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Abstract
The pattern of parent-child correlations in adoption studies has long been interpreted to suggest substantial additive genetic variance underlying variance in IQ. The
studies have frequently been criticized on methodological grounds, but those criticisms
have not reﬂected recent perspectives in genetics and developmental theory. Here we
apply those perspectives to recent IQ adoption studies and show how they further question two sets of problems: ﬁrst, the assumption of additive gene and environmental effects; second, the assumption that the adoption situation approximates a randomizedeﬀects design. We show how a number of possible factors having systematic eﬀects in
breach of those assumptions can produce the received pattern of correlations without
appealing to unusual amounts of additive gene variance.
Copyright © 2006 S. Karger AG, Basel

Studying adopted children has long been viewed as a well-controlled, quasi-experimental method for estimating genetic and environmental components of variation in human intelligence which can then be used in models of human development.
Because biological mothers and their adopted away children share genes but not environments, covariance (correlation) in traits like IQ is considered to be a direct estimate of genetic effects on trait variance. Because adoptive caregivers and their adopted children share environments but not genes, IQ correlations between them can indicate the magnitude of environmental sources of variance. Correlations between
unrelated children reared in the same home are taken to indicate what proportion of
the environmental variance is ‘shared’ (varies between families) or ‘non-shared’ (varies within families). For a review of all these aspects of behaviour genetic methods see
Plomin, DeFries, McClearn and Rutter [1997].
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Table 1. Adoptive child’s IQ correlations with parents

TAP1a
MAS1b

Biological
father

Biological
mother

Adoptive
father

Adoptive
mother

–
0.43c

0.31
0.33c

0.14
0.27

0.12
0.21

Dash indicates that no correlation was obtained.
a
Mean age 8 years (range 3–16+) in the TAP; b mean age 7 years (range 4–18 years) in the
MAS; c biological parents not tested, IQs were estimated from education levels.

Table 2. Adopted child-adoptive parent correlations in the
TAP2 and MAS2 studies

TAP2a
MAS2b

Adoptive
father

Adoptive
mother

0.10
0.16

0.02
0.09

a

Mean age 18 years (means of various test combinations, see
table 4.3 in Loehlin et al., 1997). b Age range 16–22 years.

Since the 1920s a now-familiar pattern of results has emerged from such studies:
IQs of adopted children appear to correlate more with those of biological mothers
than with adoptive mothers or adoptive fathers. Table 1 shows typical data from two
of the more recent studies: the first sweep of the Texas Adoption Project (TAP1) as
reported by Horn, Loehlin and Willerman [1979], and the first Minnesota Adoption
Study (MAS1, a transracial study) as reported by Scarr and Carter-Saltzman [1989],
involving children covering a wide age range, from 3 to 18 years. The seemingly diminishing correlations between adopted children and their adoptive parents in later
years are shown in table 2 (results from TAP follow-up after about 10 years and second
MAS study of a new sample of youths, aged 16–22 years).
The more recent Colorado Adoption Project (CAP) replicated this general picture, as shown in table 3 [Plomin, Fulker, Corley, & DeFries, 1997]. This study included a control group of normal families matched to the adoptive families for a number
of demographic factors. As can be seen, the correlation between the adopted children
and their biological parents almost doubled, from less than 0.2 to nearly 0.4 in the
period when the children were 14–16 years old, while the adoptive parents-adopted
children correlation remained around 0. Finally, all of these studies report IQ correlations between adopted children and other children in the same family significantly
lower than those between natural siblings, even though (it is assumed) they are sharing the same environment.
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Table 3. Average correlations between parents and children (at ages shown) in the CAP [data from
Plomin, Fulker et al., 1997]

3–4 years
7–10 years
12–14 years
16 years
a

Adopted child/
adoptive parent

Adopted child/
biological parent

Control child/
control parent

0.09/0.00a
0.01
–0.06
0.03

0.12
0.18
0.20
0.38

0.19
0.24
0.28
0.31

Correlations for 3- and 4-year-olds, respectively.

