component
score during early childhood. Finally, greater levels of Activity during childhood
were associated with more acceptance andless inconsistent parenting at age 9 — for
nonadopted children. It is somewhat surprising that children who are higher in
activity receive greater acceptance and less inconsistent parenting, because activity
is often perceived as a negative attribute in children. However, during a testing
situation, moderately high activity may reflect excitement, whereas low levels of
activity may be indicative of passivity or disinterest.
As mentioned above, passive genotype—environmentcorrelation is implied when

phenotypic associations between child temperament and parenting are greater in
nonadoptive than in adoptive families. That is, associations between children’s
activity and parenting may reflect characteristics that are genetically shared by
parents and their nonadopted offspring. For example, greater levels of acceptance
may reflect enthusiasm for parenting; items in the Acceptance factor include “Itell
him how happy he makes me,” “I give him a lot of care and attention,” and “I like
to hug and kiss him.” Such enthusiasm maybegenetically correlated with children’s
active, enthusiastic styles.
Phenotypic correlations between temperament and the FES and Parent Reportat

age 7 were non-significant. It is somewhat puzzling that associations exist for
temperamentand parenting of 9-year-old children, but do not exist for temperament
and parenting of 7-year-old children. As previously mentioned, however, it is
possible that certain aspects of parenting are less relevant to 7-year-old children and
more salient for older children. Thus, parents may respond less to individual
differences in children for certain parenting behaviors.
The degree to which genetic and environmental factors mediate the covariation

between temperament and environmental measures can be assessed by fitting
matrices of data that include phenotypic and sibling correlations for temperament
and environmental measures. Such bivariate model-fitting techniques estimate
several common and specific genetic and environmental components of variance.
The model that was used in the present study, pictured in Figure 17.3, estimated
Six parameters: genetic, shared environmental, and nonshared environmental vari-
ance that is common to temperament and the environmental measure, as well as
genetic, shared environmental, and nonshared environmental variance that is unique
to the environmental measure.

Figure 17.4 depicts the percentages of components of variance for the bivariate
associations between the temperament and environmental measures. Each block of
four bars correspondsto the total genetic and environmental components of variance
for the environmental measure. For example, the first set of bars shows that 22%
of the variance on the HOMEis genetic (segment of bar that appears on theright
side of the axis), whereas the portion of the bar that lies left of the axis indicates
that 78% of the variance on the HOMEprincipal-component score during infancy
is environmental. In addition, approximately half of the environmental variance is
due to shared effects, and the remainder of the environmental component of
variance is associated with nonshared environmental effects. Note that these
percentages converge with the aforementioned univariate model-fitting results for
each environmental measure.
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Figure 17.3 Bivariate path model for temperament—environmentassociations. The three large

circles represent factors common to measures of temperament and the environment, and the

three smaller circles signify factors unique to the environmental measure. G = genetic factor,

E, = Shared environmental factor, and £, = Nonshared environmental factor.

The four smaller horizontal bars within each larger bar represent the breakdown

of variance for a given environmental measure that is common with variance on the

four temperament dimensions (Activity and Task Orientation during infancy and

during early childhood). For example, bivariate model-fitting results for the HOME

principal-componentscore during infancy and Activity during infancy indicates that

the genetic variance on the HOMEis primarily unique (17%), rather than in

common with genetic variance on Activity (5%). In contrast, all of the genetic

variance on the HOMEprincipal-component score during infancy is shared with

genetic variance for Task Orientation during infancy. For Variety in Daily Stimula-

tion, most of the genetic variance is unique to the environmental measure when links

are examined with temperament during infancy. However, bivariate model-fitting

results for Variety in Daily Stimulation and Activity or Task Orientation during

childhood indicate that all 30% of the genetic variance is shared with genetic

variance on the temperamentscales.

During early childhood, the HOME principal-component score showed no

genetic influence; thus, there can be no commonor unique genetic variance with

temperament indices. In contrast, 66% of the total variance for Variety in Daily

Stimulation was genetic. However, almost all of that variance was unique to the

measure, rather than shared with genetic variance on the IBR.

During middle childhood, a pattern similar to that of early childhood emerged:

45%of the variance for the Acceptance scale for parenting was genetic, and most

of that variance is unique to the Acceptance scale (44%for associations with infant

Activity, 45% for Task Orientation, 41% for Activity during childhood, and 32%

for associations with childhood Task Orientation). Similarly, Inconsistency yielded

48%genetic effects, with most of those effects unique to Inconsistency (42%, 46%,

48%, and 36%for bivariate associations with Activity and Task Orientation during

infancy and childhood, respectively).
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Figure 17.4 Components of variance based on bivariate maximum-likelihood model-fitting
analyses for temperament dimensions and environmental measures. Blocks comprising four
bars correspond to the total genetic and environmental components of variance for the

tal bars within each larger block represent the covariance for Activity during infancy, Task
Orientation during infancy, Activity during childhood, and Task Orientation during child-
hood with each environmental measure.
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Thus, genetic influences on environmental measures are diverse. For example,it

seems that temperament, as measured by the IBR,involves genetic systemsthat are

independent of those related to environmental measures. It is possible that other

temperament dimensions not included in this study are genetically related to

environmental measures. In addition, parental attributes that are genetically in-

fluenced may be responsible for creating the environments that children then

“inherit.” It is also possible that the characteristics of children or parents which

mediate genetic contributions to environmental measures are manifold.

Conclusions

The results of this study suggest that there is substantial genetic influence on

environmental measures from infancy to middle childhood. Multi-method assess-

ments of the environment yielded convergent findings: observational ratings during

infancy and early childhood, self-reports during middle childhood, and parental

reports during middle childhood were more similar for genetically related siblings

than for adoptive siblings.

An especially interesting outcome pertains to the increase from age 7 to 9 in the

numberof parenting scales that showed substantial genetic influence. Parents may

respond to different characteristics in their children depending on the child’s

developmental level. Children’s behavior may also change from age 7 to 9, thus

eliciting different parenting styles. It will be important to examine changes in

parenting as children enter adolescence. During this developmental period, which

has been characteristically identified as a stressful time, the degree to which genetic

factors contribute to parental style may change even further.

A second goal of this study was to examine possible genetic mediation of

temperament—environmentrelationships. Model-fitting results indicate that most

of the genetic influence on environmental measures is specific, rather than in

common with genetic factors on temperament. It is possible that temperament

measured during situations other than testing would yield different results. It is also

plausible that greater nonadoptive sibling resemblance on environmental measures

is reflective of genetic factors shared by parents and offspring (e.g. parental 1Q or

personality).

In conclusion, the longitudinal CAP design and data set have facilitated an

examination of the nature of nurture from infancy through middle childhood. The

results of this study contribute to the growing body of research that suggests that

genetic factors cannot be ignored when examining facets of family environments.
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in Early Childhood
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Jenae M. Neiderhiser

The previous chapter summarized evidence that measures of the family environment

can be influenced by genetic factors. Hundreds of investigations have related such

environmental measures to developmental outcomes(e.g., review by Wachs, 1992).

Never do these studies of genetically-related family membersconsider the possibility

that genetics might be involved in environment—outcomeassociations. Instead,it is

assumed that environment—outcome associations are due to environmental influ-

ences brought about by modeling or social learning.

The investigation of genetic mediation of environment—outcomeassociations has

been suggested as an important direction for future research on the topic of

“environmental genetics” (Plomin & Neiderhiser, 1992), and the hypothesis of such

mediation is especially fitting given the evidence for genetic influence on environ-

mental measures reviewed in the previous chapter. Genetic mediation of the

environment-to-outcome relationship has begun to be explored in the Colorado

Adoption Project (CAP). In oneof the first analyses of this kind, environment-to-

outcome associations for infants were compared in nonadoptive and adoptive

families. Correlations were generally higher in nonadoptive than adoptive families,

suggesting genetic mediation of environment-to-outcome associations (Plomin,

Loehlin, & DeFries, 1985). A multivariate extension of this approach included three
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environmental measures and three behavioral measures and found evidence for

genetic mediation (Thompson, Fulker, DeFries, & Plomin, 1986). Another study

found that the relationship between an objective measure of the home environment

and infant mental development showed a substantial amount of genetic mediation

(Braungart, Fulker, & Plomin, 1992). Finally, path analytic models of parent—off-

spring resemblance have been developed that incorporate environmental indices.

Analyses of home environment and IQ using this model suggest some genetic

mediation (Chapter 19; Coon, Fulker, DeFries, & Plomin, 1990; Rice, Fulker,

DeFries, & Plomin, 1988).

Much of the research to date on the question of possible genetic mediation of

environment—outcome associations has come from the CAP. Findings thus far

certainly warrant further examination of this issue. More research is especially

needed concerning noncognitive aspects of development. A preliminary CAP analysis

suggested that some evidence emerges of genetic mediation between parental

measures of family environment and children’s behavior problems (Braungart &

Rende, 1991).

The present chapter focuses on positive and negative outcomes in middle

childhood outside the domain of cognition. (For an analysis of environment—

outcomes in the cognitive domain, see Chapter 19.) These analysescapitalize on the

longitudinal nature of the CAPto providethe first analyses of environmentin early

childhood and outcomes in middle childhood.

A simple model, first presented by Plomin et al. (1985), was used to examine

the environment-to-outcome correlations for these relationships. As illustrated in

Figure 18.1, in nonadoptive families the correlation between the environmental

Environmental Gm Gy Environmental
measure measure

a oe
\ \ af

Outcome Outcome
measure measure

(NA) (A)

Figure 18.1 Environment—outcome model for adoptive (A) and nonadoptive (NA) families.
The outcome measure is assumed to be causally determined by the genotype (G,) and the
environment (£,). A measured feature of the environment is assumed to act on the immediate
environmentthat affects the phenotype. In nonadoptive families the environmental measure
is also allowed to relate to the child’s phenotype through the genetically influenced parental
characteristics.
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measureasit relates to the outcome measure can be mediated either environmentallyor genetically. For adoptive families, the environmental variable is only connected
to the child’s phenotype by the environment (see Plomin et al., 1985, for more
detail). In other words, the environment-to-outcome correlation for children in
adoptive homescan be due only to environmental factors, while the environment-
to-outcome correlation for children in nonadoptive homes may be due to both
genetic and environmental components. Thus, the difference between the environ-
ment-to-outcome correlation in nonadoptive families and adoptive families can
provide an estimate of the genetic component of the correlation, while the
correlation in the adoptive families is a direct estimate of the environmental
component of the correlation. The present report extends this approach by
employing multiple regression to summarize associations between several aspects of
early childhood family environmentas they relate to outcome measures in middle
childhood.

Method

Sample

The present analyses included children participating in the CAPtested at ages 1, 2,
3, 4, 7, 9, and 10 years. Because the CAP is an ongoing longitudinal study, the
sample sizes decrease across time, ranging from 223 nonadopted children and 271
adopted children at 1 year to 128 nonadopted and 159 adopted children at 10 years.
There are approximately as manygirls as there are boys in this sample (52% boys,
48% girls).

Measures

Tester ratings and parental questionnaires of the family environment in infancy
and early childhood were included in order to investigate the relationship of
these environmental measures with parent, teacher, and child reports on middle
childhood indices of positive (competence) and negative (behavior problems)
outcomes.

Family environment measures Two measuresofthe early childhood family environ-
ment were assessed when the children were 1, 2, 3, and 4 years ofage.

Caldwell and Bradley’s (1978) Home Observation for Measurement of the
Environment (HOME)was administered whenthe children were 1, 2, 3, and 4 years
of age. The HOMEis a 45-item semi-structured interview rating of the home
environment traditionally scored on a dichotomous rating scale. In the CAP
sample, the HOMEhasbeen scored on a quantitative rating scale to represent more
accurately environmental variation in middle-class homes (see Plomin & DeFries,
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1985 for more detail). The six scales suggested by Caldwell and Bradley (1978)

were used in these analyses: Responsivity of Mother, Avoidance of Restriction

and Punishment, Organization of the Environment, Appropriate Play Materials,

Maternal Involvement, and Variety in Daily Stimulation. Previous research has

shown that the HOMEis moderately heritable in the CAP whenthe children are |

and 2 years of age (Braungartet al., 1992: see Chapter 17, this volume, for more

details).

Mothers’ perceptions of the family environment whenthe children were 1 and 3

years of age were assessed through the use of the Family Environment Scale (FES:

Moos & Moos, 1981). The FESconsists of three second-order dimensions: Relation-

ship, Personal Growth, and System Maintenance. The Relationship dimension

includes questions about family cohesiveness, expressiveness, and conflict. The

Personal Growth dimension includes questions about the amountof emphasis thatis

placed on independence, achievement, recreational activities, and moral-religiousness.

Finally, the System Maintenance dimension consists of questions about organization

and control within the family.

Middle childhood outcome measures Two domains of childhood outcome were

explored: Competence and self-worth, and behavior problems.

Competence andself-worth were assessed through the use of two measures: the

Harter (1982) Self-Perception Profile for Children, and three subscales from the

CAP Social Competence Scale. Both the Harter and the CAP Social Competence

Scale show evidence for genetic influence (see Chapter 10 for details).

Harter’s Self-Perception Profile for Children consists of five subscales: Self-

Worth, Social Acceptance, Athletic Competence, Scholastic Competence, and

Physical Appearance. The version of the Harter used in the CAP is administered as

part of a battery of questions about “feelings” during a telephone interview with the

children when the children are 9 and 10 years ofage.

The CAP Social Competence Scale is based on the Walker-McConnell Scale of

Social Competence and School Adjustment (Walker & McConnell, 1988). Teacher

reports at 7, 9, and 10 years on three subscales — Leadership, Confidence, and

Popularity — were included as part of the competence dimension.

To assess behavior problems in middle childhood, one parent completed the

parent form of the Child Behavior Checklist (CBCL: Achenbach and Edel-

brock, 1983) when the children were 7, 9, and 10 years of age. Teachers completed

the Teacher Report Rating Form of the CBCL (Achenbach & Edelbrock, 1986) at

7, 9, and 10 years. The broad-based factors of Internalizing and Externalizing

behavior were used in these analyses. Correlations between parent and teacher

reports on the CBCL were only modest (average r = .22 across all ages), there-

fore, parent and teacher ratings were analyzed separately. Previous research has

demonstrated that the CBCL is influenced substantially by genetic factors

(Edelbrock, Rende, Plomin, and Thompson, in press). The specific genetic and

environmental characteristics of the CBCL in the CAP sample are discussed in

Chapter 11.
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Results

Mean differences

In order to assess mean gender differences and mean differences between adopted
and nonadopted children, 2 (boys and girls) x 2 (adopted and nonadopted) analyses
of variance were conducted. The means for boys and girls by adoptive status are
listed in Table 18.1 for the family environment measures, and in Table 18.2 for the
middle childhood outcome measures. Significant gender differences were identified
for 11 of the 31 outcome measures and 2 of the environmental measures, and
significant differences as a result of adoptive status were identified for only 3 of the
30 environmental measures and 9 of the outcome measures. The effects of gender
were regressed out of the data for the remainder of the analyses.

Table 18.1 Meansfor early childhood family environment measures

_—_—_—_—_

eee
Measure Nonadopted Adopted

Boys Girls Boys Girlseee

aONOYSTS

Motherreport

FES — year |

Relationship 90.49 91.17 90.92 89.21
Personal Growth 92.63 91.03 91.78 92.04
System Maintenance 85.66 86.51 95.34 95.88?

FES — year 3

Relationship 90.68 91.52 90.23 90.50

Personal Growth 59.47 59.72 60.94 59.92
System Maintenance 88.10 90.84 96.77 96.88?

Observerratings

HOME- year 1

Responsivity of Mother ~—1.28 —.20 37 16
Avoidance of Restriction and Punishment 43 ~ 35 .66 — 40

Organization of the Environment — .43 ll — 07 .20

Appropriate Play Materials — 9] —1.23 .08 01

Maternal Involvement — 30 —.24 —.20 02

Variety in Daily Stimulation —.58 .06 10 — .05

HOME- year 2

Responsivity of Mother — 1.20 —.22 39 16
Avoidance of Restriction and Punishment -.11 -.18 52 —.09

Organization of the Environment — 31 07 O01 ~ .07

Appropriate Play Materials —1.50 —1.40 31 ~—.25?
Maternal Involvement -—.77 —.05 .38 — .09
Variety in Daily Stimulation — .58 —.08 01 13

HOME- year 3

Responsivity of Mother —.75 —.61 .30 13

Avoidance of Restriction and Punishment 27 —.29 64 — 53?
Organization of the Environment —.18 12 -.13 28
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Table 18.1 (Cont.)

Measure
Nonadopted Adopted

  

Appropriate Play Materials — 81 —.92 — 48 —.1]

Maternal Involvement —.21 — .33 .09 —.23

Variety in Daily Stimulation — 33 — .06 —.27 39

HOME- year 4

Responsivity of Mother 1.01 1.41 89 84

Avoidance of Restriction and Punishment 82 J7 1.12 .73°

Organization of the Environment —.22 25 .09 — .06

Appropriate Play Materials —.52 —.02 .98 58

Maternal Involvement —.73 — .64 .O1 .00

Variety in Daily Stimulation 1.89 1.87 2.30 2.04

4 Indicates significant (p < .05) mean difference for adoptive status.

> Indicates significant (p < .05) mean difference for gender.

