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Resumé:

V minulosti bylo hlavnin: difvodens pro provddéni genetickych studii chovdni jakychko-
i lidskyeh psychologickych gnalit stanovit, 2da je sprévné nebo nespravnd jenorovat
genettckd faltory prt studine vlivee prostiedi na dany psyehologicky gnak. Nyni viime
dostatecné vmpiricke doklady, kterd json schapay presvddéin viechmy, s vijimkon extrém-
nich skeptiksi, o prakticky kagdy pgychologicky gnak je do uréité miry ovlwiiovdn gene-
tacksmei faktory. Ticckbeimer (2000) tordf, e proniur gdtonem bebaviording genctiky je
premasa: Mechiry gnaly lidskebo chovdni json dédicne”. Ve skuteénasti je toto tergens
Jednoduse manifestaci obecnésich objevii bvantitationi genetiky, Quldste pak yisténi, e
Jjakykaliv mi&ritelny charakter oxganisinn by mél byt dédicny. Ve své uéchnict bvantitativ-
nich genctickyeh wetod Lynch a \Wlech (1998), brevi se tykd predevyim wectologickych dt,
desmonstiigl Sirokes Stdla dédicayeh gnalsi. Znawnend to, $e témer kagdy ghounrany gnak
u vétsiny druhii md nenulovou dédicnou hodnotu.

Introduction

In the past a major reason for carrying out a behavior genetic study of any
human psychological trait was to establish whether or not it was legitimate to
ignore the influence of genetic factors when studying environmental influences
on that trait. There 1s now sufficient empirical evidence tn convinee all but che
most extreme skeptic that virtually every reliably measured psychological trait
is influenced by genetic factors to some degree. Turkheimer (2000) has asserted
that the first law of behavior genetics is that “All human behavioral traits are
heritable”. Actually, this claim is simply a manifestation of a broader finding in
quantitative genetics, namely that any character of an organism one chooses to
measure will be heritable. Lynch and Walsh (1998, p. 174), in the definitive text-
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book on quantitative genetic methods and referring primarily to non-behavioral
traits, claim that “if ones sole interest in performing a quantitative-genetic
analysis is to demonstrate that the character of interest is heritable, there is
probably little point in expending the effort. The outcome is virtually certain.
Almost very character in almost every species that has been studied intensively
exhibits nonzero heritability”.

There are two major consequences of the first law of behavior genetics. First,
much contemporary social science research is uninterpretable because it assumes
genetic factors are of no importance and its influence is ignored in the research
design (Harris, 1998; Scarr, 1997). Secondly, theories constructed on the basis of
these findings must be clearly wrong or at best misleading regarding causal
mechanisms (Bouchard, 2004).

The argument, made above, regarding the uninterpretability of many social
science findings is contingent on genetic influences being of sufficiently
magnitude that they make a diference — they are large enough. How large is large
enough? This question can be answered in a straightforward manner. All we need
do is compare behavior genetic findings to typical findings in the social sciences.
Hemphill (2003) has reported the distribution of correlations (effect sizes) for
two large meta-analyses of the psychological literature (Psychological Assess-
ment and Treatment). The results were quite similar in both domains so they
were combined. The lower third of the distribution ranged from -.08 to .17. The
middle third of the distribution ranged from .18 to .29 and the upper third of
the distribution ranged from .29 to .78. These three ranges might well be called
Small (<.20), Medium (.20 to .30) and Large effects (>.30). Quite independently
Lubinski and Humphreys (1997) have pointed out that Cohen’s (1988) cffect
sizes ((SD) differences (or ds)) of .20 — small, .50 — medium and .80 — large.
Correspond to correlations of .10, .24 and .37 respectively. Hemphill’s empirical
results and Cohen’s largely intuitive criteria converge nicely. By these criteria it
will be obvious that the behavior genetic findings fall mostly in the medium to
large categories.