Though cautions are often expressed [e.g., Plomin, DeFries, McClearn, & Rutter,
1997], the fact that reported biological mothers-adopted children correlations are
higher than adoptive mothers-adopted children correlations has had a big impact in
psychology and on theories of development. Most usually, the correlations have been
computed into heritability (h2) estimates, referring to the proportion of the total variation in IQ scores in the sample population that can be attributed to genetic variation.
With respect to the TAP data, Loehlin, Horn, and Willerman [1997] ‘estimate the
heritability … to be about 0.78’ (p. 123). Similarly, Scarr [1997] says that the data from
adoption studies ‘yield heritability estimates of 0.70 or above’ (p. 27). Data from the
CAP are said to show a heritability of ‘general cognitive ability’ of 0.56 at 16 years with
‘an increasing role for nature and a decreasing role for nurture’ over the childhood
period [Plomin, Fulker, Corley, & DeFries, 1997, p. 445]. Together with the sibling
correlations, these data have encouraged the conclusion that environmental differences between families account for none or little of the variation in IQs of adolescents
and adults [Jensen, 1997].
Over several decades, these correlations and interpretations have undoubtedly
been widely accepted and influential. The task force set up by the American Psychological Association to report on ‘Intelligence: knowns and unknowns’ [Neisser et al.,
1995] cited the degree of genetic variance for IQ estimated from adoption (as well as
from twin) studies as one of the definite ‘knowns’. In Britain the Nuffield Council on
Bioethics, reporting evidence from several contributors, says that ‘Adoption studies
provide a powerful means of examining genetic and environmental influences’ and that
‘adoption studies have added to evidence from studies of twins in demonstrating a genetic contribution to variation’ in IQ [Nuffield Council on Bioethics, 2002]. In a recent
critical review of behaviour genetic interpretations of IQ data, Maccoby [2001] nevertheless concludes that adoption studies have made a high heritability for IQ ‘undeniable’. Though referring to ‘problems’ in quantitative genetic designs, Rutter [2002] declares that ‘any dispassionate reading of the evidence leads to the inescapable conclusion that genetic factors play a substantial role in the origins of individual differences
in all psychological traits’ (p. 2). In a more recent review Turkheimer [2005] says that
the results of adoption and other family studies ‘are no longer in serious dispute’
(p. 161). Accordingly, the substantial additive genetic variance usually inferred has provided grounds for conducting molecular-level searches for single gene components of
that variance [e.g., Plomin & Spinath, 2004].
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Here we suggest that the data do not support such interpretations. We say this
because, broadly, they appear to be based on narrow models of both genetic and environmental effects, and of the nature of human development. First, the expectation
of meaningful correlations presupposes an additive/independent-effects model of
gene and environment influence. Such a model is now known to be invalid, in ways
we discuss further below. Second, the interpretations assume that adoption studies
approximate a kind of randomized-effects design in which nature provides the genetic ‘treatment’ while other environmental influences are controlled or randomized.
Below we examine a number of uncontrolled factors that may act systematically in
breach of that assumption.
Fundamental doubts about the methodology and empirical adequacy of IQ
adoption studies have been expressed before [e.g., Lewontin, Rose, & Kamin, 1984;
Munsinger, 1975]. But these do not cover more recent studies and the further interpretations of them, including the seemingly negligible effects of parents, or betweenfamily environments [Collins, Maccoby, Steinberg, Hetherington, & Bornstein,
2000; see also Sacerdote, 2004]. Moreover, they do not include more recent developmental perspectives [for reviews see Gottlieb, 2000; Horowitz, 2000; Lerner,
2002]. Focusing on the overly simple causal models employed, rather than the magnitude of heritability estimates as such, our discussion extends earlier critiques to
suggest a radical re-appraisal of the interpretations and conclusions mentioned
above, including the impact they have had within developmental psychology and
elsewhere.
The Additive/Independent-Eﬀects Assumption