Table 18.2 Means for middle childhood outcome measures

nner

Measure Nonadopted Adopted

Boys Girls Boys Girls
ES

Motherreports

Year 7

CBC Internalizing 5.59 5.98 5.75 4.90

CBC Externalizing 8.88 6.35 11.01 7.67

Year 9

CBC Internalizing 5.71 6.38 5.90 5.64

CBC Externalizing 8.53 6.29 9.80 7.79

Year 10

CBC Internalizing 8.38 6.72 5.93 6.20

CBC Externalizing 5.52 6.08 8.54 8.08

Teacher reports

Year 7

CBC Internalizing 3.69 3.72 4.28 4.02

CBC Externalizing 6.75 3.95 9.02 5.80?

CSCS Leadership 31.08 31.85 29.94 30.12?

CSCS Confidence 41.52 43.92 40.28 41.23%

CSCS Popularity 20.08 20.00 20.17 19.75

Year 9

CBCInternalizing 4.87 4.59 6.21 5.492
CBC Externalizing 6.35 4.54 9.40 5.2545
CSCS Leadership 30.89 29.57 28.85 29.02?

CSCS Confidence 40.37 42.63 39.29 40.9145

CSCS Popularity 20.15 19.94 19.61 19.34

Year 10

CBC Internalizing 5.52 4.96 6.42 4.54

CBC Externalizing 6.48 3.92 9.21 5.91

CSCS Leadership 31.00 32.19 29.18 30.12?
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M.easure Nonadopted Adopted

Boys Girls Boys GirlsTS

Gis

CSCS Confidence 38.85 42.12 37.78  40.95>

  

CSCS Popularity 19.76 19.82 19.58 19.35Self-reports:
Year 9

Harter Self-Worth 16.67 17.44 16.82 16.26
Harter Athletic Competence 12.70 11.76 13.15 11.98%
Harter Physical Appearance 15.03 14.94 15.50 14.22Harter Behavior/Conduct 14.60 15.84 13.93 14.70%»
Harter Scholastic Competence 14.27 15.22 14.08 13.74
Harter Social Acceptance 15.50 15.28 15.92 15.04

Year 10

Harter Self-Worth 17.24 17.53 17.50 17.02
Harter Athletic Competence 12.63 11.90 13.23 12.05>
Harter Physical Appearance 15.96 15.22 15.98 14.11°
Harter Behavior/Conduct 14.80 15.59 14.78 15.75°
Harter Scholastic Competence 15.43 15.59 15.09 14.79
Harter Social Acceptance 15.34 15.61 16.54 15.57See

* Indicates significant(p < .05) mean difference for adoptive status.
b Indicates significant (p < .05) mean difference for gender.

Environment—outcome associations

Multiple regression analyses were conducted using the six HOMEscales at ages 1,
2, 3, and 4 years and the three second-order dimensions of the FES at 1 and 3 years
to predict positive and negative outcomes in middle childhood separately in
nonadoptive and adoptive families. The results will be presented separately for the
HOMEand FESandseparately for the positive outcomes (Harter self-reports and
teacher ratings of competence) and negative outcomes (parent and teacher reports
on the CBCL).

Table 18.3 lists multiple correlations between the HOMEin infancy and early
childhood and the positive outcome measures in middle childhood. Overall, the
correlations are positive, suggesting that high HOMEscorespredict later positive
outcomes. However, the magnitude ofthe correlations is low and few correlations
are significant. This is an important finding because environmental research often
focuses on significant relationships but neglects to consider whether more signific-
ant correlations emerge than expected by chance, and the effect size for the
significant relationships. Twelve of the 96 correlations are significant for the self-
report Harter measure and five of the 72 correlations for the teacher ratings of
competenceare significant, with the highest correlations being .26 for the Harter and
.23 for the competence measure. This small effect size presents a special problem
for the analysis of genetic mediation of environment—outcomeassociations. If the
magnitude of the association between environment and outcomeis low, there is not
much covariance to partition into genetic and environmental components.
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Nonetheless, the results suggest that these weak phenotypic associations between

the HOMEandthe positive outcomes are mediated environmentally in that the

correlations are on average similar in nonadoptive and adoptive families. For

example, the average correlations between the HOMEand Harter Self-Perception

Profile are .12 in nonadoptive families and .13 in adoptive families. Moreover,

correlations that are greater in nonadoptive than in adoptive families do not show a

consistent trend across the four years of the HOMEand both years of the Harter

or the three years of the competence measure.

As shown in Table 18.4, similar results emerge for correlations between the

HOMEand parent and teacher ratings of behavior problems on the CBCL.

Although approximately half of the 64 correlations between the HOMEin infancy

and early childhood and ratings of behavior problems in middle childhood are

significant, there is no clear pattern of genetic influence on this relationship. In fact,

more often than not, the correlation between the HOMEandnegative outcomeis

significant for adopted children and not for nonadopted children.

Table 18.5 lists multiple correlations between mother reports on the FES

second-order factors in infancy and early childhood and positive-outcome measures

in middle childhood. Only 11 of the 84 correlations are significant. In general, the

pattern of correlations between the FES and positive outcomesin middle childhood

is similar to the pattern of the HOMEand middle childhood outcome in that no

clear pattern of genetic influence emerged.

Table 18.5 Multiple correlations, adjusted for attenuation, between the three FESscales

at years 1 and 3 and positive outcome measures in middle childhood

 

Measure FES

Year | Year 3

Nonadopted Adopted Nonadopted Adopted

Harter — year 9

GI. self-worth 14 10 .09 04

Athletic Competence 10 .04 .08 AS

Physical Appearance .09 .09 ll me

Behavior Conduct ll 06 14 .06

Social Acceptence 12 .09 12 .10

Scholastic Competence .17* 07 .08 .04

(N) (217) (170) (219) (160)

Harter — year 10

Gl. self-worth .03 .09 5 .06

Athletic Competence 07 02 10 10

Physical Appearance .10 10 .28* 05

Behavior/Conduct 10 02 05 .09

Social Acceptance .09 05 17 .08

Scholastic Competence 12 .04 17 .06

(N) (192) (160) (193) (146)

CAP Social Competence:

Teacher report — year 7

Leadership 05 .16* ll .15*
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Megeure

  

easure
FESme

Year | Year 3

Nonadopted

—_

Adopted Nonadopted

_—_

AdoptedT
O

Popularity 04 14 .03 .06
Confidence .13* .16* .09 .17*
(N) (231) (194) (235) (185)

CAP Social Competence:
Teacher report — year 9
Leadership .20* .16 .06 .08
Popularity 17 07 17 .09
Confidence 17 14 15 10
(N) (193) (149) (235) (185)

CAP Social Competence:
Teacher report — year 10
Leadership 16 .20* 04 14
Popularity .10 14 .10 .19*
Confidence .20* 14 .04 04
(N) (155) (133) (155) (124)NN

NT)

* p< .05.

The only evidence for genetic influence on the relationship between early
childhood environment and middle childhood outcomeis seen in Table 18.6, which
contains the multiple correlations between the FES and the CBCL.Parental ratings
of externalizing behavior at 7, 9, and 10 years are significantly related to the FES
at 3 years of age for nonadoptive families and are non-significant for adoptive
families, suggesting genetic influence on this relationship. The findings for parental
reports of externalizing behavior are replicated for the FES at 1 year of age with
the exception of externalizing at 10 years, in which there are no differences in the
correlations for nonadopted and adopted children. For teacher reports of external-
izing behavior the results are similar, though not as strong. For example, the FES
at 1 year is significantly related to teacher reports of externalizing at 7 and 9 years,
but not at 10 years.

Table 18.6 Multiple correlations, adjusted for attenuation, between the three FESscales
at years 1 and 3 and negative outcome measures in middle childhood

Measure FES

Year 1 Year 3

Nonadopted Adopted Nonadopted Adopted

  

CBCL:Parentreport
Year 7

Internalizing 14 10 .20* ll
Externalizing 36* .06 .33* 04
(N) (222) (181) (231) (174)
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Table 18.6 (Cont.)

FES
Measure

Year 1 Year 3

Nonadopted Adopted Nonadopted Adopted

I
Year 9

   

Internalizing .03 .22* 15 17*

Externalizing .17* .07 .33* .09

(N) (207) (164) (207) (154)

Year 10

Internalizing .03 17* .36* 15

Externalizing 10 ll 37* 04

(N) (181) (150) (184) (138)

CBCL: Teacher report

Year 7

Internalizing 10 .07 02 .17*

Externalizing .24* .08 .06 12

(N) (218) (181) (224) (173)

Year 9

Internalizing .09 10 .26* .17*

Externalizing .25* ll .26* .22*

(N) (180) (142) (183) (135)

Year 10

Internalizing Al 10 01 .08

Externalizing 10 .22* .24* .20*

(N) (145) (124) (147) (115)

*» < .05.

Conclusions

Two broad conclusions can be drawn from the results of these analyses. First,

relationships between the early environment and middle childhood outcometend to

be weak. This conclusion is supported by earlier CAP results in which longitudinal

relationships between the environmentat year 1 and developmental outcome during

early childhood were found to be modest, especially for noncognitive measures of

development (Plomin, DeFries, & Fulker, 1988). The second general conclusion

that can be drawn from these results is that when environment-to-outcome

correlations are significant, they do not appear to show genetic mediation. With the

exception of the environment—outcomerelationship between the FES and parental

reports of externalizing behavior, no well-defined pattern of significant correlations

emerged for nonadopted but not adopted children.

Several factors may lead to underestimates for the role of genetic mediation 1n

environment—outcomeassociations in this study. In addition to the usual limitations

of the measures(i.e., the HOME and FES)and the sample (e.g., a normal sample),

a more interesting possibility is that the design limits identification of genetic effects
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on environment—outcome to genotype—environmentcorrelations of the passive kind
(Plomin, Loehlin, & DeFries, 1985). In other words, because nonadopted children
share genes as well as family environment with their parents they are passively
exposed to environments that are correlated with their genetic propensities. The
other two types of genotype—environmentcorrelations that could play a role in this
relationship are reactive and active genotype—environmentcorrelations. The experi-
ences of an individual that are the result of others’ reactions to that individual’s
genetic propensities cause reactive genotype-environmentcorrelations. Active geno-
type—environment correlations occur when individuals actively select or create
environments that are correlated with their genetic characteristics. If either reactive
or active genotype—environmentcorrelations were important in the environment-to-
outcomerelationships, they would affect both adoptive and nonadoptive families,
which would result in the underestimation of genetic mediation of that relationship
(Plomin et al., 1988).

In other words, the environment—outcome design used in the present analyses,
although powerful for detecting passive genotype—environment correlation, is unable
to detect genotype-environment correlation of the reactive or active types. In
contrast, multivariate genetic analyses of the association between an environmental
measure and an outcome measure, for example using the sibling adoption design,
can detect genotype-environmentcorrelation of any type (Plomin, in press). That
is, the sibling adoption design can be used to decompose the covariance between an
environmental measure and an outcome measureinto its genetic and environmental
components of covariance. Thus, if reactive or active genotype-environmentcorrela-
tion is important, a multivariate genetic analysis of this type should yield evidence
for genetic mediation even if the environment—outcomedesign used in the present
analyses does not because this latter design only detects passive genotype—environ-
ment correlation. For this reason, multivariate genetic analyses of this type using
the sibling adoption design are underway.



19 Home Environmental

Influences on General

Cognitive Ability

 

Stacey S. Cherny

Therelationship between measures of the home environmentand children’s cognitive

development has been a major focus of research in developmental psychology(e.g.,

Wachs, 1992). Although all but a few of these studies involve families in which

children are genetically related to their parents, rarely is the possibility considered

that genetic factors mediate associations between home environmentand children’s

development.In the case of associations between measures of the home environment

and children’s cognitive development, it seems plausible that genetic influences on

parental intelligence might mediate such associations.

The purpose of this chapter is to incorporate measures of the home environment

into model-fitting adoption analyses of parent—offspring resemblance for IQ,in

order to assess the direct environmental effects of home environment independent

of genetic and environmental influences mediated via parental IQ. These analyses

extend research described in the previous two chapters. Chapter 17 applies the

sibling adoption design to measures of the home environmenttreated as dependent

variables, in order to ask whether genetic factors influence these measures. Chapter

18 applies a simple method described by Plomin, Loehlin, and DeFries (1985) to

investigate the contributions of passive genotype—environmentcorrelations to asso-

ciations between environmental measures and measures of development. The

approach merely compares environment—development correlations in nonadoptive

and adoptive families. If correlations between environmental measures and develop-

mental outcomes are greater in nonadoptive than in adoptive families, genetic

mediation is implied. The analyses in Chapter 18 are limited by the problem that

our environmental measures showed only weak associations with developmental

measures such asself-esteem and behavioral problems, even in nonadoptive families.
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incorporated an environmental index in parent—offspring adoption analyses. Al-
though DeFries, Plomin, Vandenberg, and Kuse (1981) found few associations
between home environment and cognitive development at 1 year of age, Rice,
Fulker, DeFries, and Plomin(1988) showed that parental IQincreasingly mediated
associations between home environmentand cognitive developmentin early child-
hood at 3 and 4 years. Coon, Fulker, DeFries, and Plomin (1990) reported that
genetic mediation via parental IQ can account for most of the association between
home environment and children’s IQ at 7 years of age. The present approach
simultaneously examines the influence of a set of home environmental indicators
(Home Observation for Measurement of the Environment (Caldwell & Bradley,
1978) and the Family Environment Scale (Moos & Moos, 1981)) in parent—offspring
adoption analyses, when the children are 7 years of age and,for thefirst time in the
CAP, when the children are 9.

Method

Subjects and measures

The first principal component from the specific cognitive abilities test battery
(GFAC) was used as the measure of general cognitive ability in the parents (see
Chapter 4). General cognitive ability in the adoptive and nonadoptive probands was
assessed by the Wechsler Intelligence Scale for Children—Revised (WISCR)at age
7, and from the first principal component from the telephone administered specific
cognitive abilities test battery (SCATPC)at age 9.
Two measures of the home environment were used. The Home Observation for

Measurementof the Environment (HOME:Caldwell & Bradley, 1978) was used as
the measure of the home environment at ages 1 and 2. The Family Environment
Scale (FES: Moos & Moos, 1981) was used as a contemporary measure of the home
environmentat ages 5, 7, and 9 years. The HOMEcontainsitems rated by both the
CAPtesters and the parents. Because the correlation between the HOMEat 1 and
2 years of age is low, the HOMEtests at each age were used in separate analyses of
7- and 9-year-old cognitive ability. The HOMEconsists ofsix scales: Responsivity
of Mother, Avoidance of Restriction and Punishment, Organization of the Envir-
onment, Appropriate Play Materials, Maternal Involvement, and Variety in Daily
Stimulation. A total score for the HOME was also computed by summingthesix
scale scores for those subjects who hadscores onall six scales.
The FES is a parental questionnaire that assesses the quality of the social

relationships in the family. It includes 10 scales: Cohesion, Expressiveness, Conflict,
Independence, Achievement, Intellectual—Cultural, Active—Recreational, Moral—
Religious, Organization, and Control. In an attempt to obtain items with more
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desirable statistical properties, these items were rated on a 5-point Likert scale,

rather than the original true/false format used by Moos & Moos (1981). The FES

manifests high longitudinal correlations in our sample. In order to use it as a

contemporary measure of the environment and also to capitalize on increased

reliability by summing over repeated measurements, the analyses of general cogni-

tive ability at age 7 included the average of standardized FES items obtained at

ages 5 and 7, and the year 9 analyses included the average of standardized FES

items obtained at ages 7 and 9. Factor scores on two orthogonal factors were also

created. At year 7, thefirst factor, labeled Personal Growth, had substantial positive

loadings on Cohesion, Expressiveness, Independence, Intellectual—Cultural, and

Active-Recreational, with a negative loading on Conflict. The secondfactor, labeled

Traditional Organization, had substantial positive loadings on Achievement, Moral-

Religious, Organization, and Control. The factor pattern was highly similar at year

9, although the loadings on Independence and Achievement were more moderate in

magnitude than those at year 7. The year 7 factor pattern is identical to that

reported by Coon etal. (1990), even though our sample is somewhat larger. The

factor pattern is also similar to that reported by Plomin and DeFries (1985) for the

FESatyear 1.

Model

The model chosen for the analyses is a multivariate extension of a model first

presented by Rice et al. (1988) and later by Coonetal. (1990). Their model is the

univariate parent—offspring model, discussed in Chapter 3, in which the observed

phenotypic value (P) for each family member is completely determined by that

individual’s additive genetic value (G) and environmental deviation (£). G and FE

are correlated s. Assortative mating, that is, the correlation between the parents’

phenotypes, is p. The extension of this model by Rice et al. and Coonetal. allowed

for the child’s environmental deviation to be influenced directly (/) by a measure

of the home environment (H). This measure of the home environment can be

correlated with each rearing parent’s genotype and environmental deviation (r¢

and rz respectively). The multivariate version of this model allows for multiple

home environmental measures, arranged in a vector, H, which are each correlated

with the rearing parent’s genotype and environmental deviation (r¢ and rz,

respectively). Each home environmental measure could also exert a direct effect on

the child’s environmental deviation (f). This model is depicted in a multivariate

path diagram in Figure 19.1 for adoptive families and in Figure 19.2 for nonadoptive

families.