Twin and Adoption Methodology

Genetic and environmental influence on a trait can be estimated empirically
by fitting models to the observed variances and covariances between different
kinds of kin such as monozygotic (MZ) and dizygotic (DZ) twins, parents and
children, etc. Figure 1 illustrates one of the simplest models of this type. This is
the path diagram for the correlation between two parallel psychological tests. It
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is called the Hoyt reliability (Hayes, 1973; Hoyt, 1941). This correlation is com-
puted via analysis of variance and is called an intraclass correlaton as opposed
to the ordinary Pearson correlation. The intraclass correlation is simply
a Pearson correlation computed with every pair of individuals taken in every
possible order. If one were to compute a Pearson correlation for a group of
monozygotic twin pairs (say 50 pairs) one would get a slightly different correla-
tion every time the pairs were ordered differently. One could solve this problem
by entering each pair in each order. This is the so-called double-entry correlation.
The intraclass correlation is a better solution.

X t t €

A B

Iap=t2

Figure 1. Path Diagram of the Hoyt Reliability Coefficient

The test scores (measured phenotypes shown in boxes) are represented by
A and B. The latent psychological construct (unmeasured constructs are always
shown in circles) is T and represents the individual’s true score. The cause of the
correlation between the observed scores is the true score and its influence is
manifest through the paths t and t. Note if the paths are standardized we speak
of correlations, if the paths are unstandardized we speak of covariances. To keep
things simple we will deal with correlations in this paper. Models fitting of
covariances is, however, the more standard procedure (Neale, Boker, Xie, & Maes,
1999). The rules of path analysis specify that the correlation between the
phenotypes is computed by multiplying the paths that link them. In this instance
(t x t) = . Thus the correlation between the two forms of the test is directly
interpreted as a variance (t°). This is an important point. The correlations
represented by the path diagrams below are varianceestimators, variance due to
underlying Jatent constructs, and are not squarcd. The widely cited rule that
correlations must be squared to estimate variance applies only to the correlation
between two measured variables (phenotypes) and is called the coefficient of
determination.
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The path diagram in Figure 2 represents the correlation between monozygotic
twins reared apart (MZA). This is precisely the same model as Figure 1 only we
show two sources of variance (causes), the genetic influence for MZ Atwin 1 and
MZA twin 2, as correlated 1.00. This correlation represents our knowledge from
biological theory that monozygotic twins share all their genes. The twins are
thus treated as parallel forms of a test. Thus the correlation is (h x h) x 1.00 = h,

rge=1.00

Imza=h2

Figure 2. Path Model for Monogygotic Tiwins Reared Apart

This model makes the explicit assumption that the trait relevant environ-
ments of the twins are not correlated. This idea is easily represented in a model
as well, but first let us turn to the path model for monozygotic twins reared
together (MZT) shown in Figure 3.

I'mzt=h2 + ¢c2

Figure 3. Path Model for Monogygotic Twins Reared Together
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This model differs from Figure 2 in thata new latent construct has been added,
specifically common or shared environmental influence (C). The environmental
influence that makes twins (both monozygotic and dizygotic) similar is defined
as common environmental influence. Environmental influence that is notshared
is called unshared or idiosyncratic. The correlation between dizygotic twin reared
together would be represented by setting the correlation between the G's in
Figure 3 to rgg=.5. The equation would then read rdzt=.5h? + ¢*.

Note that (rmzt — rdzt)=.5h’ This is the essence of the simplest form of the
twin method—the “so-called” Falconer heritability. It assumes that all genetic
influence is additive and that shared trait relevant environmental influence is
the same for MZ and DZ twins (the equal trait relevant environment assumption).
The models make these assumptions explicit. Critics of quantitative behavior
genetics have argued that the only genetics involved here is the assignment of
the values 1.00 and .50. Actually this is correct, although [ might add that more
complex models can set values for dominance, and other values for more
distant kin (e.g., .125 for cousins, ctc.).  don’t understand why this is a criticism
as any environmental model, if it is to be testable, must also set path values.
Consider the environmental path diagram in Figure 4. This diagram represents
the similarity between Unrelated Individual Reared Together (UT).