IQ adoption studies have traditionally assumed that natural variation in human
intelligence is that of a simple quantitative character like height or weight. That is, trait
variation consists of the sums of effects of variable ‘genes’ and variable ‘environments’,
combining additively/independently, as randomly segregating units of equal effect.
This assumption is what constitutes the basic model of effects: the seeming separation
of them in the adoption process suggests the expected correlations. Degrees of approximation to those expectations offer separate estimates of magnitudes of genetic
and environmental sources of variance that could not be predicted under non-additive (especially non-linear) effects.
The first problem with the approach is that the assumption that genes and environments act in this additive/independent (mendelian) fashion is now known to be
quite invalid. Gene-gene, gene-environment, or even environment-environment interactions are now known to be the rule rather than the exception in creating variation
in complex traits [see e.g., Balaban, 2001; Nijhout & Davidowitz, 2003]. As Merila and
Sheldon [1999] point out in their review of animal studies, the ‘genetic architectures’
of highly evolved traits tend to be more complex, with many more loci utilized under
interactive regulatory hierarchies. In molecular studies, the ubiquity with which gene
utilization in development is dependent upon genetic background as well as environmental interactions suggests that there are very few truly mendelian traits [Glazier,
Nadeau, & Aitman, 2002]. The predominance of regulatory genes sensitive to environmental change has been revealed as ‘cascades’ of interactive, self-organizing processes in development [Gottlieb, 1998, 2000; Lickliter & Honeycut, 2003; Moore, 2002;
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Oyama, 2001]. Accordingly, there is now much experimental evidence of gene-environment interactions in behavioural traits in animals [see, for example, Newman et
al., 2005; Suomi, 2003]. In such systems many allelic variants can be rendered functionally equivalent; many deviant environmental effects can be compensated for, and
additive sources of variance are much reduced [Peccoud, Venden, Podlich, Winkler,
Arthur, & Cooper, 2004]. In addition there is strong evidence of other kinds of geneenvironment and environment-environment interactions arising within the special
dynamics of the adopted state (discussed in some detail below). In all of these ways,
predictability from allelic to phenotypic variation, and therefore to ‘expected’ trait
variances and covariances, becomes very weak.
Some of these negations of the foundation assumptions of the adoption method
have been well known for many years. They have been acknowledged to some extent
by adoption researchers who have used multivariate methods and ‘path’ models to assess whether such interactions could influence adoption study data, albeit on the assumption that they will have minor effects against an essentially additive background
[e.g., Cherny, Fulker, & Hewitt, 1997]. However, Wahlsten [1990] and Turkheimer and
Waldron [2000] have made the point that adoption studies simply do not have the
statistical power to detect such interactions, leading Wahlsten [2000] to suggest that
‘the whole edifice’ of additive models can now only ‘be accepted on faith, if it is to be
accepted at all’ (p. 50). We suggest, however, that the evidence of interactive sources
of variance from molecular genetic and other research is now sufficiently strong as
to doubt whether adoption studies can in principle answer the kinds of questions at
issue.
The corollary to the additive/independent effects model is that all other effects
(on covariance patterns) have been either controlled or randomized in the adoption
design, obviating other explanations for the data. The rest of this paper examines a
number of uncontrolled factors with systematic effects that can readily explain the
biological mothers-adopted children/adoptive mothers-adopted children pattern of
correlations in adoption studies without resort to unlikely assumptions of independent effects.
‘Intelligence’ Testing in Adoption Studies

‘Intelligence’ testing in adoption studies has perforce been opportunistic, with
much use of modified and/or shortened tests in less than ideal circumstances. This is
illustrated in the CAP where Plomin [1986] says, ‘the goal was to collect as many valid and reliable data as possible during relatively brief testing periods, sampling extensively and broadly rather than intensively and narrowly’ (p. 49). A large variety of tests
was administered at different times under widely different circumstances: in late pregnancy in the nursing home; in the family home; in the laboratory, and ‘over the telephone’ [Plomin, Fulker, Corley, & DeFries, 1997]. Early reports from CAP emphasized ‘special cognitive abilities’, whereas the most recent stresses ‘general mental ability’ as reflected in the First Principal Component of the pooled test scores. However,
that general factor seemed to account for only 37.2% of the total score variance in the
adult tests [DeFries, Plomin, Vandenburg, & Kuse, 1981], and, somewhat curiously,
the matrices test, often considered to be virtually a pure measure of general mental
ability [Carpenter, Just, & Shell, 1990; Jensen, 1998], had a factor loading of only 0.65
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on the First Principal Component. In other words, much more than ‘general mental
ability’ is being tapped in test scores, variances and correlations.
In the TAP, most birth mothers were given the Revised Beta Test which, as Loehlin, Horn and Willerman [1997] say, ‘has some special problems’ (p. 107) (for example,
there was a strong ceiling effect). Others were tested on the WISC or the WAIS or the
Stanford-Binet. Adoptive parents were tested with both the WAIS and the Beta. All
tests had old norms, so scores required various adjustments. This mixed testing regime may explain why correlations between parents and children varied from 0.26 to
0.78, depending on the combination of tests (see further below). In the MAS, birth
mothers’ IQs were simply estimated from levels of education [Scarr & Carter-Saltzman,
1989].
The point is, of course, that lack of precision in measurement can permit expression of unknown sources of variance/covariance, some of which may create systematic (non-random) effects, and the reported pattern of correlations. It is worth remembering, in this respect, that there is continuing uncertainty about what cognitive tests
actually test. IQ scores may not be so much an index of mental efficiency or capacity
as one of acquisition of particular cultural tools (e.g., numeracy and literacy skills
[Cole, 1999]), and all the issues of inclination, motivation and test preparedness associated with that [Richardson, 2001]. There are reasonable grounds for suspecting
that score variance, especially that captured as the First Principal Component in factor analysis (and usually labelled ‘general mental ability’ or ‘g’), could be partly or even
entirely non-cognitive in origin [Richardson, 2005].
One non-random source of variance emerging through lack of measurement precision may be the testing of children and adults of widely different ages: ‘unlike measures of height, tests for mental ability cannot be presumed to measure the same trait’
at different ages [Plomin & DeFries, 1985]. In consequence, larger or smaller correlations in scores between different kinds of pairs of relatives may simply reflect degree
of resemblance in age. Biological parents who give up children for adoption are known
to be typically younger than adoptive parents (e.g., respective averages of 20 and 33
years in the CAP), so adoptive children are always closer in age to their biological parents than to their adoptive parents (or control children to their parents) at age of testing. In the CAP, this is especially so at the critical age of 16, when the adopted children
were only 3 years younger than their natural parents were, on average, when they were
tested on exactly the same test battery. This may explain why, in the CAP, there is a
near doubling in IQ correlation between adopted children and their biological parents
to 0.38 between 14 and 16 years (before which all correlations are less than 0.2; see
table 3). This crucial correlation exceeds even that between control parents and their
own children growing up in the same home from birth (r = 0.31). A similar puzzling
differential occurs in the TAP as reported in Loehlin et al. [1997].
Note that Plomin, Fulker et al. [1997] refer readers to DeFries et al. [1981] for a
method of age-adjustment of scores, but that paper is only about ‘the adult tests’, the
children at that time being only 1 year old. The significance of the ‘Flynn effect’ – or
rising average test performances over time [e.g., Flynn, 1998] – which can be non-linear and vary with different kinds of tests, further stresses the ideal of either testing all
subjects on the same test at more or less the same time or making properly assessed
adjustments.
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Epigenetic Inheritance and Transgenerational Eﬀects