Since previous analyses of the CAP dataset indicated that there was no significant

difference between maternal and paternal cultural transmission, a single cultural

transmission parameter, z, was estimated in the present model for both mothers and

fathers. In addition, since there was no significant difference between nonadoptive,

adoptive, and biological spousal correlations, only a single assortment parameter, p,

was estimated. Furthermore, since the maternal and paternal correlations between

the home environmental measures and general intelligence were highly similar and
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Pao

AM = adoptive mother; AF = adoptive father; BM = biological mother; BF = biological father
AO = adopted offspring.
h = square root of h? (heritability).
e = Square rootof e? (environmental variance).
S = G-E correlation.
Pp = spousal correlation.
Explanations of other symbols appearin the text.

Figure 19.1 Full model of genetic (G) and environmental (£) transmission with home
environmental measures for adoptive families (dashed lines represent conditional paths).
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Models were fitted using the maximum-likelihood pedigree procedure described in

Chapter 3.

rc re

 
M = mother; F = father; O = offspring.
h = square root of h? (heritability).
e = square rootof e? (environmental variance).

s = G-—E correlation.
p = spousal correlation.

Explanations of other symbols appearin the text.

Figure 19.2 Full model of genetic (G) and environmental (£) transmission with home

environmental measures for nonadoptive families (dashed line represents a conditional

path).
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Table 19.1 Expected adoptive and nonadoptive variance and covariances
.

Variable Expectationeee
Nonadoptive families

On, F [plo;
Cnuy = Oy [diag(%,,)]'? [r¢h + rpe| Op,
Ouc = Orc [A(h + se) (1 +p) + ex(1 +p) + ef’ (rch + rze)| op Op,
Cc [diag(2)]'”? [f. + (rch + ree) 2ez + rch] op,
Oi= a} [h? + c? + 2hsela;
> Di

Gn [h? + c? + 2hse] ap,

Adoptive families

O4m,AF = Opm,Br [p] Op

Cnam = Wyar [diag(%,)]'7 [rok + re] Op,
On,em = Oyar 0

Game = Orc [ez(1 + p) + ef’ (rch + rpé)|Op Op,
Osuc = Oarc Fath + se)(1 + p)]op Gp,
Tic [diag(X)]'” [fe + (roh + ree)2ez]'" ap,
Oim = Oip = O}y = Of, [h? + ¢? + 2hse]o}

Dy Ly
aé [h? + e?] a2.

Constraints

s Z(A + se)\(1 + p) +f’re
se [zeh(1 + p) + f’rc]/[1 - ze(1 + p)]———_—_———

Results

Homeenvironment/IQcorrelations

Table 19.2 contains correlations of the six HOMEscales and total score at year |
with rearing parents’ general cognitive ability and adopted and nonadopted child
general cognitive ability at years 7 and 9. The HOMEtotal score is correlated
significantly with both mothers’ and fathers’ IQ. There is also a relatively small but
consistent relationship between parental IQand the six HOME scales, with similar
patterns of correlations in mothers and fathers. The correlations between child IQ
and the HOMEscales andtotal score are less consistent and do not strongly suggest
either direct or indirect home environmental influences on cognitive ability at either
7 or 9 years.
The HOMEtotal score at year 2 shows the same high maternal and paternal

correlations (see Table 19.3). There is also a significant correlation with WISC-R
at year / for nonadopted probands and an essentially zero correlation for adopted



Table 19.2 Correlations of HOMEscales at year 1 with parental generalintelligence and with child general intelligence at

years 7 and 9

   

HOMEscale Parental GFAC? WISC-R year 7 SCATPC?year 9

Mother Father Nonadoptive Adoptive Nonadoptive Adoptive

Total 17** (319) .20** (318) 13 (157) —.13 (124) 01 (119) 04 (109)

Responsivity of Mother —~.00 (411) .06 (407) 10 (192) .02 (161) —.00 (154) .17* (146)

Avoidance of Restriction 15** (428) .11* (425) 10 (194) —.12 (173) 02 (151) —.12 (159)

Organization of Environment 05 (442) ~=.02

=

(439) .14* (203) —.09 (175) 10 (161) -.03 (162)

Appropriate Play Materials 08 (460) .12** (456) —.01 (210) — .04 (185) —.01 (166) 00 (172)

Maternal Involvement 07 (451) .06 (448) 08 (205) —.05 (182) —.02 (162) 08 (167)

Variety in Daily Stimulation 08 (477) .06 (473) 01 (214) —.08 (193) .03 (171) 01 (179)

VarietyinDailyStimulation

08477
)

TTF



Table 19.3 Correlations of HOMEscales at year 2 with parental general intelligence and with child general intelligence at years 7and 9
ree
HOMEscale Parental GFAC* WISC-R year 7 SCATPC year 9

Mother Father Nonadoptive Adoptive Nonadoptive AdoptiveEE

TOPENOnadoptiveAdoptive—

Total .18** (410) .20** (409) .22** (197)

   

01 (166) 08 (156) .04 (153)Responsivity of Mother 06 (439) .16** (437) .21** (209) —.06 (177) 12 (166) .03 (163)Avoidance of Restriction .17** (437) .15** (435) 03 (208) —.04 (177) —.06 (165) —.12 (163)Organization of Environment —.10* (445) —.06 (442) 07

=

(208) 10 (182) .O1 (165) .14 (171)Appropriate Play Materials .09* (433) .13** (431) 12

=

(206) —.08 (177) .18* (164) —.03 (163)Maternal Involvement 11* (441) 06 (440) .14* (208) —.00 (181) —.03 (164) 01 (165)Variety in Daily Stimulation .11* (461) .09* (458) 09

=

(213) .10 (191) 11 (170) .13 (177)
Note: Sample sizes appear in parentheses.
* First principal component score from the specific cognitive abilities test battery.
> First principal component score from the telephone administered specific cognitive abilities test battery.
*p < .05, **p < 01.



Table 19.4 Correlations of FES scales with parental general intelligence and with child general intelligence at years 7 and 9

FES measure FES 5/7 FES 7/9

e
e
e

Parental GFAC* WISC-R year 7 Parental GFAC? SCATPC? year 9

Mother Father Nonadopted Adopted Mother Father Nonadopted Adopted

(N = 429) (N= 427) (N = 208) (N = 188) (N=411) (N= 409) (N = 168) (N = 178)

NDNEEDIN

Eee

   

Scale

Cohesion .00 .03 05 07 02° .06° 108 05

Expressivity .04 .09 05 —.01 06° 05° 088 — .04

Conflict 02 05 .06 — .21** —.01 .04 — .05 — 13,

Independence —.02 05 09 06 014 09! 055 ~.06'

Achievement —.12* — .09 05 .06 — .14** — .10* 02 — .02

Intellectual—Cultural .17** .27** .21** .03 .12* .23** 15* 10

Active—Recreational .08 04 — .05 —.10 07 01 — .03 —.01 .

Moral-Religious —.05 —.16** —.11 —.01 ~.054 —.19f — 005 ~ 04!

Organization —.05 — .09 — .07 .09 — .04 —.08 — .05 .16*

Control —.05 — .06 —.10 — .00 — 02° — .09* — .08® .17*

Factor

Personal Growth .06 11* .09 05 074 .12* 105 - 00"

Traditional Organization —.09 —.15** —.10 07 ~.094 —.15** — 025 13?

_TraditionalOrganization=

09

Note: Sample sizes appear in parentheses.

4 First principal componentscore from thespecific cognitive abilities test battery.

> First principal componentscore from the telephone administered specific cognitive abilities test battery.

CN = 412, 4 N = 392, © N=410, § N = 390, ® N= 169, " N= 158, iN = 169.

*y < .05, **p < 01.
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probands, suggesting genetic mediation. This pattern is also suggested for age 9
SCATPC,although neither correlation is significant. The correlations with child IQ
at / and 9 years are slightly higher for the nonadopted children at year 2 than at
year 1. Genetic mediation of the home environmental influences is also suggested
for Responsivity of Mother and Appropriate Play Materials at both years 7 and 9,
and Maternal Involvementat year 7, since the nonadoptive correlations are higher
than the corresponding adoptive correlations.

In Table 19.4, the IQ/FES correlations are presented. Fathers’ IQ, but not
mothers’ IQ, correlated with both FES factors. Parental IQ is related consistently
only to Achievement (mothers only), Intellectual—Cultural, and Moral—Religious
(fathers only), for both the year 5/7 and year 7/9 FES measures. The nonadoptive
correlation is substantially higher than the adoptive correlation for WISC-R with
FES Intellectual—Cultural, suggesting that this relationship may be genetically
mediated. The other correlations do not show a consistent pattern.
A clearer picture emerges from the results of the model-fitting procedures,

whereby we can quantify the impressions formed from simple inspection of the
correlations.

Model-fitting

The full model presented in Figures 19.1 and 19.2 was fitted to the HOMEscales
at year 1 with IQ at years 7 and 9, HOMEscales at year 2 with IQ at 7 and 9,
FES scales at 5 and 7 with IQ at 7, and FES scales at 7 and 9 with IQ at 9.
Univariate models were fitted to the HOMEtotal scores for the same age
combinationsas for the multivariate models and bivariate models were fitted to the
two FES factors similarly. Tests of individual parameters were obtained via
comparison of a model omitting that parameter against the full model, using the
likehood ratio y*. Simultaneous 2 df tests of rg and rz for a home environmental
measure were also performed,allowing an overall test of the correlation of the home
measure with parental IQ.
Tables 19.5 through 19.10 contain parameter estimates from the 12 full models,

along with x’ tests of those parameters. Estimates of heritability from the multivari-
ate models, under the assumption that IQmeasures at 7 and 9 are isomorphic with
the adult measure of IQ, appear below each table. All estimates of heritability were
highly significant and involved a simultaneoustest ofall r¢ in the models. Estimates
of h’ ranged from .33 to .34 at year 7 and .30 to .31 at year 9. Estimates of s ranged
from .02 to .03 at year 7 and .00 to .01 at year 9, indicating that there waslittle or
no genotype—environmentcorrelation for IQ. Estimates of z ranged from .02 to .03
at year / and .00 to .01 at year 9, implyinglittle or no cultural transmission for IQ.
Finally, assortative mating was estimated at .28 in all models, and was highly
significant. Estimates from the univariate and bivariate models were virtually
identical.
Examining the parameter estimates for the HOMEatyear 1 with IQ at year 7 in

Table 19.5, we see that there was substantial rc for most scales, although none was
Statistically significant. The total score showed high rc, although it was also not



Table 19.5 HOMEat year | with IQ at year 7: Parameter estimates

   

Parameter Scale?

Total RSPNS RSTRC ORGNZ PLAY INVLV VRTY

Yo 22 15 17 24 .03 13 10

rr .08 — .07 .04 —.14 ll — .01 .03

f .00 .06 — .02 — .00 — .02 01 — .06

Xi (1, = 0) 2.551 1.503 1.793 3.404 0.056 1.098 0.626

Xi (r, = 0) 0.655 0.477 0.163 1.945 1.391 0.011 0.081

%3("p =o = 0) 17.986*** 1.966 11.786** 3.611 7.584* 3.653 4.254

x; (f= 90) 0.000 1.057 0.145 0.000 0.078 0.023 0.789
P
F

Note: h? = .33**, s = .03, e? = .65, p = .28**, z= .03
4 RSPNS = Responsivity of Mother; RSTRC = Avoidance of Restriction and Punishment, ORGNZ = Organization of the

Environment; PLAY = Appropriate Play Materials; INVLV = Maternal Involvement; VRTY = Variety in Daily Stimulation.

*p < .05, **p < .01, ***p < .001.



Table 19.6 HOMEatyear 2 with IQ at year 7: Parameter estimates

—

eee
Parameter Scale*eee

Total RSPNS RSTRC ORGNZ PLAY INVLV VRTY$Y
rc 39 36 07 — .07 30 13 01
rr — .02 —.11 15 — .06 — .08 .03 13
f .00 01 — .03 ll — .03 12 13

Xi (7, = 0) 3.737 7.250** 0.267 0.272 4.746* 1.118 0.007
x; (r,, = 0) 0.059 1.110 2.385 0.359 0.550 0.068 1.748
x; (r, = 1, = 9) 27.011*** 15.043***  17,.284*** 5.131 11.392**  7.187* 8.335*
x; (f= 0) 0.000 0.022 0.131 2.059 0.257 2.483 2.807——

Note: h’ = .34***, 5 = 02, e? = .64, p = .28***, z = 02 |
* RSPNS= Responsivity of Mother; RSTRC = AvoidanceofRestriction and Punishment; ORGNZ = Organization of the
Environment; PLAY = Appropriate Play Materials; INVLV = Maternal Involvement; VRTY = Variety in Daily Stimulation.
*p < .05, **p < .01, ***p < .001.



Table 19.7 HOMEat year 1 with IQ at year 9: Parameter estimates
OL

Parameter Scale*

ro .00 — .03 02 20 — .02 — .05 09

rr: 23 07 14 —.10 14 12 .03

f .04 10 — .06 .03 —.01 03 — .00

Xi (r, = 0) 0.000 0.089 0.024 1.773 0.019 0.152 0.475

x; (1, = 0) 3.648 0.565 1.931 0.845 1.791 1.474 0.116

W3(r, == 9) 18.034*** 0.988 10.958** 2.163 7.899* 3.646 4511

xX; (f= 9) 0.246 2.243 0.708 0.340 0.019 0.193 0.002

ON

Note: h? = .30*, s = .01, e? = .69, p = .28***, z = .01

4 RSPNS= Responsivity of Mother; RSTRC = Avoidance of Restriction and Punishment; ORGNZ = Organization of the

Environment; PLAY = Appropriate Play Materials; INVLV = Maternal Involvement; VRTY = Variety in Daily

Stimulation.

*o < .05, **p < .01, ***¥p < .001.
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significant. The 2 df test of rc and rz simultaneously was statistically significant,
however. The directeffect (/) of the HOMEtotal score on the environmentof the
child was estimated at zero. The 2 df tests for the scales indicated that Avoidance

mediation through the parental phenotype. There was no significant direct effect of
the HOME measures (f) at year 1 on IQ at 7, which is consistent with the
correlations presented in Table 19.2.
The genetic mediation was stronger for the HOME measuresat year 2 with IQ

at 7 (Table 19.6). For the total score, r¢ was relatively high and r, was essentially
zero. However, only the 2 df test was significant. The direct effect (/) was again
zero. Responsivity of Mother and Appropriate Play Materials both showed signific-
ant genetic mediation of their influences on IQ at 7. All but one (Organization of
the Environment) of the 2 df tests of mediation via the parental phenotype were
statistically significant. None of the rz nor f parameters wasstatistically significant,
although there was a suggestion of environmental mediation for Avoidance of
Restriction and Punishment and Variety in Daily Stimulation. There was also a
suggestion of a direct effect (f) of Organization of the Environment, Maternal
Involvement, and Variety in Daily Stimulation on IQ at 7.
The HOMEscales at year 1 with IQ at year 9 Suggest more environmental

mediation and less genetic mediation than with IQ at year 7 (Table 19.7). This is
most notable for the total score, where rg was substantial andrc zero. However, only
the 2 df test was significant. None of the scales showed Statistically significant
genetic or environmental mediation. The 2 dftests for both Avoidance ofRestriction
and Punishment and Appropriate Play Materials did suggest significant mediation,
which appears to be largely environmental via the parental phenotype. Except
possibly for Responsivity of Mother, no suggestion of a direct home environmental
effect was found.

The HOMEscales at year 2 with IQ at year 9 show a similar pattern to that with
IQ at year 7, although the slightly reduced sample size at year 9 reduced power
accordingly (Table 19.8). The r; for the total score was statistically significant, while
rc Was again estimated at zero. There appears to be substantial genetic mediation
for Responsivity of Mother and Appropriate Play Materials, although theseeffects
could only be detected via the stronger 2 dftests. Thereis significant environmental
mediation for Avoidance of Restriction and Punishment and Maternal Involvement.
Finally, there appears to be a suggestion of a direct effect for Organization of the
Environment and Variety in Daily Stimulation, although neither was statistically
significant.

Estimates for the FES at years 5 and 7 with IQat year 7 appear in Table 19.9.
Both factors show some genetic mediation and no environmental mediation,
although only the 2 df test for Traditional Organization was Statistically significant.
In examining the scales, both Conflict and Intellectual—Cultural show evidence for
genetic mediation. The effect of Achievement appearsto be largely environmentally
mediated, although only the 2 df test for mediation via the parental phenotype was
significant. Moral—Religious showed somegenetic and environmental mediation that
resulted in a significant 2 df test. Finally, a significant direct effect (f) of Conflict
was found.