Iec=1.00

e | < M/

UT) UT2

rut=c2
Figure 4. Path Diagram for Unrelated Individuals Reared Together

Just as with MZT and DZT twins it assumes that there is common or shared
environmental influence that makes the individuals similar. Just as the MZA
correlation estimates genetic influence directly (assumes the G’s are correlated
1.00) the UT correlation assumes the C’s are correlated 1.00, consequently
(c x 1.00 x ¢) = ¢*. Modeling simply makes these assumptions about genes
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and/ot environments explicit. As mentioned earlier, for along time psychologists
simply assumed that the similarity between siblings was due to the fact that they
shared a common environment and that the correlation between the G's was zero
(Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000). That this set
of assumptions was rarely tested was shown clearly by Scarr (1985; 1997) who
provided a number of striking examples of how behavior genetic models
explain data much better than simple environmental models that fail to take genetic
factors into account.

[t is important to note that any well specified (and therefore testable) theory
must make assumptions. The trick is to create additional designs that make it
possible to test the assumptions. If a variety of designs, which make different
assumptions, converge on similar results then one can have more confidence in
the results. As Scarr (1981) has put it, “There are flaws in all the studies
reported....From my point of view, the most important fact is that the flaws of
one study are not the same as those of another; there are nonoverlapping cracks
in the evidence. ..Each study can be criticized for its lack of perfection, but laid
on top of one anther, the holes do not go clear through” (p. 528).

The Scart quotes makes it clear that in the domain of human behavior genetics
there are no perfect experiments. All studies have flaws. We interpret the
correlations in the above designs are “causal” because they are based on “quasi
experiments’. The MZ and DZ twins are experiments of nature. Nature has
provided the MZ twins with all the same genes whereas the DZ twins have one-half
of their genes identical by descent. The UT pairs are an experiment of society
where they do not share genes but do share a full dose of common environ-
ment. Since the experiments are far from perfect, thus the term “quasi’, it is
necessary to evaluate the assumptions. This can bedonedirectly or as indicated
above by carrying out studies with complementary weaknesses and strengths.
Consider the assumption underlying the study of MZA twins. Critics assert that
adoption is not a random process and that it is unlikely that such twins have
been placed in environments at randomly, a requirement of a well conducted
experiment. This argument is only partly correct. In fact randomization is only
necessary with regard to trait relevant factors. Placement with regard to environ-
mental characteristics that do not influence the trait under study is irrelevant.
Consider the hypothetical possibility that the MZA twin pairs have been placed
and reared in homes that were painted the same color. One pair in green homes,
another in red homes, etc. No one would argue that placement in homes painted
the same color was a cause of MZA twin similarity in personality, interests or
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mental ability. The reason is simple. No one believes that the color of the home
one groups up in is a relevant causal variable. Placement must occur for
a plausible causal variable and the causal influence of the variable must be tested.
The most powerful way of testing the influence of a purported set of causal
variables is the U T design shown in Figure 4. [f being placed in similar homes is
the reason MZA twins are alike on a trait, genetic factors being irrelevant, then
unrelated individuals reared together should be very similar as they experience
a placement coefficient of 1.00. Keep in mind also that this treatment is
multivariate (placementoccurs on a very large number of features of the environ-
ment), powerful and long term, being experienced daily over the course of
years. Notice that this experiment works because the study participants are
unrelated (adopted). The average IQ correlation for unrelated individuals reared
together and assessed as adults is .04 (Bouchard, 1998).