As mentioned above, the primary assumption of the adoption design is that
adopted children’s environments of development will be uncontaminated by that of
biological parents. It has long been recognized that this can never be strictly true because adopted away children are dependent on the biological mother’s environment
during early development in utero. This environment includes not only nutritional,
hormonal, immune and other influences, but also others detectable in terms of social
and linguistic experiences [e.g., DeCasper & Spence, 1986].
However, other important effects of biological parents’ environments on their
children’s, and even their children’s, development have been discovered in much recent research. New insights are now available into what Harper [2005] calls ‘this all
but ignored’ pathway of influence from parents to children and successive generations. Such influence occurs, not by genetic transmission as such, but by experiencedependent epigenetic reprogramming of gene expression in parents: gene identity is
unaltered, but regulated gene utilization may be transformed [for review, see Harper,
2005]. Parental experiences now known to have such transgenerational effects include
under-nutrition during pregnancy, affecting birth weight and child height across generations [Stein & Lumey, 2000]; transient exposure to environmental toxins [Anway,
Cupp, Uzumcu, & Skinner, 2005], and various kinds of stress and trauma [Francis,
Diorio, Liu, & Meaney, 1999; Seckl & Holmes, 2001; Yehuda, Engel, Brand, Seckl, Marcus, & Berkowitz, 2005]. In some cases biological details of transmission pathways
have now been described [Lin, Di, & Zhou, 2003; Turner, 2000].
Many of these effects of parental experiences could be reflected in cognitive performance measures in the child, and thus in covariances between the biological mothers and their children, including those adopted away. There is a long-standing recognition of a link between affective states (e.g., stress reactivity) and cognitive performance [Zeidner, 1995; and contributions in Maddux, 1995]. The link is acknowledged
by some authors of test manuals who warn how ‘fatigue, ill health and stress’ affect
speed and accuracy on tests [Raven, Raven, & Court, 1993, p. 14]. Insofar as these effects impinge on IQ test covariance they can seriously distort parent-child correlations and interpretations of them. Harper [2005] considers a complex design for testing for transgenerational effects in behaviour genetic studies, although it is only feasible in animals. This involves taking eggs that have undergone primary development
from a mother that has been subjected to some stressful treatment over that period.
The harvested eggs are then fertilized and the zygotes implanted in same-strain females not subjected to the treatment. If transgenerational effects are present, then
grandmothers’ treatment should account for more of the variance in the offspring
than the maternal environment.
Other non-random effects distorting biological mothers-adopted children IQ
correlations may be described as ‘indirect genetic’. It is well known that attributions
about intelligence are made on the basis of height and facial appearance, and that parents, teachers and peers treat children differently accordingly [Langlois, 1988].
Adopted children will tend to be physically more similar to natural parents than to
their adoptive parents, and less similar to their adoptive parents than are the latter’s
natural children. In consequence, reported associations between physical attractiveness and both self-esteem and anxiety levels [Rowe, Clapp, & Wallis, 1987] may continue to affect biological parents and their adopted children similarly, even though
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they are apart, so bringing about covariance in IQ test performance. Even though such
effects may be small, they could be sufficient to create what are, after all, relatively
small differences between small covariations.
Another possible distorting effect mentioned in the literature is called genotypeenvironment covariance [Jensen, 1997; Scarr & McCartney, 1983]. According to this
view, individuals select, seek out and/or create environments best suited to, or even
driven by, their personal genotypes. This applies also to the environments different
caregivers, with different genotypes, will provide for their children. Though superficially plausible, the mechanisms through which such environmental selection and
provision can be ‘genetically driven’ [Jensen, 1997, p. 42] are unknown, and the extent
to which the concept can explain data from adoption (and twin) studies depends on
the empirical sufficiency of those studies. Since it is the latter that we are scrutinizing
here, we do not discuss gene-environment covariance any further in this paper except
to note that it would constitute another breach of the assumption of independent effects.
Selective Placement and Range Restriction