Table 19.8 HOMEatyear 2 with IQ at year 9: Parameter estimates

cee

ee

Parameter Scale*

Total RSPNS RSTRC ORGNZ PLAY INVLV VRTY

1c .00 22 — .07 —.12 30 —.14 04

rr 25 .00 24 — .03 — .07 22 10

f .09 05 — .09 12 01 08 14

X; (r¢ = 9) 0.000 1.991 0.214 0.684 3.765 0.992 0.080

X; (r, = 9) 25.788*** 0.000 5.681* 0.075 0.386 3.996* 1.003

3 (1, =o = 9) 25.788*** 11.089** 17.993*** 5.574 10.776** 7.826* 7.932*

x; (f= 9) 0.864 0.448 1.412 2.619 0.026 1.103 3.030

Note: h? = .31**, s = .00, e? = .69, p = .28***, z= .00

4 RSPNS = Responsivity of Mother; RSTRC = Avoidance of Restriction and Punishment; ORGNZ = Organization of the

Environment, PLAY = Appropriate Play Materials; INVLV = Maternal Involvement; VRTY = Variety in Daily

Stimulation.

*p < 05, **p < .01, ***p < .001.



Table 19.9 FES at years 5 and 7 with IQ at year 7: parameter estimateseee
Parameter Scale? Factor

COHSN EXPR CONF INDP ACH INTCL ACTRC MRELG ORG CONT Personal Tradition

Growth organizationI

NEISEOE

 

ro .10 .09 22 07 .06 28 .09 —-.11 -.09 -.10 13 —.18
VE -.05 .03 —-.12 -.02 -.18 .09 02 — .07 —.02 —.00 02 — .03
If .04 .05 —.14 .08 .05 07 —.11 —~ .02 .04 — .03 .05 03

Xi (r, = 0) 0.769 0.497

=

3.995* 0.301 0.238 5.120* 0.468 0.835 0.529 0.638 1.057 2.071
Xi (r,, = 0) 0.301 0.104 2.110 0.034 3.555 1.014 0.044 0.543 0.070 0.002 0.052 0.125
X3(r, =r, = 0) 0.866 3.659 4.203 0.584

=

8.310*

=

38.195*** 2.915 9.366** 3.199 2.441 5.779 10.490**
Xi (f= 0) 0.425 0.580 4.542* 1.329 0.609 1.752 2.921 0.099 0.268 0.228 0.576 0.576eee

eeeeSe

Note: h’ = .33**, s = .02, e? = .65, p = .28***, z = .02
* COHSN = Cohesion; EXPR = Expressiveness, CONF = Conflict; INDP = Independence; ACH = Achievement; INTCL = Intellectual—Cultural; ACTRC =
Active-Recreational; MRELG = Moral-Religious; ORG = Organization; CONT = Control.
*p < .05, **p < 0.1, ***p < .001.



Table 19.10 FES at years 7 and 9 with IQ at year 9: Parameter estimates
i

 

Scale* Factor

Parameter COHSN EXPR CONF INDP ACH INTCL  ACTRC MRELG ORG CONT Personal Traditional

Growth Organization

1c 22 20 02  -.07 12 18 02 .04 —.14 —.22 19 —.07

rE -.1] — .06 .00 10 —.23 12 .04 —.18 .03 08 —.01 —.10

f .06 01 —.11 — .04 — .04 13 — .02 02 10 .08 .03 .08

Xi (r, = 0) 3.126 1.920 0.012 0.195 0.643 1.796 0.025 0.064 1.255 2.754 2.147 0.374

x; (r, = 0) 1.307 0.402 0.001 0.807 4.777* 1.398 0.157 3.334 0.080 0.786 0.013 1.798

Wr, = 1% = 9%) 3.500 3.247. 0.075 1.324 10.753** 23.939*** 1.329 10.022** 2.874 4.000 6.890* 8.539%

x%; f= 0) 1.018 0.012 2.531 0.258 0.316 4.115* 0.084 0.068 2.200 1.538 0.374 1.301
NL

Note: h? = .30*, s = .00, e? = .70, p = .28***, z = .00

4 COHSN = Cohesion; EXPR = Expressiveness,; CONF = Conflict; INDP = Independence; ACH = Achievement; INTCL = Intellectual—Cultural; ACTRC =

Active-Recreational; MRELG = Moral-Religious,; ORG = Organization; CONT = Control.

*y < .05, **p < .01, ***p < .001.
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For the FESat year 9 (Table 19.10), the Personal Growth factor appears to show
some genetic mediation, while both genetic and environmental mediation appears
for Traditional Organization. However, only the 2 df tests were statistically
significant. Cohesion, Expressiveness, Intellectual—Cultural and Control effects all
appear to be genetically mediated; however, only Intellectual—Cultural wasstatistic-
ally significant, even with the 2 df test. The effect of Achievement on IQ was
significantly environmentally mediated. Finally, only Intellectual—-Cultural showed
a statistically significant direct effect on IQ.

Discussion

For the present analysis, the parent—offspring full adoption design was employed to
assess the nature of home environmental influences on general cognitive ability. The
model allowed us to separate the direct effect of the home environmental measures
on child IQ (via child’s environmental deviation) from the indirect influences
mediated by the parental genotype or environmental deviation. That is, the direct
effect of the home environment was estimated while controlling or partialling out
genetic and other environmental influences originating from the parents. Estimates
of heritability, G-E correlation, cultural transmission, and assortment were obtained
and found to be relatively unaffected by the particular home environmental
measures chosen for analysis.

In general, the relationships between the measures of the home environment and
child IQwere small, with a trend toward highercorrelations in nonadoptive than in
adoptive families. This suggests some genetic mediation of home environmental
influence on IQ. Model-fitting results confirmed the general impression of greater
genetic than environmental mediation of home environmental influences. The
HOMEtotal scores showed substantial genetic mediation at year 7, but not at year
9. The FES Personal Growth factors had genetically mediated effects on IQat both
years 7 and 9, but the Traditional Organization factors showed genetic mediation
only at year 7.

Results from the environmental measures and year 7 IQ analyses were quite
consistent with those reported by Coonetal. (1990), although the magnitude ofthe
effects was not as great. In the case of the FES, this might be a result of using the
average of the FES at ages 5 and 7, while Coon et al. averaged the FES scores
obtained at ages 1, 3, 5, and 7 years. Since the present sample is larger than the one
on which Coonetal. reported (both as a result of employing the pedigree approach
to analysis and due to continuedtesting of subjects), results might also be expected
to differ. Finally, the multivariate approach mayalso contribute to any differences.

It is puzzling that some of the results for the HOMEappear different at year 9
than at year 7. For the year 1 HOMEtotal score, the analysis at year 7 suggested
primarily genetic mediation, but the year 9 analysis indicated environmental
mediation. Only the 2 df tests were significant in both cases, indicating that
resolving the nature of the parental mediation was not possible in either case. This
pattern was also seen for Avoidance of Restriction and Punishment.
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For the HOMEatyear 2, again there was genetic mediation forthe total score at

year 7 while environmental mediation was found at year 9. In this case, the

environmental mediation at year 9 wasstatistically significant. Maternal Involve-

ment at year 2 showed exactly the same pattern as the total score.

Differences between the year 7 and year 9 results for the FES were found for

Conflict, with genetic mediation present at year 7 but not at 9. The other differences

were merely of magnitude of effects, resulting in no major changes in the

conclusions. It will be interesting to replicate the results at year 9 with the full

sample and to chart the trend through early adolescence.

We conclude that the relationships between measures of the home environment

and child IQ,althoughrelatively small, are generally mediated through the parental

genotype for IQ. However, in some instances, mediation is also via the parental

environmental deviation. Only for a few measures was there any evidence of direct

transmission of home environmental influences to child IQ, Thus, these findings

suggest that home environmental influences, to the extent that they exist, are

mediated primarily via parental IQ. Assuming that the measures of the home

environment that we employedare relevant to the development of general cognitive

ability, the finding of little direct influence of home environmental measures on

the children’s IQ is consistent with our estimates of little environmental variance

shared by siblings for IQ (see Chapter 4). A direct effect of home environment on

child IQ would contribute to shared environmental influences in sibling pairs. Of

course, home environmental influences are morelikely to be detected when extreme

negative or positive environments are present. However, such influences, at least as

measured by the HOMEand FES,appearto be small and often genetically mediated

in the normal range of individual differences represented by the CAP families.



2). Genotype—
Environment
Interaction and
Correlation

 

scott L. Hershberger

Traditional behavioral genetic analysis has been concerned largely with the estima-
tion of genetic and environmental influences within a single sample at one point in
time. The most frequent question asked underthis traditional perspective is: “How
much of the variation in a trait can be accounted for by individual differences in
genotypes and how muchbyindividual differences in environments?” The most
common response to this question is given in terms of heritability and environ-
mentality coefficients.

Althoughthis is a reasonable first step in understandingthe etiology of individual
differences, it is important to go beyond this basic nature—nurture question.
Genotype-environment interaction (GxE) and genotype-environment correlation
(CovGE) extend the information contained in simple heritability and environmen-
tality coefficients by addressing the relationship between genes and environments.
From this point of departure, the researcher may then search for the developmental
processes responsible for the creation of the interaction or correlation, the prob-
ability of their discovery increasing with the longitudinal assessment of GXE and
CovGE.

GxE refers to the possibility that different genotypes may develop different
phenotypes in response to environmental conditions (Plomin & Hershberger, 1991).
For example, a child possessing a high genotype for introversion may be moderately
interactive with a small coterie of friends but quite inhibited within a large group
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of unfamiliar children, whereas a child with a high genotype for extraversion may

be uninhibited in both situations. The meaning of “interaction” in GxXEis identical

to its meaning in the familiar analysis-of-variance context: a nonadditive relationship

exists between the two main effect variables, here genes and environments.

CovGE occurs when different genotypes are selectively exposed to different

environments (Plomin, DeFries, & Loehlin, 1977). As one example, CovGE may be

of importance when adolescents differing in intelligence select different educational

alternatives. If the more intelligent adolescents are exposed to more difficult

educational demands, then a positive association is found between genotype and

environment. But CovGE may be negative as well, a situation that may occur, for

instance, when children of lower intelligence are given enhanced educational

opportunities to improve their scholastic performance. A CovGEis literally a

statistical association between genotypes and environments, and should be given the

same interpretation as any correlation between two observed variables.

At present, no one has proposed a developmental theory as to how GxE might

influence individual differences. This is not the case for CovGE. Scarr and

McCartney (1983) proposed a theory of development that incorporated three types

of CovGE, each distinguishable by the process inducing the correlation. Passive

CovGErefers to the transmission of both genes and environments from parents to

children. By parents transmitting both genes and environments, children are passive-

ly exposed to environments correlated with their genetic endowments. Evocative

CovGE(referred to as “reactive” by Plominet al. (1977)) occurs when a child evokes

experiences that derive from the reactions of others to the child’s genetically

influenced behavior. Active CovGE refers to the child’s selection of an environment

correlated with the child’s genotype. According to Scarr and McCartney, the

relative importance of the three CovGEs changes across childhood. The influence

of passive CovGE declines from infancy to adolescence, whereas the importance of

evocative and active CovGE increase over the same period. Thus, the period of

middle childhood, the focus of this book, should witness the decline of passive

CovGEandthe rise of evocative and active CovGE.

The Colorado Adoption Project (CAP) provides an opportunity to assess the

importance of both GxE and CovGE across development, and indeed previous

attempts in the CAP have done so for infancy (ages 1 and 2; Plomin & DeFries,

1985) and early childhood (ages 3 and 4; Plomin, DeFries, & Fulker, 1988). A

hierarchical regression model has been used to detect the presence of significant

GxXEon a diverse number of child outcome measures. Under this regression model,

the genotype of the adopted child is represented by the phenotypic score obtained

from the biological mother. The environment of the adopted child may be repre-

sented as either the phenotypic score obtained by an adoptive parent or somedirect

measure of the adoptive home environment. Asa first step, the main effects of genes

and environments are entered into the regression equation. Then, the change in

R’ is examined uponentry of an interaction term. If the change in R?is significant,

evidence exists for the significance of GXE.

Plomin and DeFries (1985) have reported the results of applying this regression

approach at 1 and 2 years of age to the prediction of a host of child outcome

measures, using a numberofbiological and adoptive parent/home measures. Of the
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80 regression equations computed at each age, only one at each age was statistically
significant at p < .05: at year 1, the interaction of EASI Emotionality-Anger and
HOMEAvoidanceof Restriction and Punishmentin the prediction of adopted child
CCTI Emotionality, and at year 2, the interaction of EASI Activity and FES
Traditional Organization in the prediction of adopted child CCTI Activity. Plomin
et al. (1988) have reported GxEresults from the CAP for children 3 and 4 years of
age. Of the many GxEs explored in this analysis, not one, including the two
significant interactions found in the earlier years, was significant at p < .05. Thus,
to date, GXE has proven difficult to detect in the CAP data.
The CAP data have revealed more promising results for the significance of

CovGE. Two analytic approaches have been used to assess the magnitude of
passive CovGE.Thefirst, and more complicated approach, uses a parent—offspring
design, wherein the correlations between adoptive parents and adopted children are
compared with the correlations between biological parents and their children. This
“model-fitting” approach typically obtains maximum-likelihood parameter estimates
of passive CovGE.

For the traits examined to date, passive CovGEassessed through model-fitting
has been found to be generally minute but occasionally significant. For example,
Plomin, Coon, Carey, DeFries, and Fulker (1991) found for CCTI temperament
traits the following values: Emotionality (.00), Activity (.01), Sociability (.04), and
Impulsivity (.00). Values for passive CovGEfor general intelligence range from .01
to .05 for ages 1 through 7 with no discernible pattern (Fulker, DeFries, & Plomin,
1988). In the realm of specific cognitive abilities, passive CovGE for perceptual
speed (.02) at age 3 and for verbal ability (.04) at age 4 are significant (Bergeman,
Plomin, DeFries, & Fulker, 1988). Plomin et al. (1988) also report very small values
of passive CovGE(less than .05) for height and shyness for ages 1 through 4.
The second approachto the assessment of passive CovGE,and the approachtaken

in this chapter, is to compare the variances of adopted children with those of
children reared by their biological parents. When positive, passive CovGE increases
the phenotypic variance of nonadopted children but not adopted children, for
adoptive parents and adopted children share no genetic variance and thus passive
CovGE cannot occur. If passive CovGEis significant, significant variance differ-
ences must exist between the two types of children. When the variance for
nonadopted children significantly exceeds the variance for adopted children, positive
passive CovGEis in evidence; when the magnitudeof the difference favors adopted
children, evidence for negative passive CovGE has been obtained.
Using this approach for detecting passive CovGE, Plomin and DeFries (1985) and

Plomin etal. (1988) compared the variances for adopted and nonadopted children,
ages 1 through 4, for a number of cognitive, personality, and physical variables
measured in the CAP. Their general conclusion was that outside the cognitive
realm, little evidence existed for passive CovGE. Nevertheless, evidence was found
to support Scarr and McCartney’s (1983) hypothesis that passive CovGE does
decline from infancy. The variance-comparison approach to the detection of
significant passive CovGE, in comparison with the model-fitting approach, is less
powerful and subject to higher standard errors (Loehlin & DeFries, 1987). Yet, with
sample sizes of sufficient magnitude, the comparison of variances can be an effective
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means of uncovering significant passive CovGE (Eaves, 1976). Certainly, the

variance difference test has the advantage of not requiring the inclusion of both

parents and children within the same analysis.

The CAP design also provides a means of identifying evocative CovGE using

specific measures of the environment (Plomin et al., 1977). Evocative CovGE can

be assessed by the correlation between the phenotypic score of the biological

mother and an environmental measure of the adoptive home of the adopted-away

child. A biological mother’s score serves as an index for the genotype of the child,

while the environmental measure of the adoptive home indicates the influence of

the child on the environment. Most of the evocative CovGEs examined in the

CAParenotsignificant (Plomin & DeFries, 1985; Plomin et al., 1988). The highest

found was —.17 between the Activity dimension of the EASI Temperament Survey

and the first principal component extracted from a factor analysis of the HOME.

The approach taken to the assessment of evocative CovGEin this chapter extends

the previously used method by employing a multivariate design: Canonical correla-

tions are computed between a set of measures obtained from biological mothers

and a set of adoptive-home environmental measures reactive to the behavior of

the child.

Active CovGE will not be assessed in this chapter, for the CAP design provides

no unambiguous method by which active CovGE may be examined. In theory, the

estimation of active CovGE could proceed in a fashion similar to evocative CovGE:

A set of environmental measures sensitive to the tendency of children to select

certain stimuli from the environment could be correlated with a set of relevant

cognitive and personality variables measured on biological mothers. However,

environmental measures employed in the CAP seem morereasonably interpreted as

measures of the reactive environment.

Both GxE andpassive and evocative CovGE will be examined for the period of

middle childhood. In the case of CovGE, special attention will be given to the

developmental hypotheses proposed by Scarr and McCartney (1983).

Results

Genotype-environment interaction

Due to the large number of variables available for children and adults and for

adoptive home environments in the CAP, the numberof possible GXxEs to explore

is overwhelming. For this reason, somerestrictions are required on the number of

GxEs analyzed. A major restriction employed in this chapter is that child outcome

measures(e.g., parental ratings of the children’s activity) were only analyzed with

comparable adult measures(e.g., parental self-report of activity). (The only excep-

tion is that parental Extraversion and Neuroticism were employed because of their

importance for adult personality; they were studied in relation to the temperament

outcome measures of the children.) The environmental measures werealso limited.