The UT design makes assumptions just like every other design. First it assumes
that the individuals have not been placed. In this instance we are concerned
with similarity in the background of the children. Perhaps, cither inadvertently
or by plan, children from parents with higher IQ’s (or SES background) are placed
in higher SES families and children from parents with lower IQ’s (or SES back-
ground) are placed in lower SES families. If genes do influence 1Q_then
correlation between parental SES and child’s IQ would be inflated artificially.
Secondly, we assume that the children have been exposed to the range of environ-
ments to which we wish to generalize. Stoolmiller (1998; 1999) has argued that
adoption studies have failed to sample the full range ofenvironments in which
children are raised (restriction of range) and this may well be true. It may also
be true that the range of genotypes put up for adoption is restricted. The
degree to which range restriction is a problem is an open question (Lochlin &
Horn, 2000). An excellent study which has implemented the UT design, with
additional controls, and which involves an entire population is Teasdale and
Owen (1984).

We can generalized the UT model in order to provide a test of the hypothesis
that placement is an important bias in the study of MZA twins. On the assumption
that genes are irrelevant we can consider MZA twins as unrelated individual
reared in correlated environments. This model is shown in Figure 5. We simply
remove the correlation between the genotypes and insert a correlation between
their environments. We must now estimate the correlation ree and the magnitude
of the ¢ path.
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Tea

UAC) UAC?

Tuac=Tee * €2
Figure 5. Path diagram for Unrelated Individuals Reared Apart in Correlated
Environments (MZA twins with the assumption that genes are irrelevant)

An approximation of ree can be obtained by asking the twins to report on their
child rearing. Examples of the use of this model are provided for intelligence in
(Bouchard, Lykken, McGue, Segal, & Tellegen, 1990) and religiousness in
(Bouchard, McGue, Lykken, & Tellegen, 1999).

Behavior genetic models have not escaped criticism. The best rebuttal of most
of the germane criticisms [ have seen is (Sesardic, 2005).

Estimates of Genetic Influence on Human Psychological Traits

Table 1. provides a number of examples of the magnitude of genetic influence
on a wide range of psychological traits as well as references to the original studies
from which the data was extracted.

Table 1. Estimates of Genetic Influence on a Broad Array of Psychological
Traits Reported in the Recent Scientific Literature and References to the
Primary Source of Data.

Trait Genetic Data
Influence Source

Personality (Adults)

Big Five Bouchard, et al (2001)
Extraversion 4
Agrecableness (aggression) 42
Conscientiousness 49
Neuroticism 48
Openness 37
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Big Three Finkel, et al (1997)
Positive Emotionality .50
Negative Emotionality 44
Constraint 432
Intelligence Boomsma, ct al (2002)
By age in Dutch cross-sectional twin data Posthuma, et al (2002)
Age) 22
Age 7 40
Age 10 4
Age 112 .85
Age 16 .62
Age 18 .82
Age 26 .88
Age 50 .85
In old age (575 yrs. Old) .94-.62 Finkel, et al (1998)
Psychological Interests Betsworth, et al (1994)
Realistic (Outdoor work) 36
Investigative (Scientific) .36
Artistic 39
Social 37
Enterprising (Business) 31
Conventional .38
Work Values andJob Satisfaction
Values Keller (1992)
Achievement 36
Comfort 31
Status 43
Altruism .18
Safety 42
Autonomy 34
Job Satisfaction Arvey, et al (1994)
Intrinsic 23
Extrinsic near zero
General .16
Owl vs. Lark
Marningness 4 Hur, et al (1998)
Sacial Attirndes Bouchard, et al (2004)
Conservatism Eaves, et al (1997)
Under age 20 years near zero
Over age 20 years .45-.65

14
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Right Wing Authoritarianism (adults) 90-.64 McCourt, et al (1999)
Religiousness
16 year-olds 11-22 Boomsma, ct al (1999)
Adults .30-.45 Bouchard,et al (1999)
Specific Religion near zero  D'Onoftrio, et al (1999)
Conclusion

Genetic influence on psychological traits is pervasive, even for traits widely
believed to be shaped predominantly by family processes (e.g., social attitudes)
and of such a large magnitude thae this fact must be taken into account by
researchers and theorists alike clse their studies and theories will be at best
uninformative or at worst seriously misleading.
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