Another departure from a randomized-effects design occurs through selective
placement of children for adoption. From their knowledge of the biological parents,
agencies tend to have preconceived ideas about the personality and intelligence that
the child is going to have, and place him or her in what they think will be a compatible
family environment [Rutter, Pickles, Murray, & Eaves, 2001]. There is strong evidence
of selective placement in the TAP and MAS studies [e.g., from sizeable correlations
between biological mothers of adopted children and unrelated children in the same
adoptive family; Scarr & Carter-Saltzman, 1989]. In the CAP, the adoption agencies
aimed to place an infant in the ‘best family for that particular child’ [DeFries et al.,
1981, p. 254]. Plomin, Fulker et al. [1997] suggest that selective placement is absent in
the CAP on the grounds of similar means and variances of socio-economic scores
(SES) in all three groups of fathers. However, this interpretation is based on only those
20% of biological fathers who volunteered to join the study and who may well not be
representative. Selective placement could inflate the biological mothers-adopted children correlation in IQ, although it could also affect adoptive parents-adopted children
correlations.
More importantly, adoptive parents in all studies, by virtue of the rigorous selection processes they are subjected to, tend to be of higher than average SES, and, as a
sample, restricted in range [Rutter et al., 2001]. In the TAP, as Loehlin et al. [1997]
explain, ‘the clientele of this adoption agency are a selected group and were probably
further selected by participation in our study’ (p. 109). In the MAS1 the variance of
IQ scores in adoptive parents ‘was considerably restricted’ [Scarr & Carter-Saltzman,
1989, p. 854], while the biological mothers’ variance for education levels (used to estimate their IQs) was not restricted [Scarr & Weinberg, 1978]. In the MAS2, adoptive
parents’ scores were also restricted in range for IQ and other variables [Scarr & Weinberg, 1978]. Stoolmiller [1998] found that adoptive families in the CAP represented
only the top third of the American population in terms of socio-economic status.
Adoptive and control parents in the CAP all show restricted standard deviations, as
well as well-above average means, on test scores on the Wechsler Adult Intelligence
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Test [Plomin, Fulker, 1997]. The effect of restricted socio-demographic factors in
adoptive families, and their reflection in test score variances, is to reduce adoptive
parents-adopted children correlations but not biological mothers-adopted children
correlations.
Finally, there is evidence of considerable sample attrition over time in all family
studies of this sort, and the evidence tends to be disproportionately from lower SES
groups [Rutter et al., 2001]. This factor may further restrict the range of adoptive families of older adopted children, but mostly affects the generalizability of results to the
greater population, rather than the results themselves.
Family Attributions and Sociodynamics

The social interactions experienced by adoptive children in families and social
networks also produce systematic departures from randomized effects. As Jackson
[1993] notes, the adopted-child method
is engaging because of its simplicity. However, it is critically incomplete as a model of what
actually happens in family life when an adoption is involved ... All adoption studies that follow the human behavioural genetics model fail to account for adoptive status as a highly
important, culturally imposed social factor in the psychological environment of development. (p. 1323)