The major measures of the adoptive family environment were the three second-
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order factors of the Family Environment Scale (FES: Moos & Moos, 1981). In
addition, parental measures for the adoptive parents were also used as “environ-
mental” measures in the adoptive homes. In all, 78 GxE interactions were analyzed
at age 7 (the only one of the four ages analyzed that included height, weight, and
the interaction of biological mother’s IQ with the IQ of the adoptive mother and
the three scales of the FES); and 72 GxE interactions at ages 9, 10, and 11. The
measures used to assess the parents, the environment, and the children’s outcomes
are summarized in Table 20.1.

Table 20.1 Summary of measures used for the assessment of
genotype—environmentinteraction
LL

eeeeeesesess—‘e

Measure Referenceeee
Adult

Extraversion Cattell’s 16 Personality Factor Test (Cattell,
Eber, & Tatsuoka, 1970)

Neuroticism
Emotionality—Fear EASIself-report (Buss & Plomin, 1975)
Emotionality—Anger
Activity

Sociability
General Intelligence Plomin and DeFries (1985)
Depression

Sociopathy
Artistic Interests
Group Sports Interests
Individual Sports Interests
Mechanical Interests
Height /Weight

Environment
Relationship Family EnvironmentScale
Personal Growth (FES: Moos & Moos, 1981)
System Maintenance

Child

Emotionality Colorado Childhood Temperament Inventory
Activity (CCTI: Rowe & Plomin, 1977)
Sociability

Attention Span
Anxious/Depressed _ Child Behavior Checklist (CBCL: Achenbach &

Edelbrock, 1983)
Delinquent

General Intelligence WISC-R (Wechsler, 1974)
Artistic Interests Plomin and DeFries (1985)
Group Sports Interests
Individual Sports Interests
Mechanical Interests
Height /Weight

—_—-—_——_———————eeeeses—it



Table 20.2 Use of genotype-environmentinteraction (GxE) to predict child behavior

Table20.2_Useofgenotype-environmen

eee

eeeoa

R? change

Variables Age 7 Age 9 Age 10 Age Il Other

Genetic Environment Child (N=171-19]1) (N= 161 - 185) (N=158-177) (N= 127-145) ages

Sociability Relationship Sociability .O1 .00 .02** .00 3

Neuroticism Personal Growth —Sociability .02** .03** 01 .00 None

Extraversion Relationship Sociability .02** .00 .02** 01 1, 2, 4,5

Neuroticism Personal Growth Attention 01 .02** O01 .00 5, 6

Extraversion Personal Growth Attention .01* 02 .02* .00 2

Extraversion Maintenance Attention 01 .02** 01 .00 1

Depression Relationship Anxious .00 .02** .00 01 None

Depression Personal Growth Anxious O5*** .00 .00 .00 None

Sociopathy? Maintenance Delinquent .00 .00 .04* .04* None

Intelligence Relationship Intelligence .04*** — — — None

Artistic Artistic Artistic 01 .03** .04** 01 5, 6

Artistic Relationship Artistic 01 .03** .00 .03* 5

Artistic Maintenance Artistic .00 .00 .03** .00 4

Ind. Sports Ind. Sports Ind. Sports .00 .00 .00 05*** None

Ind. Sports Personal Growth Ind. Sports .00 .00 01 .04*** None

Ind. Sports Maintenance Ind. Sports 03*** .00 .00 01 None

Mechanical Mechanical Mechanical 01 .00 .03** .00 None

MechanicalMechanicalMechanical

U0

eee



at a probability level of less than .05 are summarized in Table 20.2. Although thetwo exceptions, the interaction between Extraversion and Personal Growth and the

significant at each age is not notably different: Age 11 has the smallest numberof significant interactions, 4, in contrast with age 10, which has 7. If this is areliable difference between the two ages, it cannotbe ascribed wholly to sample sizedifferences, for the magnitude in R? changeis also smaller at age 11. In addition,within any of the four ages, the number of significant interactions hardly differsfrom what would have been expected by chance. For example, at age 7, thesignificant interactions are approximately 6%of the total number analyzed; at age9, approximately 9%; at age 10, approximately 10%, and at age 11, approximately6%. Moreover, 11 of the 17 interactions occur at only one age, with the remaining6 appearing at two ages. Perhaps the greatest confidence should be placed in those
interactions that appeared at more than one age. When the 17 interactions
significant in middle childhood were examined for ages 1-6, 8 were found to be
significant (p < .10), as indicated in Table 20.2. However, no matter what the age,
little additional variance in the dependentvariable is accounted for by the inclusion
of a significant interaction, the R2 change ranging from .01 to .05.
As

a

particularly interesting example of a GxE, Figure 20.1 depicts the interac-
tion between biological mother Depression and adoptive home FES Relationship in
the prediction of the adopted child’s CBCL Anxious/Depressed score at age 9.
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Figure 20.1 Adopted children’s CBCL Anxious/Depressed scores at age 9 as a function ofbiological mothers’ Depression and adoptive families’ FES Relationship.
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According to Figure 20.1, genetic differences in depression are more important

in families low on Relationship. In these families, children with a higher genetic

predisposition for depression experience greater anxiousness than children with a

lower genetic predisposition for depression. Conversely, in families high on Rela-

tionship, genetic differences among children do not exert an influence on individual

differences in anxiousness. Further, for children with a lower genetic predisposition

for depression, it does not appear to matter whether the child is reared in a family

high or low on Relationship, for the predicted level of anxiousness is about the same.

In summary,if this interaction is not spurious, then high Relationship may act as a

buffer against the development of severe anxiousness for children with a genetic

propensity for depression.

As another example, Figure 20.2 presents the interaction between biological

mother Sociopathy and adoptive home FES System Maintenance in the prediction

of the adopted child’s CBCL Delinquent score at age 10. The form of the

interaction at age 11 is identical. The effect of genetic differences in sociopathy

among adopted children is most apparentin families with low System Maintenance:

Children with a higher genetic propensity for sociopathy exhibit a greater degree of

delinquent behavior than children with a lower genetic propensity for sociopathy.

But in families with high System Maintenance, delinquency is not associated with

genetic differences in sociopathy. Interestingly, while the level of delinquency for

children with a high genetic propensity for sociopathy declines when they are reared

in a high System Maintenance home, the level increases for children with a low

genetic propensity for sociopathy. The familial imposition of structure and order on

a child not previously inclined to delinquent behavior may be counterproductive,

even if beneficial for those children whoaresoinclined.

 

° 2.0

&> 19
©
c 1.8
2
Oo
= 1.7
oO

3 16
8
Bo «15 Lec

So ~
© 1.4

.

°
___. Biological mother high

o 41.3
in Sociopathy

©
—-—- Biological mother low

5 1.2
o

in Sociopathy

> 1.4
a
a 1.0
mo
Sr

Low High

FES system maintenanceof adoptive home

Figure 20.2 Adopted children’s CBCL Delinquent scores at age 10 as a function of

biological mothers’ Sociopathy and adoptive families’ FES System Maintenance.
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While there are 17 significant interactions in middle childhood, this number does
not exceed what would have been expected by chance alone. Consistent with
previous CAP findings at earlier ages, the evidence of GxEfor individual differences
remains weak.

Passive genotype-environmentcorrelation

Theselection of measures for the assessment of passive CovGE was
presence in each of the ages under study,
the scales of the Self-Perception Profi
at 7 years.

guided by their
7 through 11. However, for one measure,

le (SPP: Harter, 1985), data were notavailable
For two measures, data were available at ages youngerthan 7 years, thuspermitting a test of Scarr and McCartney’s (1983) hypothesis ofa decline in passiveCovGEacross childhood: At ages | through6, the scales of the Colorado ChildhoodTemperament Inventory (CCTI: Rowe & Plomin, 1977), and at age 4, the scales ofthe Child Behavior Checklist (CBCL: Achenbach & Edelbrock, 1983). An additionalmeasure, the CAP Social Competence Scale (CSCS), was available only for children7 through 11 years of age.

Table 20.3 presents the results, in terms of stan
the variances of adopted (A) and nonadopted (B) children. At 7 years of age, 7variance differences were significant; at 9 years, 6, at 10 years, 3, and at 11 years,6. Thus support is not given to the Scarr and McCartney (1983) hypothesis of adecline in the influence of passive CovGE, for the number of significant variancedifferences among the age groups does notgreatly differ. Indeed, for three of thescales of the CCTI, Emotionality, Activity, and Attention Span, significant variancedifferences appeared at ages 5 and 6, but not earlier. In one respect, though,Emotionality and Activity do somewhat support the hypothesis of a decline inpassive CovGE, for significant vari

dard deviations, from comparing

the appearance, in nearly every case where

a

significant difference occurs, of theadopted child variance exceeding the nonadopted child variance, a phenomenonthatsuggests the effects of negative passive CovGE on nonadoptedchildren.
In summary, some evidence emerges for passive CovGE in middle childhood,

although it is negative in direction. Comparisons with
ar downward trend in the numberof significant passive

Evocative genotype-environmentcorrelation

For the computation of the evocative canonical CovGE, 15 adult measures wereused for the biological mothers, and the three second-order FES scales were usedat each age as measures ofthe adoptive home environment. In addition to the adult



Table 20.3 Passive genotype-environment correlation: comparisons of standard deviations for adopted (A) and nonadopted (B) children

    

Ages

7 9 10 I]

A B A B A B A B

Measure (N = 249-258) (N= 251-269) (N= 212-248) (N = 197-230) (N= 171-222) (N= 165-205) (N=145—188) (N = 137-175)

CBCL

a

Aggressive 5.92** 4.95 5.85** 4.87 5.42 5.52 5.67 5.04

Anxious/Depressed 3.02* 2.82 3.49 3.16 3.43 3.60 3.62 3.46

Attention 3.17*** 2.47 3.17*** 2.46 3.02 2.70 3.10*** 2.32

Delinquent Problems _1.78*** 1.39 1.73*** 1.39 1.57*** 2.18 1.74 1.26

Social Problems 1.88 1.71 2.13*** 1.73 2.15 2.26 2.13 2.03

Somatic Problems 1.44 1.39 1.43 1.51 1.65 1.80 1.45* 1.70

Thought Problems 85 .64 .67 57 .60*** 1.12 .61** 49

Withdrawn 1.85 1.76 1.92 1.73 2.01 2.09 2.24 2.33

Internalizing 5.15 4.62 5.36 5.12 5.64 6.27 5.80 6.26

Externalizing 7.28** 5.96 7.06** 5.90 6.61 7.24 6.95* 5.87

CCTI
Activity 2.98 2.74 3.92 3.58 3.70 3.76 4.03 4.18

Attention Span 3.72 3.41 4.09* 3.56 4.17* 3.64 4.29* 3.63

Emotionality 4.28 4.17 4.41 4.29 4.10 4.27 4.23 4.18

Sociability 3.99 3.96 4.25 4.02 4.51 3.99 4.50 3.91

CSCS
Confidence 7.19 6.65 7.05 7.17 7.50 7.79 7.26 7.87

Leadership 6.63 6.77 5.22 5.09 7.19 6.92 7.16 7.04

Popularity 3.59 3.46 _ 3.73 3.65 3.88 4.42 3.70 4.21

Problem Behavior 5.28** 4.39 3.96 3.87 4.87 4.35 4.57 4.41

Harter
Physical Appearance 3.49 3.44 3.90 3.63 3.59** 2.90

Athletic Competence 3.36 3.49 3.39 3.55 3.64 3.68

Behavior Conduct 3.32 3.37 3.17 3.05 3.00 3.10

Self-Worth
2.95 2.75 2.66 2.64 2.43 2.22

Scholastic Competence 3.66 3.54 3.44 3.28 3.36 3.35

3.13 3.52 3.40 3.73 3.49 3.65
Social Acceptance

*p < .05, **p < .01, ***p < .001.
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measures listed in Table 20.1, a few other measures were employed: 16PFIndependence and Tough Poise (Cattell, Eber, & Tatsuoka, 1970), EASI Impulsiv-ity, and measures of parental talent rather than interests.
Table 20.4 presents the unrotatedfirst canonical correlations obtained at each age.Along with the correlations computed between biological mothers and adoptivehomes, correlations for “controls,” or nonadoptive parents rearing their nonadoptedchildren in control homes are provided for comparison. Results indicated in Table20.4 clearly confirm Scarr and McCartney’s (1983) hypothesis of an increase inevocative CovGE throughout childhood. An increase in the canonical correlations

11. This stability is Surprising, for an increase in the contribution of evocativeCovGE would be expected to occur for control mother — control home as well asfor biological mother — adoptive homepairs.

Table 20.4 Canonical evocative genotype—environment
correlation
ees

Biological mother — adoptive Control mother — control
home homeee ce

Age R F N R F NI

l .36 1.12 201 38 3.81***

=

203
3 .32 .88 194 56 2.92*** 184
5 .34 9] 165 38 2.58***

=

17]
7 .33 .99 166 35 2.32*** 179
9 .40 1.15 145 .63 2.81***

=

150
10 45 1.39* 143 33 1.95***

=

136
11 38 1.23 63 59 1.30 62_

Note: BM = biological mother; AH = adoptive home; CM = control
mother; CH = control home.
*p < .05, ***» < 001

In order to obtain a sense of the measures contributing most to the significanceof the evocative CovGEs at ages 9, 10, and 11, Table 20.5 presents the canonicalstructure at ages 9, 10, and 11 for the biological mother — adoptive homecorrelations. Examining the canonical structureat each age, one finds that the talentof Domestic Arts has the highest correlation with the biological mother variate atages 9 (.59) and 10 (.68) but not at 11 (—.09), where it is replaced in importance bythe talent of Mechanical Arts (.59). The explanation for this pattern of correlationslies with the relationship between Domestic Arts and Personal Growth. Personal
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(.24) and 10 (.32) of any of the correlations between the biological mother and

adoptive home environment, thus leading these two variables to define their

respective canonical variates. Analogously, the bivariate correlation at age 1]

between Mechanical Arts and System Maintenance (.25) is among the highest, thus

causing these two variables to define their respective canonical variates. General

Intelligence is negligibly correlated with the FES factors at each of the ages,

and thus contributes little to the definition of the biological mother canonical

variate.

Table 20.5 Canonical structure for Biological mother — adoptive homecorrelations

    

Variable Biological motherset Variable Environmental set

Age Age

9 10 I] 9 10 Il

Intelligence 05 -—.04 .O1 Relationship —.05 18 40

Extraversion 13 30 56 Personal Growth 87 92 -.26

Neuroticism .61 28

8

-.31 System Maintenance .54 .63 .83

Tough Poise —04 -—-.13 .64

Independence —21 -—-.11 14

Activity A5 22 18

Anger 42 34 =©-.00

Fear 33 05 -.39

Sociability 13 25 56

Impulsivity 04  -.02 .06

Artistic -—11 -.03 .33

Group Sports —.04 -.10 .46

Individual Sports -—.02 13 59

Domestic Arts 59 68  -.09

Mechanical Arts -.00 -.09 59

eC

Ce
n

Note: Numbers in the body of the table are correlations.

Discussion

The purpose of this chapter was to investigate the contribution of genotype-envir-

onment interaction and two types of genotype—environment correlations, passive

and evocative, to the development of individual differences in middle childhood.

GxE refers to the differential sensitivity of different genotypes to the same

environment, whereas CovGE refers to the selective exposure of genotypes to

different environments. As pointed out earlier, no developmental theory has been

proposed to explain how genotypes and environments interact to produce develop-

ment, or what the magnitude of the interaction might be at particular points along

the developmental trajectory. On the other hand, Scarr and McCartney (1983) have

proposed three mechanisms for the inducementofa correlation between genotypes

and environments, and havestipulated the relative importance of each throughout

development.
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confidence in the veracity of the findings.
A likely reason for the failure to uncover a greater numberof significant GxEs

discovering significant GxE. McCall (1991) has pointed out that in naturalisticcontexts, person and environmental harmony can often be expected to prevail, thus

been obtained in the CAP (Plomin & DeFries, 1985). The second artifact, the

DeFries, 1985).
Evocative CovGE, the tendency for genotypes to elicit different reactions fromthe environment, was significant during middle childhood, but not earlier, a resultconsistent with Scarr and McCartney’s (1983) hypothesis. Indeed, by age 11, thecanonical evocative CovGE was .58, hardly different from the value of .59 found forthe canonical correlation computed for control families. Here, selective placementwould have increased spuriously the canonical correlations computed betweenthe set of biological mother measures and adoptive home measures, but as notedabove, selective placement is not evident in the CAP. Somewhat puzzling was thefinding ofstability in the control mother—control child canonical correlations withinthe age period of 1 through 11 years. Although the control mother-control homecanonical correlations do not directly assess evocative CovGE as the biologicalmother—adoptive homecorrelations do, it would have been expected that evocative

correlations.
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One consequence of the finding of significant evocative CovGE may be a

redoubled effort to construct measures of the environment sensitive to evocative

effects. Fortunately, the FES scales partially fulfill the requirements of an evoca-

tive measure(i.e., reactivity to the behavior of the individual), but better measures

are needed. If there is more than onechild in the family, the FES responses provided

by the parents represent, at best, a concatenation ofthe effects ofall the children’s

behaviors. Measures for the detection of active effects are even more notable for

their absence, given the large body of evidence (Lerner & Busch-Rossnagel, 1981)

for the active role individuals take in constructing their development.
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Robin P. Corley

chapters of this book. In this chapter, w
adoption. Specifically, we compare various indices of adjustment of adopted andnonadopted children, and explore possible etiologies of adjustment differences. Weregard adjustment, broadly defined, as the ability to function adequately in a varietyof situations such as home, school, and with peers. Although the CAP dataare also

, such as selective placement and timing of placement(Plomin and DeFries, 1985), adjustment of adoptees during middle childhoodis thefocus of this chapter.
Findings reported from previous research on adjustment of adoptees have beenmixed. Results of several studies (Brodzinsky, 1990; Deutsch et al., 1982; Hersov,1985; Kotsopoulos et al., 1988) suggest that adoptees are over-represented in clinical

ch on some non-clinical popula-
have more problems than nonadoptees

Schechter, Braff, & Singer, 1984; DiGiulio, 1988;

tions also indicate that adoptees may
(Brodzinsky, 1987; Brodzinsky,
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noted that early adolescence is a time of questioning and turmoil which may be

particularly troublesome for adopted children (Grotevant & McRoy, 1990). For

females, sexual maturation may cause special difficulties for adoptees (Schechter &

Bertocci, 1990).

In order to assess the long-term consequences of adoption, Bohmanand Sigvards-

son (1978, 1985, 1990) conducted a prospective longitudinal study of three cohorts

of children who had been registered for adoption in Sweden. One group consisted

of 208 children whose mothers had intended to place them but did not; a second

group included 203 children who were placed in long-term foster care (which

eventually led to adoption by the foster parents), whereas the 168 children in the

third group were adopted in infancy by well-prepared parents. Various outcomes for

these children were compared to those from a control group at 11, 15, 18, and 23

years of age. At each age, girls in the three groups did not differ significantly from

the controls. In contrast, at age 11, the boys in the three placement groups had a

higher incidence of behavior problems than did the controls, suggesting that

adopted boysare at risk, although not more so than male children of unplanned

pregnancies whose mothers chose to rear them or who wereplaced in foster care.

However, by age 15, the boys adopted by well-prepared parents were nearly as well

adjusted as the controls. The boys who had not been placed for adoption and those

who had been in long-term foster care continued to manifest greater maladjustment

than the controls. Outcomes were assessed only from military records at age 18 and

from criminal and alcohol records at age 23. Nonetheless, outcomes continued to be

favorable for adoptees.

A recent meta-analysis of 62 studies of adoptees’ psychological adjustment showed

greater maladjustment overall in adoptees. However, larger effect sizes occurred in

studies with older subjects and clinic samples (Wierzbicki, 1993).

In addition to providing longitudinal data concerning the outcomes of adoption,

the CAP design facilitates an analysis of the etiology of adjustment differences. For

example, differences between adopted and nonadopted children may be due to

heritable influences. That is, if adopted and nonadopted children differ for some

measure of adjustment, this could be due to differences between the birth parents

and control parents. The CAPis one of the few adoption studies with extensive data

on birth parents, and the only study with any information on birth fathers.

Alternatively, differences between adopted and nonadopted children may be due to

home environmental influences. Because the CAP has extensive information about

the biological, adoptive, and nonadoptive parents, as well as about the adoptive and

control home environments,the etiology of adjustment differences can beassessed.

If differences are negligible between birth parents and adoptive parents, or between

home environmentsin adoptive and control families, any observed differences between

adopted and control children may be attributable to the adoption process itself.

The present chapter addresses several questions concerning the extent and

etiology of adjustment differences in adopted children. First, are there develop-

mental differences between adopted and nonadopted children? If so, do adoptive

parents or adoptive home environments differ from those of control families? Do

relinquishing birth parents differ from control parents? Are the prenatal and

perinatal experiences of adoptees different from control children? And finally, 1s
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between the adopted and nonadopted children.
Children’s cognitive and scholastic abilities were

session after the completion of the first grade of school, when the WISC-R

measured at age 9 in
le for children (Harter, 1982).
the WAIS-R (Wechsler, 1981),
he laboratory session.

and problem behaviors were measured by question-

response to questions on the Self-Perception Profi
The adoptive and control parents were administered
typically when they accompanied their children to t
Temperament, personality,
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Although we do not make direct assessments of the environment in the home

during middle childhood, parents in the CAP completed modified versions of the

Family Environment Scale (FES: Moos & Moos, 1981) when the children were 7

and 9 years old. At age 7, we added Dibble and Cohen’s Parent Report (PR), (1974)

to the CAP battery of parent-rated environmental assessments.

Prenatal and perinatal environmental circumstances were assessed from hospital

records and maternal reports. Questions regarding use of coffee, alcohol, and

nicotine were included in the initial paper-and-pencil test for all parents. Five-

minute APGARscores and birthweight data were abstracted from hospital records

provided by the agencies for the adopted children and by the hospitals for the

control children.

In an earlier book, Plomin and DeFries (1985) reported comparisons among

adoptive, birth, and control parents and between adoptive and control home

environments and children. Overall, few differences between the groups were found.

tle evidence for selective placement and no important differences

erged through age 2. In this chapter,

le (more than 100 families have been

and 9-year-olds), and we

matched

In addition, lit

between adopted and nonadopted children em

we report group differences from a larger samp

added to the CAP) tested at later ages (focusing on 7-

consider the effects of placement in homes which are well matched or un

to the child’s biological propensities.

Outcomes in middle childhood

As reported in Chapter 4, the CAP adopted and nonadopted children score

significantly higher and exhibit less variance on IQ than the national sample

(Wechsler, 1974). At 7 years, mean scores for the 108 adopted boys and 89 girls are

113.6 (SD = 11.0) and 109.3 (SD = 9.8), whereas they are 115.4 (SD = 11.5 and

113.7 (SD = 10.6) for the 115 control boys and 100 girls. For the Reading

Recognition test, differences between adopted and nonadopted children are not

significant. Although the difference approaches significance for the KeyMath

Numeration test, adoption does not appear to increase the risk of problems on

achievementtests.

The means and standard deviations for adopted and nonadopted female and male

children’s temperament and behavior problem scores are presented in Tables

21.1-21.4 for parent, teacher, and tester reports, and children’s self-reports,

Gender differences are found in multiple domains, especially activity,
respectively.

4% of the variance. Most tests for
but in no case do they account for more than

gender-by-status interactions are not significant;

perception of scholastic skills and self-esteem, with adopted girls at age 9 rating

themselves lowest on this scale.
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Tables 21.1 and 21.2 report means for parent and teacherratings of temperamentand behavior problems. Parents and teachers rate adopted children higher on theCBCL Externalizing scale at 7 and 9 years of age. Other significant differences inTables 21.1 and 21.2 involve components of Externalizing problems: For example,at both 7 and 9, teachers rate adoptees as less persistent and having a shorterattention span than nonadopted children. Adopted children are also rated assignificantly less confident at 7 and 9. In contrast, at both 7 and 9, parents rateadopted children as more sociable than nonadopted children. It should be emphasized,however, that although these differences are statistically significant given therelatively large sample sizes, the differences account for only 2 to 8% of thevariance. Ratings of stressful events and illness at age 7 showed no significantdifferences between adopted and nonadopted children.

Age 7 CBCL?
Internalizing 05

=

(1.1) 14 (1.0) 13 (1.2) ~.05 ( .9)Externalizing! 22 (1.1) -.04 (9) 13 (1.0) —.15 ( .9)Age 7 CCTI
Sociability! 20.0 (4.3) 18.5 (4.1) 19.8 (3.8) 18.5 (3.7)Emotionality 14.2 (4.3) 14.3 (4.1) 13.3 (3.7) 14.0 (3.6)Activity” 18.8 (4.1) 18.7 (3.4) 20.3 (3.1) 19.6 (2.8)Attention Span 18.3 (3.3) 18.1 (3.2) 18.8 (3.2) 18.5 (3.1)Age 7 CSCS‘
Leadership 34.3 (5.7) 33.1 (5.8) 33.3 (4.7) 32.6 (4.8)Problem Behavior? 22.0 (5.4) 21.6 (4.7) 23.6 (5.8) 23.2 (5.3)Popularity 23.8 (3.4) 23.4 (3.5) 23.2 (3.7) 23.3 (3.4)Confidence 46.9 (5.3) 45.9 (5.1) 44.1 (5.6) 44.9 (5.3)

(N = 81 — 82) (N = 74) (N = 96 — 97) (N = 92 — 93)
Age 9 CBCL?

Internalizing 02 ( .9) 12 (1.0) .08 (1.0) .00 (1.1)Externalizing! 15 (1.0) -.07 (.8) .10 (1.1) —.09 ( .9)Age 9 CCTI>
Sociability! 20.3 (4.1) 19.1 (4.1) 20.1 (4.1) 19.0 (4.1)Emotionality 13.8 (4.4) 14.1 (4.4) 13.4 (3.9) 13.6 (4.1)Activity!” 18.7 (3.9) 17.9 (3.6) 19.9 (3.8) 18.8 (3.4)Attention Span 185 (4.1) 185 (3.2) 18.0 (4.1) 18.1 (3.8)

a Achenbach’s Child Behavior Checklist.
b Colorado Childhood TemperamentInventory.
© CAPSocial Competence Scale, parent and teacher version.
Significant status difference. (p < .05)

? Significant gender difference (p < .05).
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Table 21.2 Teacher reports of children’s behavior and temperamentat years 7 and 9

GirlsMeasure

Adopted

Mean SD

 

Nonadopted

Mean SD Mean

Boys

SD

ae

Adopted
Op

Mean SD

Nonadopted

EE

SNSeFSFSesFseseese

(N=70-85) (N= 92-95) (N = 103-106) (N=110- 112)

Age 7 CBCL?

Internalizing 04 (.9) —06 (1.1) 05 ( .9) —.04 (1.1)

Externalizing’ 1 (1.2) -—19 (9) 21 (1.0) —.12 (1.0)

Age 7 CCTI°
Sociability 18.8 (4.4) 18.2 (4.1) 18.6 (3.4) 17.5 (4.3)

Emotionality 10.2 (3.9) 10.3 (4.2) 11.0 (4.2) 11.2 (4.6)

Activity!” 18.4 (4.1) 17.6 (4.0) 19.7 (3.8) 18.7 (3.7)

Attention Span” 18.3 (3.9) 19.4 (3.8) 16.7 (4.2) 18.0 (3.6)

Age 7 CSCS‘ |

Leadership 30.6 (6.6) 31.9 (7.0) 29.3 (6.2) 31.1 (6.3)

Problem Behavior’’ 20.5 (6.5) 19.0 (5.5) 24.2 (7.6) 21.2 (6.3)

Popularity 21.9 (4.2) 22.4 (4.1) 21.5 (4.6) 22.0 (4.4)

Confidence’” 43.5 (7.5) 45.9 (7.0) 40.7 (7.7) 43.3 (7.4)

(N=75-77) (N= 69-74) (N = 90 - 91) (N = 76 - 79)

Age 9 CBCL?

Internalizing 02 (1.0) -.04 (1.1) .09 (1.0) —.06 ( .9)

Externalizing' 16

=

(1.1) —.07 (1.0) 24 (1.1) —.22 ( .8)

Age 9 CCT?
Sociability 18.8 (4.3) 18.7 (4.3) 18.6 (3.5) 17.8 (3.9)

Emotionality 10.2 (4.2) 10.7 (4.6) 11.5 (4.3) 10.7 (4.6)

Activity’ 18.2 (3.8) 17.7 (4.0) 19.0 (4.1) 18.6 (4.1)

Attention Span’ 17.4 (4.1) 18.4 (4.1) 16.7 (4.6) 18.0 (3.8)

Age 9 CSCS*

Leadership’ 29.4 (7.1) 30.6 (7.4) 29.6 (6.9) 32.3 (5.9)

Problem Behavior’ 21.4 (5.7) 20.4 (6.3) 23.7 (7.5) 22.1 (7.4)

Popularity 21.4 (4.3) 22.0 (4.8) 21.2 (5.0) 21.7 (4.5)

Confidence’ 41.8 (8.1) 44.0 (7.8) 40.0 (7.7) 42.2 (7.4)

Confiden
ce

4 Achenbach’s Child Behavior Checklist.

b Colorado Childhood Temperament Inventory.

© CAP Social Competence Scale, parent and teacher version.

' Significant status difference (p < .05).

? Significant gender difference (p < .05).

As shown in Table 21.3, tester ratings from the laboratory session at 7 years of

age yield significant status differences for Modified Behavior Record (MBR)

Attention Span, CCTI Emotionality, Activity, and Attention Span, and CSCS

Self-Esteem, findings which generally agree with the teacher data. Again, how-

ever, these mean differences account for less than 4% of the variance of these

measures.
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Table 21.3 Tester ratings of behavior and temperamentat year 7=

ee

Girls Boys
Behavior and Adopted Nonadopted Adopted Nonadopted
temperament scales Mean SD Mean SD Mean SD Mean SD

(VN=66-91) (N=80- 100) (N= 82 — 108) (N = 83 — 116)
MBR?

Attention span! 22.0 (3.4) 22.6 (3.2) 21.4 (3.7) 22.4 (3.7)Fear 8.8 (3.1) 8.4 (2.5) 8.4 (2.6) 8.1 (2.7)Sociability? 6.3 (1.6) 6.6 (1.4) 6.0 (1.4) 6.2 (1.5)Impulsivity 13.2 (2.2) 13.0 (1.7) 13.6 (1.8) 13.2 (1.9)ccT?r>
Sociability 3.7 (1.0) 3.7 ( .8) 3.7 ( .8) 3.7 (1.0)Emotionality! 1.7 ( .6) 1.4 ( .6) 1.5 ( .7) 1.4 ( .7)Activity!” 3.6 ( .7) 3.4 ( .7) 3.8 ( .7) 3.6 ( .7)Attention Span! 3.2 ( .8) 3.5 ( .9) 3.3 ( .9) 3.5 (1.0)CSCS*

Self-Esteem! 20.3 (2.6) 21.1 (2.7) 20.4 (2.8) 20.5 (2.8)Independence 16.3 (3.2) 16.7 (2.9) 16.6 (2.9) 16.8 (3.0)Competence 17.2 (3.0) 17.8 (2.9) 17.1 (2.7) 17.1 (2.7)Leadership 17.2 (2.9) 17.6 (2.9) 16.7 (2.6) 17.3 (2.7)Adult Interaction 19.6 (3.6) 20.5 (2.9) 19.0 (3.5) 19.6 (3.7)C—O)
* Modified Behavior Record.
b Colorado Childhood Temperament Inventory.
© CAP Social Competence Scale, tester version.
I Significant status difference (p < .05).
” Significant gender difference (p < .05).

Table 21.4 lists mean comparisons for children’s self-ratings from the telephoneinterview at 9

Table 21.4 Children’s self-perceptions at year 9

Measure Girls Boys——_——
Adopted Nonadopted Adopted NonadoptedEE

NONAMOpt
CE

Mean SD Mean SD Mean SD Mean SD
T
G

OMMean
SD

(NV = 85 — 87) (N=80- 81) (N=103) (N=90- 93)
CCTI

Sociability! 14.5 (3.3) 14.7 (3.3) 15.6 (3.0) 15.7 (3.1)Emotionality! 10.6 (4.6) (10.4 (3.8) 96 (3.9) 100. (3.9)8)

9-63.9)10003.9)
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Measure
Girls Boys

Adopted Nonadopted Adopted Nonadopted

Activity” 14.4 (2.8) 14.1 (2.6) 16.1 (3.0) 14.9

Attention Span

Harter?

Scholastic Competence”? 13.5 (3.8) 15.3 (3.6) 14.1 ;

Social Acceptance 15.3 (3.3) 15.3 (3.4) 160 (2.9) 1 5.5 (3.4)

Athletic Competence’ 11.8 (3.3) 11.8 (3.5) 13.2 (3.4) 12.7 (3.7)

Physical Appearance 14.3 (3.7) 14.9 (3.4) 15.5 (3.2) 15.0 (3.2)

Behavior X Conduct'” 14.7 (3.3) 15.8 (3.3) 14.1 (3.3) 14.5 (3.2)

Self-Worth’ 16.2 (3.2) 17.4 (2.6) 16.7 (2.7) 16.6 (2.8)

SIQYA‘

Family Relations 33.2 (5.3) 34.5 (4.2) 33.0 (5.2) 32.9 (5.2)

FES?
Cohesion 16.4 (3.1) 16.7 (2.6) 16.3 (2.7) 16.3 (2.8)

Expressiveness 12.7 (3.4) 13.2 (3.1) 12.2 (3.0) 12.4 (3.0)

Conflict 9.8 (4.6) 9.4 (4.6) 10.3 (4.6) 10.5 (5.0)

Achievement’ 15.6 (3.4) 15.2 (3.0) 16.3 (3.0) 15.8 (2.7)

Control! 12.9 (3.5) 12.4 (3.2) 13.6 (3.4) 13.1 (3.6)

Ascher*®

Loneliness 13.7 (5.4) 12.4 (4.9) 13.0 (5.5) 12.9 (5.0)

Kandel

Depression’ 15.1 (5.1) 13.0 (4.8) 13.8 (5.0) 13.1 (4.8)

Depressi
on

4 Colorado Childhood Temperament Inventory.

b Harter’s Self-Perception Profile for Children.