Among other things, it is a status prone to affective stress. Howe [1998] notes that,
‘being an adopter and being adopted are not emotionally neutral states ... Both have
developmental tasks to negotiate that are peculiar to adoption’ (p. 69). Adopted children may suffer from ‘geneological bewilderment’ and ‘confused sense of identity’ [see
Feigelman, 1997]. Brodzinsky and colleagues [e.g., Brodzinsky, Smith, & Brodzinsky,
1998] note how adoptees are conscious of the loss of birthparents and associated extended family, which can produce adjustment difficulties [Smith & Brodzinsky, 2002].
Adopted children may also bear residues of ‘attachment doubts’, such that ‘the levels of
confidence, self-esteem and self-efficacy are not quite as robust as those achieved by
children who enjoy unbroken secure attachments’ [Howe 1998, p. 156]. It is also reported that children who are aware of their physical differences from other family
members, and that these reflect their adopted status, can feel at a disadvantage, and
have lower self-esteem because of it [Rosenberg & Horner, 1991; c.f. Jackson, 1993].
These factors may explain why adoptees tend to be more vulnerable to emotional, behavioural and academic problems than normal children [Ferguson, Lynskey, &
Horwood, 1995]. For example, the CAP reports a higher frequency of conduct disorders in adoptees, increasing with age [Coon, Carey, Corley, & Fulker, 1992]. It is well
known how self-efficacy beliefs and levels of confidence and anxiety strongly affect
test performance [Maddux, 1995]. As mentioned above, levels of reactivity to this enhanced stress may reflect transgenerational effects from the birthmother (who would
likewise have experienced unique stressful events), which could increase biological
mother-adopted children correlation in test performance while reducing adoptive
mother-adopted children correlation. The effects of such affective factors on test performance will be especially important where, as suggested elsewhere [Richardson,
2005], a first principal component largely reflects affective rather than cognitive covariance.
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Other dynamics may operate in a more direct sense, as conscious or unconscious
aspects of family treatment policy, to ‘make adoptees different’ from other adoptive
family members. Clinicians who work with adoptive families report how adoptive
parents, from the moment of adoption, worry about the personalities, blood-lines,
and social histories of the natural parents of their adopted child, and how this affects
the parent/adopted-child relationship [Hajal & Rosenberg, 1991; cf. Jackson, 1993].
The fact that adoptive parents ‘hold stronger beliefs in the influence of heredity’ compared with ordinary parents [Terwoegt, Hoeksma, & Koops, 1993] may reduce expectations about the course and targets of adoptees’ development. As Scarr, Scarf, and
Weinberg [1980] put it, ‘Adoptive parents, knowing that there is no genetic link between them and their children, may expect less similarity and thus not pressure their
children to become like their parents’ (p. 446). Indeed, Larson [1999] reports from one
study that adoptive couples ‘strove to enhance the differences between their children
and themselves in an effort to develop each child’s unique talents and capabilities’.
Later, adolescent adoptees can become highly conscious of their special identity and
react to adoptive parents’ standards and values [Brodzinsky, Singer, & Braff, 1984; cf.
Baumrind, 1993].
It is especially worth stressing such attributions and respective treatments because information exchange and contact between natural and adoptive families seems
to have occurred in the CAP.
Most of these adoptive families had access to information concerning the birthmother, and
in some cases concerning the birthfather as well. Some of the adoptive families participating
in the CAP have had direct contact with birthparents ... To varying degrees the rearing parents attribute some of their children’s characteristics to these known aspects of the birth
parents. [Rhea & Corley, 1994, p. 309]

Such attributions (in addition to those based on physical resemblances, mentioned above) may result in conscious or unconscious treatment of the adopted child
in a way that increases biological mother-adopted children correlations and reduces
adoptive mother-adopted children correlations (see further on such treatment effects
below).
In all of these aspects of treatment policy there is ‘creation of differences’ between
adopted children, their adoptive parents and other children in the same family. By
influencing cognitive, affective, and ‘test preparedness’ factors in IQ test performance,
they would tend to reduce adoptive mothers-adopted children correlations in IQ, and
increasingly so with age. Having a ‘control’ group matched to adoptive families in superficial demographic features does not, of course, control for any of these special
socio-dynamic interactions. Recognizing that a real control would entail, in effect,
parents rearing a child from birth in the absence of knowledge on both sides that it is
adopted, would at least acknowledge the scale of the problem.
Evidence of these Eﬀects in Adoption Data

The fact that special interactions in the adopted families may actually create differences between natural family members and the adopted child may be evident in
some aspects of the correlational data. For example, just as adoptive mother-adopted
children correlations are smaller than biological mother-adopted children correla-
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Table 4. Direct and indirect IQ heritability estimates based on
correlations in two adoption studies

Study

TAP at 8 years
TAP at 17 years
CAP at 1 year
CAP at 2 years
CAP at 3 years
CAP at 4 years