© Petersen’s Self-Image Questionnaire for Young Adolescents.

d Family Environment Survey.

© Ascher’s Loneliness Questionnaire.

f Kandel’s Depressive Mood Inventory.

' Significant gender difference (p < .05).

? Significant status difference (p < .05).

3 Significant gender-by-status interaction (p < .05).

Of the 72 adjustment measures that we examined, 24 manifest a significant

adoption status difference. Table 21.5 summarizes the mean scores of adopted

and nonadopted children for these scales. Adopted children appear to be more

active and less attentive and more likely to have conduct problems, as some of

the previous literature would suggest. Using clustering techniques, CAP re-

searchers previously identified a subsample of children at risk for conduct disorder

(Coon, Carey, Corley, & Fulker, 1992). There were too few girls identified to be

included in the sample, but of the 15 boys identified, 11 were adopted. However,

when we examine our entire sample of adopted and nonadopted children, the

differences attributed to adoption status remain small, with a median effect size

of .28.
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Table 21.5 Scales with mean differences for adopted and nonadopted children

Adoptive Control Overall Effect
F? mean* mean? SDS size

>)

SE
Test session, age 7
WISC-R 7.85** 111.38 114.41 11.00 .28
MBRAttention Span 5.52* 21.60 22.53 3.42 27
CCTI Emotionality 9.66** 1.57 1.35 .63 —.36
CCTI Activity 4.29* 3.71 3.54 12 —.24
CCTI Attention Span 6.84** 3.20 3.48 .90 .30
CSCSSelf-esteem 4.65* 21.21 20.90 2.76 25

Parentratings
CBCL Externalizing, 7 8.14** .18 —.10 99 ~.29
CCTI Sociability, 7 11.82*** 19.86 18.47 4.02 —.35
CBCL Externalizing, 9 4.48* 14 —.09 .96 —.23
CCTI Sociability, 9 6.37* 20.16 19.03 4.12 —.27
CCTI Activity, 9 5.62* 19.29 18.33 3.75 —.25Teacherratings
CBCL Externalizing, 7 11.22*** 25 —.15 1.05 —.38
CSCS Problem Behavior, 7 14.11*** 22.91 20.03 6.88 —.42
CSCS Confidence, 7 11.84*** 41.81 44.65 7.38 39
CCTI Activity, 7 5.60* 19.10 18.05 3.87 —.27
CCTI Attention Span, 7 9.44** 17.28 18.69 4.07 35CBCL Externalizing, 9 9.02** 22 —.14 1.04 ~.34CSCS Leadership, 9 5.23* 29.54 31.73 7.00 26CSCS Confidence, 9 5.75* 40.99 43.17 7.95 .28CCTI Attention Span, 9 5.42* 17.07 18.20 4.22 27Self-ratings, age at 9
CCTI Activity 6.51* 15.26 14.45 3.04 -.27Harter Scholastic 7.38** 13.74 14.79 3.65 29Harter Behavior conduct 5.12* 14.43 15.22 3.29 24Kandel Depression 6.54* 14.53 13.17 4.96 —.27eee

el

* dffor univariate tests range from 294-400.
> Pooled across gender.
© Pooled across gender and adoptive status.
*(p < .05), **(p < .01), ***(p < .001)

In the following sections, we explore possible sources of these differences betweenadopted and nonadopted children by comparing adoptive and control family environ-ments, parental characteristics, and pre- and perinatal circumstances. Finally, weassess the influence of differential placement — whether placement in a home whichis well matched or unmatchedto the child’s biological propensities affects outcomes.
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as is shown in Table 21.6, these are primarily attributable to the higher scores in

adoptive families on the Moral-Religiousscale, with group status explaining 6%of

the variance, and on the Organization scale, where group status explains less than

2% of the variance. These differences are probably dueto the religious affiliation

of the adoption agencies.

Table 21.6 Family environmentat years 7 and 9
on

  

Parenting scale Year 7 Year 9*

Adopted Nonadopted Adopted Nonadopted

Mean SD Mean SD Mean SD Mean SD

FES (N =194-197) (N=202-204) (N= 178-179) (N= 166-167)

Cohesion 37.3 (4.3) 36.8 (4.5) 20.6 (3.1) 21.2 (3.2)

Expressiveness 32.0 (4.2) 32.5 (4.4) 19.0 (2.9) 19.1 (2.9)

Conflict 21.0 (4.9) 20.9 (5.3) 13.6 (3.2) 13.2 (3.6)

Independence 32.4 (3.7) 32.4 (3.6) — — — —

Achievement 30.0 (4.8) 29.4 (4.3) 16.3 (2.6) 16.1 (2.4)

Intellectual-Cultural 33.1 (6.0) 34.4 (5.1) 17.5 (4.0) 18.4 (3.5)

Active—Recreational 32.8 (5.5) 33.0 (5.1) 19.4 (3.6) 19.8 (3.3)

Moral—Religious 35.9 (6.1) 32.5 (7.9) — — — —

Organization 33.3 (4.8) 32.1 (5.1) 18.7 (3.3) 17.9 (3.6)

Control 29.4 (3.7) 28.4 (4.3) 17.6 (3.3) 16.8 (3.6)

PR Acceptance 73.2 (6.5) 72.5 (6.0) 73.1 (7.3) 71.6 (6.6)

PR Inconsistency 22.6 (5.4) 23.6 (5.3) 22.7 (6.1) 24.1 (5.8)

PR Negative Control 27.1 (7.2) 25.4 (6.6) 24.8 (7.8) 25.0 (8.2)

ceeae

Ne

4 FES reduced from 90 items to 40, with fewer items per scale and dropping Independence and

Moral-Religious scales.

Again, at age 9 for the reduced version of the FES, multivariate tests of

significance indicate that there are differences between adoptive and control

families, attributable to lower scores in the adoptive families for Intellectual—

Cultural orientation and to higher scores in these families on the Organization and

Control scales. However, the distributions of scores for the two types of families

overlap substantially and these mean differences account for only 2%of the variance

in these environmental variables.

For the Parent Report at age 7, results of multivariate tests of significance

‘ndicate a difference between adoptive and control families, largely attributable to

the third factor, Negative Control, a finding that replicates the FES data. How-

ever, at age 9, there are no significant differences between the two groups on these

scales.

In summary, differences between the adoptive and nonadoptive home environ-

ments are not substantial; thus, any differences between the CAP adopted and

nonadopted children are not likely to be due to home environmental influences

assessed by these scales.
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Parental characteristics

Comparisons of birth, adoptive, and control parents are reported in previouschapters in this book. In general, the differences are minimal, especially consideringthe relative youth of the birth parents. As shown in Tables 21.7, 21.8, and 21.9average personality scales of the adoptive, control, and birth parents are similar tothe normative samples from Cattell’s 16PF manual (Cattell et al., 1970). Both typesof rearing parents,all of whom were originally tested in Colorado between 1976 and1983, exhibit few differences from samples which were racially and geographicallyrepresentative of the US in 1974. Univariate tests of significance indicate that theadoptive and control parents differ on four scales — with the control parents beingmore assertive and liberal and the adoptive parents being more conscientious and

Table 21.7 CAP adoptive and control mothers and 16PF norms

Adoptive mothers Control mothers L16PF norms
(N = 233 — 236) (N = 238 — 214) (N = 729?)

I6PF Scale Mean SD Mean SD Mean SD
A. Outgoing 10.0 (3.3) 9.5 (3.1) 11.3 (3.2)B. Bright 8.4 (2.0) 9.0 (1.9) 7.0 (2.2)C. Emotionally Stable 16.3 (3.7) 15.8 (3.9) 15.6 (4.0)E. Assertive 11.3 (4.9) 12.7 (4.5) 11.3 (4.6)F. Happy-Go-Lucky 13.9 (4.3) 13.9 (4.4) 13.5 (4.3)G. Conscientious 13.9 (2.9) 12.8 (3.4) 12.8 (3.3)H. Venturesome 14.2 (6.0) 13.4 (6.1) 12.9 (5.6)I. Tender-Minded 14.1 (2.9) 13.4 (3.3) 13.4 (3.4)L. Suspicious 6.8 (3.2) 7.2 (3.4) 6.2 (3.4)M.Imaginative 12.5 (3.5) 12.9 (3.3) 13.1 (3.9)N. Astute 9.3 (3.0) 9.2 (3.2) 10.4 (2.9)OQ. Apprehensive 10.7 (4.1) 10.9 (3.9) 10.7 (4.0)Q. Experimenting 6.4 (2.7) 7.7 (3.3) 7.7 (3.1)Q.Self-Sufficient 11.3 (3.8) 11.7 (3.6) 10.2 (3.6)Q;. Controlled 13.2 (2.9) 12.5 (3.0) 12.5 (3.3)Q,. Tense 14.1 (5.0) 14.7 (4.8) 12.9 (4.8)

* From R.B. Cattell, H. Eber, and M. M. Tatsuoka, 1970; Table 13 for 729 females based on

that differences between these parents and the rearing parents are due largely to thedifference in their ages. Replicating the findings from the previous report (Plomin& DeFries, 1985), the birth parents differ little from the nationa] sample except forScales A, C, and Q,, in which theyareless outgoing, more emotionally stable, and moreassertive — a pattern whichis somewhatsimilar to that of the older rearing parents.
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Table 21.8 CAP adoptive and control fathers and 16PF norms

Table21.5

ee

eee

16PF Scale Adoptive fathers Control fathers 16PF norms

(N = 228 — 230) (N = 238 — 241) (N = 2,255")

Mean SD Mean SD Mean SD

A. Outgoing 8.0 (3.5) 7.7 (3.4) 10.2 (3.2)

B. Bright 8.8 (1.9) 9.1 (2.0) 7.0 (2.2)

C. Emotionally Stable 17.4 (3.8) 16.7 (3.7) 16.6 (4.1)

E. Assertive 14.1 (4.3) 15.7 (4.1) 12.9 (3.9)

F. Happy-Go-Lucky 13.0 (4.1) 13.6 (4.5) 14.2 (4.1)

G. Conscientious 14.2 (2.9) 13.2 (3.4) 13.4 (3.4)

H. Venturesome 13.7 (5.8) 14.6 (6.1) 14.8 (5.2)

I. Tender-Minded 8.1 (3.5) 8.6 (3.7) 9.0 (3.4)

L. Suspicious 7.3 (3.4) 7.6 (3.5) 7.4 (3.4)

M. Imaginative 13.5 (3.4) 13.8 (3.3) 13.0 (3.7)

N. Astute 8.5 (2.9) 8.1 (2.7) 9.2 (2.9)

O. Apprehensive 8.5 (3.7) 8.6 (3.8) 9.4 (4.2)

Q,. Experimenting 8.9 (3.1) 9.9 (3.3) 9.5 (3.0)

Q,. Self-Sufficient 12.0 (3.3) 12.3 (3.7) 10.3 (3.5)

Q,. Controlled 14.1 (2.7) 13.0 (3.1) 13.3 (3.4)

Q,. Tense 11.8 (4.9) 12.3 (5.0) 10.7 (4.7)

4 From R. B. Cattell, H. Eber, and M. M. Tatsuoka, 1970; Table 16 for 2,255 males based on the

general population aged 30 years.

Table 21.9 CAP birth parents and 16PF norms

16PF Scale Biological Biological

mothers 16PF norms fathers 16PF norms

(N = 234 - 236) (N= 1,149) (N=48-50) (N= 1,312)

Mean SD Mean SD Mean SD Mean SD

A. Outgoing 9.8 (3.0) 11.2 (3.0) 7.4 (2.9) 9.0 (3.0)

B. Bright 8.0 (2.1) 7.0 (2.2) 8.0 (2.4) 7.0 (2.2)

C. Emotionally Stable 15.9 (3.8) 13.7 (3.8) 15.2 (3.7) 14.0 (3.7)

E. Assertive 11.5 (4.0) 11.0 (3.8) 14.1 (3.3) 13.1 (3.7)

F. Happy-Go-Lucky 16.5 (4.4) 16.0 (4.4) 16.5 (4.1) 15.3 (4.3)

G. Conscientious 11.7 (3.4) 12.2 (3.5) 11.2 (3.8) 11.0 (3.4)

H. Venturesome 12.9 (5.8) 12.6 (5.1) 13.8 (5.3) 12.6 (5.0)

I. Tender-Minded 13.2 (2.8) 13.5 (2.8) 9.4 (3.3) 8.9 (3.5)

L. Suspicious 8.1 (3.1) 9.2 (3.1) 9.6 (3.2) 10.0 (3.1)

M. Imaginative 11.6 (3.5) 10.6 (3.8) 11.2 (4.1) 11.0 (3.5)

N. Astute 9.4 (2.6) 10.3 (2.7) 8.6 (2.3) 9.3 (2.7)

O. Apprehensive 12.1 (3.6) 13.0 (3.6) 10.9 (4.1) 11.9 (3.8)

Q,. Experimenting 8.3 (2.9) 8.3 (3.1) 10.5 (2.5) 9.7 (3.1)

Q,. Self-Sufficient 10.7 (3.7) 9.0 (3.3) 12.3 (3.2) 10.1 (3.5)

Q,. Controlled 11.7 (3.0) 11.4 (3.1) 11.5 (2.4) 11.1 (3.1)

Q,. Tense 14.1 (4.6) 14.3 (4.3) 13.9 (4.7) 13.3 (4.1)

4 From R. B. Cattell, H. Eber, and M. M. Tatsuoka, 1970; Tables 1 and 4 for 1,149 females and 1,312

males based on high school juniors and seniors ages 17 years.
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Data collected from the rearing parents during the laboratory visit show thatadoptive and control parents also do not differ significantly in IQ, although bothgroups have higher IQs and less variance than the nationally normed sample(Wechsler, 1974). The mean scores are 107.8 (SD = 11.0) and 109.3 (SD = 10.7) for193 adoptive and 218 control mothers, respectively. For 185 adoptive and 206control fathers, these means are 113.6 (SD = 12.0) and 114.1 (SD = 11.5). Again,these differences may be indicative of differences in the Colorado population;or,as 1s morelikely, it may be that parents who have the resources to pursue adoption

6PF are apparently due to the agedifference between the birth parents and rearing parents, and to the higherlikelihood ofreligiousaffiliation for the adoptive families.
The few differences in personality amongthe parental groupsare consistent with

Other possible “environmental” differences between adopted and nonadoptedchildren may be their varying prenatal and birth experiences. Three possibleprenatal factors which were systematically assessed from both relinquishing birthparents and control parents were coffee consumption,nicotine use, and alcohol use.For nicotine use, there are no significant di
is a mean difference in coffee consumption, with the control
additional cup per day — a finding that probably
the birth and control parents. With regard to
distributional difference ieni
over-represented in the heavy drinkin
under-represented in the moderate

parents averaging an
reflects the age difference between

g group (3 or more drinks per day), and
group (between 1 and 3 drinks per day); there
nts in the minimal drinking group.
nclude APGARscores and birthweight. The5-minute APGARscores for the two groups show nosignificant differences —find little variation on this measure with 98% of the sample rated at normalAPGARsof 7-10. There is a significant mean difference in birthweight, however,with the adoptees (N = 235, M = 7.04 pounds, SD = .99) weighing less on averagethan nonadoptees (N = 217, M = 7.32, SD = 1.10). Birthweight of less than 2,500

r developmental problems and is more

we
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(Holmes, Reich, & Pasternak, 1984). Lower birthweights, therefore, could contrib-

ute to differential outcomes for adoptees and nonadoptees. Although birthweights

this low are rare in our sample, accounting for only 5%of the births, adoptees are

twice as likely to be in the lower birthweight group.

However,results of analyses of covariance suggest that differences in coffee consump-

tion, alcohol use, and birthweight do not account for group differences in outcome.

These influences may not affect later outcomes in the CAP because the differences are

relatively small. CAP children are not at the extreme of low birthweight (below 1,500

grams), and the levels of coffee and alcohol consumption are not extreme.

Influences of placement

Differential placement effects, if present, represent a specific type of genotype—

environmentinteraction (GxE; see Chapter 20) seen only in adoptees. If the develop-

ment or adjustment of mismatched adoptees differs from that of matched adoptees,

adopted children as a group would tendto differ on average from nonadopted children.

The adoption agencies participating in the CAPdid notactively practice selective

placement other than for height and against locale (for example, placing children

Plomin, & DeFries, 1979; Plomin & DeFries, 1985) indicate that the degree of

realized selective placement for most measures in the CAP adult battery is

negligible. This near random placement of adoptees results in some children being

placed with adoptive parents who are similar to their birth parents and others placed

with adoptive parents who are quite dissimilar. This permits investigation of the

effects of differential placement for adoptees, that is, whether placement in a

matched or unmatched homeinfluences adoption outcomes. The effects of differen-

tial placement were examined for those outcome measures which showed adoptive

status differences (Table 21.5).

In general the number of significant interactions did not exceed that expected on

the basis of chance alone. Only for the domain of activity/attention was the

multivariate test for interaction significant, with the parental classification based on

16PF Impulsivity. Moreover, only two of eight univariate tests (age 9 parent-reported

CCTI Activity and teacher-reported CCTI Attention Span) were significant. Unex-

pectedly, adopted children reared in well-matched homes tend to be somewhat more

active and less attentive than other adoptees. If important, this type of interaction

could possibly yield mean differences between adoptees and children reared by their

biological parents; however,it clearly did not do so in the present study.

Conclusions

In contrast to adopted children in studies of clinical populations, adoptees in the

CAP fare quite well. Few significant differences are found in the outcomes of
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ay have an increased risk for problemsrelated to poor conduct, depression, and activity/attentiveness; however, themagnitude of any such difference in risk of problem behavioris relatively small.Why do these results differ from those of many studies which find adoptedchildren much more likely to experience psychological problems? As discussed inChapter 7, studies of the prevalence of adoptees in clinical populations may bebiased by the willingness of adoptive parents to seek special help for their children,possibly because oftheir previous experience with social service agencies.

. Most of these adoptive
other, and in somecases

oes not include adoptees removed from problem homes, or
series of foster placements. Later placements, for whateverresult in an increased risk for adjustment problems.The results of our analysesclear]

reason, may

y indicate that adoption does not inevitably leadto adjustment problems. The small mean differences between CAP adoptees andnonadoptees that we have noted in this chapter account for only a small fraction ofthe wide range ofvariationj

parents.
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In this book, data from the Colorado Adoption Project (CAP) were used to begin

to chart the emergence of individual differences during middle childhood — a

crucially important but little-investigated period. We examined domainsofinterest

such as cognitive abilities, personality, and psychopathology, as well as those more

specific to middle childhood such as stress and school achievement in the early

school years, motor development, and perceived self-competence. In addition,

making use of the environmental assessments that have been featured in CAP, we

explored the interaction between nature and nurture.

The purpose of this concluding chapter is to highlight some of the major CAP

findings, to lay out future CAP analyses, and to point to possible new directions for

behavioral genetic research in middle childhood — not to provide an encyclopedic

Genetic Analyses of Behavioral Development

This section provides an overview of the major domains for which results of CAP

genetic analyses are reported: general cognitive ability, specific cognitive abilities,

school achievement, speech and language disorders, temperament and personality,

competence, behavior problems,obesity, and motoric development. The issue of sex

differences and adoption outcomesare also addressed.

General cognitive ability

Heritability of general cognitive ability appears to remain moderate from in-

fancy to middle childhood in analyses based on the CAPsibling adoption design
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» Previous analyses based on the CAPadoption design suggested increasing genetic influence (Fulker, DeFries, & Plomin,1988). It is possible that both sets of results are correct. As discussed in Chap-ters 2 and 3, biological parent—adopted child resemblance is a function of the

parent—offspring

win Study may be affected by the
much more common in

MacArthur Longitudinal Twin Study at 14and 20 months which, unlike the Louisville Twin Study, selected twins who were
-, 1993). In this study, Bayley (1969) scores showedheritabilities only slightly less than those found in t ,CAP sibling and twin data replicates this finding

designs provide a highly consistent pattern of results (Fulker1993),

appearto be transitory. Thatis
one year to the next.
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Specific cognitive abilities

of specific cognitive abilities from early

rchical, multivariate genetic analysis

(“g”) and specific cognitive abilities

The CAP is the first genetic study

childhood through middle childhood. The hiera

described in Chapter 5 investigates both general

simultaneously. The results of this novel analysis support a strong genetic “g”atall

ages. In early childhood, there is little evidence for genetic variance of specific

cognitive abilities independent of “g.” However, at 7 years of age, verbal, spatial,

and memoryabilities show ability-specific genetic influence independent of “g.”

This finding is exciting in suggesting that genetic differentiation of specific

cognitive abilities emerges in middle childhood. Results of the longitudinal multi-

variate genetic analysis also described in Chapter 5 are consistent with this view.

Confidence in this finding, however, is attenuated by results at 9 years, when only

verbal ability shows genetic influence independent of “g.” However, because the

sample size at 7 years 1s nearly 50% larger than at 9, we predict that the results at

9 years will more closely approximate those at 7 when the sample size at 9 is larger.

School achievement

tion showed significant genetic influence

hievement did not. A finding with

multivariate analyses between

genetic influence on school

As described in Chapter 7, reading recogni

in middle childhood, whereas mathematics ac

far-reaching significance for educators comes from

school achievement measures and IQ: Most of the

achievement overlaps with genetic influence on IQ.

Estimates of the impact of shared environment on school achievement were

surprisingly low in contrast to those obtained from twin studies, which generally

show substantial shared environmental influence. Multivariate analyses indicated

that the same shared environmental influences affect both verbal and performance

IQand reading and mathematics achievement.

Speech and language disorders

Chapter 8 reviews family studies of developmental articulation, language, and

fluency disorders that indicate familial influence on these disorders. ‘Iwo twin

studies suggest that this observed familiality may be dueatleast in part to heritable

influences. A preliminary genetic “at risk” analysis using CAP data on communica-

tion development at 3 years of age and IQ at 7 showslittle evidence of genetic

influence, but a more thorough study is underway.

Personality and temperament

ratings of children’s
Given the consistent finding in twin studies using parental

d to find no evidence
temperament of substantial genetic influence we were surprise



Conclusions 313

for genetic influence for parental ratings of temperament (see Chapter 9). This findingwas consistent from infancy through middle childhood for both parent—offspringand sibling adoption analyses. These dramatically discrepant results could beexplained by substantial nonadditive genetic variance that increasesthe similarity ofMZ twins, but not first-degreerelatives. Because MZtwinsare genetically identical,

ces on perceived self-competence are usually as-
igin, little or no evidence was found for shared family
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but not internalizing, problemsat 9 years
suggest genetic influence for externalizing,

€ heritable variation was obtained for
of age. In contrast, little or no evidence o

Obesity

Although the major dependentvariables in the CAP are behavioral, data pertaining

Iso been collected. For example, Chapter 12 summarizes

s of longitudinal data for the Body Mass Index

(BMI), a measure of visceral body fat. Results of analyses of CAP adoptive and

nonadoptive sibling data suggest that genetic influences on the BMIare substantial

at birth; however, these genetic influences on BMIat birth are not correlated with

those at later ages. In contrast, genetic in

strongly into middle childhood. Nonshared environmental influences are important

at each age, but do not contribute to longitudinal stability. Analyses of CAP parent—

offspring data indicate that the genetic influences on BMIduring early and middle

childhood persist into adulthood.

Results of analyses of adiposity rebound data are also summarized in Chapter 12.

rebound refers to the rapid increase in body fat that occurs at about 6

years of age. When adiposity rebound occurs at an earlier age (e.g. 5.5 years or

earlier), the risk of subsequent adult obesity is increased. Somewhat unexpectedly,

results obtained from preliminary analyses of CAP sibling data suggest that

‘ndividual differences in this risk factor are only moderately heritable.

Motor development

rst genetic analysis of individual differences 1n motor

o middle childhood. The results suggest that there may

be some surprising discoveries when this unchartedterritory is explored systematic-

ally. The genetic results are intriguing because they are counterintuitive. Motor

development scores show significant genetic influence at 1 year of age, declining

influence at 2, and negligible genetic influence for gross motor development at 3

and at 7 years. Finding genetic influence at 1 year, but not the other ages, may be

explained by the results of a multivariate genetic analysis. This multivariate analysis

indicates that genetic influence on motor development at 1 is largely due to its

overlap with mental development, a relationship which diminishes during early and

middle childhood.

That individual differences in motor developmentare not highly heritable during

early and middle childhood may seem counterintuitive. However, as discussed in

Chapter 13, this is only surprising because it 1s easy to ma

ent are genetic in origin since motor

her psychological traits. If these results

eived wisdom provides a poor

Chapter 13 provides the fi

development from infancy t

development seems more biological than ot

are replicated, they could serve as an example that rec

guide to the realities of genetic influence.
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and environment.

Outcomesof adoption

Genetic Analyses of Environmental Measures

As discussed in Chapter 1, behavioral genetic analyses can take us far beyond therudimentary nature—nurture question of the relative magnitude of genetic andenvironmental components of variance. Three new directions for research werediscussed: developmental, multivariate, and environmental analyses. The chaptersof this book abound with developmental and multivariate analyses. Several chaptersinvolve nongenetic analyses of predictions of outcomes in middle childhood frominfancy and early childhood. For example, Chapter6 presents results of longitudinalanalyses between novelty preference assessments at 5 and 7 months of age and
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point that CAP is not only a behavioral genetic study — it is also the largest

long-term, longitudinal study of behavioral development of its kind.

In addition, all of the chapters offer environmental analyses in the sense that

d environmental influences.
behavioral genetic analyses assess both genetic an

However, these analyses often involve only anonymous components of shared and

trast, the work described in Chapters 11

and 15-20 incorporates specific measures of the environmentin orderto address the

two emerging themes of behavioral genetic analysis that were discussed in Chapter 1:

Identifying specific sources of nonshared environment and investigating genetic

influence on measures of the environment.

Nonshared environment

Chapter 15 attempts to identify specific sources of nonshared environment through

the analysis of data for CAP siblings who were tested at the same age on different

assessment occasions. In typical sibling studies, the siblings are tested on the same

occasion whentheyare different ages, and it was hoped that the new approach might

sharpen the search for nonshared environment.

The chapter considered two questions concerning nonshared environment. First,

to what extent do siblings in the same family experience different environments

when each child is 7 years old? Second, to what extent do these differences in

relate to outcome measures at 9 years?

on, mothers report that they treat their children quite

similarly when both children are 7 years. Because the maternal treatment of siblings

at the same age was highly similar, it is not surprising that sibling differences in

family environment showed few relationships with later perceived competence and

behavioral adjustment. Althoughlife events andillnesses differed for siblings in the

same family, these differences also showed few predictions of later outcomes.

Of course, it is possible that this approach using same-age sibling environments

is not appropriate or that environmental measures emp

sufficiently sensitive to detect dif!

possibility, however, 1s that nonshared environmental factors are largely idiosyn-

cratic, as appears to be the case for IQ (Chapter 4). Although it may be too early

to reach that negative conclusion, the results of this study and otherslike it suggest

that identifying specific sources of nonshared environmentis not likely to be easy.

experience at /

Concerning the first questi

Genetic influence on environmental measures

duces the investigation of genetic influence on measures of the

environmentby systematically analyzing CAP environmental measures from infancy

through middle childhood using the sibling adoption design. Several examples of

genetic influence on environmental measures are reported, especially in middle

childhood. Children’s self-perceptionsof their family environmentat 7 years of age

on a version of the FES and mothers’ reports of parenting style at 7 and 9 years

Chapter 17 intro



years, maternal reports of
nd-order factor of warmth

temperamentare significantly associated with several scales of the HOME duringinfancy and early childhood. However, most of the genetic variance on environ-mental measures is independent of temperament.

mon assumption among developmentalists of
e (e.g., Hoffman, 1991), early environmental
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unable to predict outcomes in middle childhood. Although

ficant in the CAP, they are not consistent across

generally small. Multivariate genetic analyses of

ironmental measures and outcomes are thereby

measures are generally

some predictions are signi

ages and their effect sizes are

such associations between env

results of CAP analyses revealed two cases in which environmental

in middle childhood. One involves the association

d later behavior problems. As discussed in Chapter 11,

Its emerged from regressions predicting behavior

t-grade stress at 7 years, independent of

teacher-rated behavior problems at 7 years. Predictions were significant for non-

adopted children but not for adopted children. One possible interpretation of these

results involves genetic mediation in which genetically influenced characteristics of

parents are related to both family environment and child measures. The hallmark

of such relationships are correlations

greater in nonadoptive families than in adoptive families (Plomin, Loehlin, &

DeFries, 1985). Usually genetic mediation is considered only in relation to family

environment. However,it is possible that such effects may spread to experiences

beyond the family. For example, some genetically-influenced characteristics of

parents might mediate children’s responses to the stresses of beginning school.

However, this interpretation is weakened by the finding that the measure of

first-grade stress is not heritable. Nonetheless, the differences in correlations

between first-grade stress and later behavior problemsfor nonadopted and adopted

children are sufficiently large to warrant further investigation.

The second case involves the association between home environment in infancy

and general cognitive ability at 7 years. As described in Chapter 19, although the

associations were weak, correlations tend to be higher in nonadoptive than in

adoptive families. Model-fitting analyses confirmed these impressions of genetic

mediation of the HOMEat 1 and2 years with 7- and 9-year-old IQ.

These various results illustrate the diversity of the research questions that can be

addressed with a longitudinal, multivariate adoption study of the magnitude and

scope of the CAP. Although we have employed sophisticated analytical methods

f developmental issues, we have only

measures predict outcomes

between first-grade stress an

an interesting pattern of resu

problems at 9 years of age from firs

to analyze numerous measures and a range 0

just begun to explore the full complexity of the CAP data set. To date, our

multivariate genetic analyses have been restricted to a relatively few domains, and

many cross-domain issues have yet to be addressed. As the CAP sample size

increases and data are obtained at later ages, even more sophisticated analyses will

be possible.

Future CAP Analyses

r 2, adoptive and nonadoptive probands and their younger

2, 3, and 4 years of age, and they are

7, 12, and 16 years. Telephone testing

As indicated in Chapte

siblings were tested in their homes at 1,

currently being tested in the laboratory at



being
next five years, approximately half of this
9 years ofage.

3, an “augmented” multiple regression model (Eq. 14) casib’s score (C) from that of the other (P),



When probands are selected for extreme scores

or school achievement, a
1 (Chapter 3, Eq. 13) can be used

to predict the cosib’s score
core (P) and R only. In this

ssion of cosib’s score on R (i.e., Bz) provides a direct

application, the partial regre

and statistically powerful test for genetic etiology (DeFries & Fulker, 1988). When

on coefficient estimates hz, a measure
the data are suitably transformed, this regressi

of the extent to which the deviant scores of probandsare due to heritable influences.

Moreover, when the augmented model is fitted to the same transformed data set,

the regression of C on R estimates hz — h’, thus, the significance of this partial

regression coefficient provides a test of the hypothesis that the etiology of extreme

scores differs from that of ‘ndividual differences within the normal range. Future

analyses of CAP sibling and twin data will employ this multiple regression

methodology. Moreover, to facilitate even more powerful tests, these multiple

regression equations will also be fitted to the combined sibling and twin datasets.

The multiple regression analysis of sibling and twin data has a number of

advantages over alternative methods. First, it is very simple to apply, enabling the

rapid screening ofa large numberof variables as exemplified by the analyses of CAP

personality and temperament reported in Chapter 9. Second, the method hasgreat

flexibility in the specification of univariate models. This flexibility facilitates the

investigation of many forms of GxE interactions when environmental variables are

included in the prediction equations. Other covariates (e.g., gender or age) may also

be included to detect other forms of interaction or covariance. So flexible is this

method that it has recently been applied to detect quantitative trait loci through

linkage to chromosomal markers (Fulker, Cardon, DeFries, Kimberling, Penning-

ton, & Smith, 1991).

Useful as the multiple regressi

(C) from the proband’s s

on methodology is, the CAP longitudinal data sets

warrant more searching developmental analyses. During the past several years, we

have devoted considerable time and effort to the development of longitudinal

models that incorporate both time constant and autoregressive processes. Results of

analyses that fit such models to CAP cognitive data are reported in Chapters 4 and

5. In addition to the analysis of CAPsibling data, we have also recently applied

these methods to analyze combined sibling and parent—offspring data sets (Phillips

& Fulker, 1989) and data from both twins and siblings (Cardon, Fulker, DeFries, &

Plomin, 1992). Although our applications of these developmental models to the

analysis of CAP data have largely involved cognitive measures, the clarity with

which the modeling illuminates the nature of the developmental processes is

remarkable. As reported in Chapter 4, shared environmental influences on general

cognitive ability appear to be global and not time specific. In contrast, there 1s

substantial genetic continuity from infancy to middle childhood, but significant new

tic variation is manifested at the later ages. Finally, nonshared environmental

rved continuity. Thus, these results suggest that

lopment are substantially influenced by the

t later ages, and prior variation providing

the substrate for future development through age-to-age transmission. Moreover,

the results of these analyses illustrate how genetic change and continuity are

manifested in the context of a complex environmental background. The exciting

gene

influences do not contribute to obse

‘ndividual differences in mental deve

genotype, with new variation appearing a



» out ofall the Possible directions fornental behavioral] g
jlentalists are probably

will have a major imp



parents of twins are usua

children are so obviously

be informative, collaborative ana

powerful tests of hypotheses relevant to

issues.

A third possibility would be to collect

Full adoption designs like CAP would be

childhood because the numbers of such a

1970s. However, little use has been mad

of half-siblings and st

Molecular genetics

A reason for considerable

behavioral development is t

advances currently

Skolnick, and Davis propose

markers. Within three years,

the gene that causes Huntington’s dis

Human Genome Project (Watson,

Developmental q

e in behavioral genetics 0

uestions can be asked about age

Although sibling analyses are

important first step in

a number of important

data from half-siblings and step-siblings.

in middle
extremely difficult to institute

doptions declined dramatically during the

f the large numbers

be found in families in W

step-sibling resemblances could also b

same families and in nondivorced familie

- Reiss, 1993).

ill benefit enormously @

ions in their research.

alize to chromosom

lla et al., 1983). A major goal of
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