Heritability estimates
direct

indirect

0.62
0.70
0.28
0.22
0.30
0.50

–0.17
–0.32
–0.00
–0.20
–0.04
–0.08

Adapted with permission from Plomin and Loehlin [1989].

tions, so the former may also be smaller than adoptive father-adopted children correlations, because the adoptees will probably have spent more time with their adoptive
mothers than their adoptive fathers. In fact, father-child correlations higher than
mother-child correlations is a consistent finding in adoption studies. In the TAP,
though scarcely different from 0 in any case, 5 out of 6 adoptive father-adopted children correlations (based on different test combinations) are greater than the equivalent AM-AC correlations [Loehlin et al., 1997, their table 4.3). In the MAS the IQ correlations were also higher for adoptive father-adopted children pairs than for adoptive
mother-adopted children (0.27 vs. 0.21 for the younger children; 0.16 vs. 0.09 for adolescent children). In the young CAP children, DeFries et al. [1981] found it ‘perplexing’ that ‘significant correlations occurred between fathers and their offspring for the
biological, adoptive and control relationships’ (p. 271) – values ranged from 0.18 to
0.45 – but not between mothers and children, which were near 0. A similar effect was
found for ‘general cognitive ability’ when the children were 16 years old [Plomin,
Fulker et al., 1997].
In commenting on this ‘particularly intriguing feature of the data’, in which increasing contact seems to reduce correlations, Loehlin et al. [1997] say that, ‘Thus, we
may need to entertain the hypothesis that parent’s interactions with their children do
have an effect on the latter’s IQ, but one that can tend to make them less, not more,
like the parents’ (p. 114). Further evidence of them is probably seen in the way that
‘direct’ estimates of IQ heritability tend to be so much higher than ‘indirect’ estimates
(see table 4; Plomin & Loehlin, 1989]. The former are based on correlations between
genetically related pairs reared apart, as in biological mother-adopted children pairs,
where the kinds of family interactions just discussed do not exist. Indirect estimates
are based on comparisons of correlations between pairs reared together, as between
adopted children and their adoptive parents or other children in the same family,
where the effects of negative as well as positive interactions cannot be avoided. Such
data may be confirming that different kinds of factors and interactions can influence
these correlations in systematic ways, and that sharing of home and parents does not
necessarily mean shared environment.
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Table 5. Effects that can increase biological mother-adopted children (BM-AC) correlations while
reducing adoptive mother-adopted children (AM-AC) correlations

Kind of effect

On BM-AC
correlation

On AM-AC
correlation

Age at testing
In utero environmental effects
Inheritance of maternal epigenetics
Indirect genetic (e.g. physical resemblance)
Selective placement
Restriction of range
Adoptive parents’ information about birth family
Family stress effects
Family treatment effects

+
+
+
+
+
+
+
+
+

?
–
–
–
+
–
–
–
–

Discussion and Conclusion

The pattern of IQ correlations reported in a number of adoption studies over the
last 50 years or more has had a significant impact on models of human development,
and of the nature of intelligence and causes of individual differences in it [Maccoby,
2001; MacDonald & Hershberger, 2005]. Most of that impact derives from studies reporting that biological mother-adopted children correlations in IQ are significantly
higher than adopted mother-adoptive children correlations. Interpretation of these
correlations, however, presupposes a simple additive/independent-effects model of
genes and environments. And it assumes that the methodology approximates a simple
randomized effects design in which genetic effects on variance are uncontaminated
by environmental effects and environmental effects are uncontaminated by genetic
effects.
We have argued that these assumptions are naïve. First, the simple additive-effects model is now widely accepted to be false for both genetic and environmental effects (we also suggest, as an aside, that it is a mistake to treat IQ as a simple quantitative trait). Second, there are numerous other interactive effects that can explain the
received pattern of IQ correlations (increasing biological mother-adoptive children
correlations, reducing adoptive mother-adopted children correlations) without resort
to unlikely additive effects. These are summarized in table 5.
Note that we do not suggest that these factors merely attenuate the conventional
interpretations of the correlations of adoption studies. Rather, we suggest that they are
more likely explanations of them than improbably huge amounts of additive genetic
effects. Indeed, given that knowledge of at least some of these factors has been available for a long time, it is surprising to us that results of adoption studies are still widely quoted and duly interpreted as if they did not exist.
One reason for this imperviousness to criticism may be the oft-quoted consistency with the results of twin studies, although twin studies, too, have been criticized
for methodological defects, as well as also assuming an additive-effects model [Richardson & Norgate, 2005; Joseph, 2003]. Whatever the reason, the force of traditional
argument seems to be strongly adhered to even though its foundations have been
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crumbling in the face of molecular genetic evidence. For example, Turkheimer, Haley,
Waldron, D’Onofrio, and Gottesman [2003] note that:
In the fractious history of scientific investigations of the heritability of intelligence … there
has been only one contention with which everyone could agree: Additive models of linear
and independent contributions of genes and environment to variation in intelligence cannot
do justice to the complexity of the development of intelligence in children.

Yet Plomin, Fulker, et al. [1997] categorically state, on the basis of their data, that
‘there is little evidence for nonadditive genetic influence’ (p. 444). For a similar recent
view see MacDonald & Hershberger [2005], who, on the basis of CAP data, argue that
G ! E interaction is non-existent, and that the very idea has been used merely ‘to
satisfy the utopian fantasies of social scientists’ (p. 44). We suggest that, far from accepting such conclusions, a ‘fit’ of additive models to adoption data should lead us to
suspect the statistical parameters being used, and thus the causal model of the factors
producing the correlations.
Similar considerations apply to causal models of the nature and role of the environment in producing the correlations. For example, the fact that the environment is
rich in different kinds of interactions impinging in different ways on different relationships, may also explain why simple additive models have revealed little effect of shared
environments on IQ variance [e.g., Plomin, Asbury, & Dunn, 2001]: what is described
as ‘genetic’ variance is really interactive environmental and/or gene-environmental in
origin. This possibility has been well discussed. For example, Turkheimer and Waldron [2000] implicate the role of ‘complex reciprocal’ effects in phenotype ! environment interactions in which the environment ‘is all interaction and little main effect’
(p. 92). Again, this necessitates looking at IQ correlations as products of acting, representing, and cognizing individuals, operating in a cultural milieu with differentiated
expectations, instead of passive products of genes and environments.
Another reason for the apparent neglect of interactive gene and environmental
effects may be that they demand a paradigmatically different view of development and
variation in it. On the one hand, it may mean dropping the idea of intelligence and its
development as a simple quantitative trait varying as the sums of additive factors. The
alternative view is that intelligence is itself a cognitive system that evolved for abstracting the statistical structure from highly changeable circumstances. In humans this
means the acquisition of the cultural tools that mediate such adaptability [Richardson,
1998; Rogoff, 2003]. While it will always be possible to devise indices of trait values
that portray trait variation ‘as if ’ that of a simple, quantitative trait, it is meaningless
to attempt to describe such variation and its development independently from the
ecological conditions in which it is embedded [Coen, 1999].
On the other hand, an appreciation of interactive factors will demand modification of simple path diagrams of linear causation from independent factors to additively predictable trait values. Recent dynamic system perspectives [e.g., Lickliter &
Honeycut, 2003] urge a move from elemental, determinstic models of development to
a focus on interactive, self-organizing processes among numerous non-linear factors.
Causes of normal, adaptive variation in such systems need to be distinguished from
those creating pathological variation. ‘Pathological’ elements in traffic flows, such as
one or several defective vehicles or drivers, may have cataclysmic effects on specific
movements at specific times. But a focus on such independent elements would be
hopeless in describing normal (‘non-pathological’) variation in traffic flows. This cat-
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egory error may explain why ‘main effects’ models have been disappointing in the
study of human development [see Harper, 2005]. The point is that non-linear, self-organizing systems are adaptive in a creative sense, often constructing very unexpected
results, rather than passive outputs of linear, deterministic systems. In describing such
systems, the aims and priorities of science move from the prediction of specific outcomes in a system (such as predicting specific values of IQ in specific children), to
encouraging the researcher to understand the overall organization and true nature of
adaptable systems, and thus to promoting the development of them in a more general sense [Mainzer, 1997].
This does not make genetic variation immaterial in development at any levels.
However, in view of the role of these robust, interactive, developmental systems at
various levels, we suggest that standard behaviour genetic assumptions may only be
valid in specific cases (and at specific levels) where ‘main effects’ do indeed arise. These
include the effects of well-known deleterious genetic mutations, and teratogenic environmental effects, which produce categorical disease states (and, thus, entailing a
causal pattern quite different from that involved in ‘normal’ variation). In such cases
adoption studies may (with care) become informative [Strachan & Read, 1999],
though always bearing in mind that many pathological effects are ‘complex’ (in the
sense mentioned earlier) and that genetic effects are always environmentally conditioned, and vice versa. Otherwise ignoring the interactive systems has, we suggest,
been most responsible for the erroneous interpretations of adoption studies we have
discussed here, and the deep controversies the studies have produced within psychology and elsewhere.
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