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1. Introduction

Nearly all mental tests, no matter how diverse, correlate to
some extent (Jensen, 1969, 1998a; Spearman, 1927). This means
that nearly all tests share common variance, and the cross-test
common variance is called g, or ‘general intelligence’. When a test
is a good measure of g (i.e., it predicts the results of other tests bet-
ter, or to use a more technical definition, has a stronger loading on
the first principal component extracted from different correlated
tests), it is said to have a high g loading. Analogously, when a test
poorly measures g, its g loading is low. Some tests have much
higher g loadings than others (e.g., Jensen, 1969, 1998a; Johnson,
Bouchard, Krueger, McGue, & Gottesman, 2004). For example, in
the widely used Wechsler Intelligence Scale for Children (WISC)
IQ battery, the most g-loaded subtest (Vocabulary) loads on the
first principal component of the WISC at .904, whereas the least
g-loaded subtest (Coding) loads on the first principal component
of the WISC at .605 (Kan, 2011). g loadings are best understood
as a measure of cognitive complexity: tests demanding higher cog-
nitive complexity have high g loadings, whereas tests demanding
lower cognitive complexity have low g loadings (Gottfredson,
1997).

The g loadings of different tests affect their properties. When a
test is more g-loaded, scores on the test are damaged more strongly
by inbreeding (Rushton, 1999; Rushton & Jensen, 2010), it shows
higher differences between ethnic groups (Jensen, 1985), and it cor-
relates more strongly with brain size and reaction time (Jensen,
1998a; Rushton & Ankney, 2009). When a test is less g-loaded,
the practice effect on that test is larger; likewise the Flynn effect
is larger (te Nijenhuis & van der Flier, 2013; te Nijenhuis, van
Vianen, & van der Flier, 2007). Other correlates of g loadings are
given in Armstrong and Woodley (2014) and Jensen (1998a). It
appears, therefore, that when a test is more g-loaded, it has a stron-
ger relationship to biological factors, and when it is less g-loaded, it
is more influenced by the environment and by social factors. A few
exceptions to this trend are listed in Flynn, te Nijenhuis, and Metzen
(2014), who list some environmental sources of IQ decrements
(including foetal alcohol syndrome and Traumatic Brain Injury)
that, despite being environmental, show correlations of 0 with the
g loadings of different tests.

One common method of determining the relationship between
g loadings and variables is called the ‘‘method of correlated vec-
tors’’ (Jensen, 1998a), hereafter MCV. This method entails correlat-
ing the g loadings of different tests with changes on test scores
produced by given variables. When this relationship is positive,
the IQ differences are more likely to be concentrated on g; when
it is negative, they are more likely to be concentrated on specific
abilities (e.g., Woodley, 2011). However, MCV is best combined
with psychometric corrections for unreliability of tests and
restricted range of g loadings (e.g., Jensen, 1998a; Woodley, te
Nijenhuis, Must, & Must, 2014). Moreover, small sample sizes can
produce anomalous results when analyzed with MCV (e.g., Dolan,
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2000; Jensen, 1998a). Meta-analytic corrections such as those
described above (Hunter & Schmidt, 2004), strongly help in pro-
ducing more sensible results when using MCV (Woodley et al.,
2014).

When children are adopted into prosperous families (from less
prosperous families), they generally show IQ gains relative to their
parents (e.g., Capron & Duyme, 1996; Scarr & Weinberg, 1976;
Skodak & Skeels, 1949), though these gains are not always present
in adulthood (e.g., Jensen, 1998a; Weinberg, Scarr, & Waldman,
1992). In some cases, the IQ gains are high (10 points; Flynn,
1993; Scarr & Weinberg, 1976). It is not surprising that children
adopted into prosperous families show IQ gains, since they gener-
ally receive better and longer education and better nutrition, are
more cognitively stimulated by their environment, become more
test-wise, and are less likely to be exposed to neurotoxins. These
sources of IQ gain, of course, are environmental. Therefore, since
environmental IQ gains tend not to be on g, it stands to reason that
IQ gains from adoption would not be g-loaded either. In the present
study, we test this prediction by using MCV, coupled with psycho-
metric meta-analytic techniques, to examine the relationship
between adoption gains and test g loadings.
2. Method

Psychometric meta-analysis (Hunter & Schmidt, 2004) aims to
quantify underlying construct-level relationships without attenua-
tion by statistical artifacts (Schmidt & Hunter, 1999). The goal of
the present psychometric meta-analysis is to provide reliable esti-
mates of the true correlation between adoption gains and the mag-
nitude of g loadings. As the techniques we use are relatively
unknown to the majority of our readers, we choose to give a
detailed description of the techniques. However, highly similar
descriptions have also been used in other recent publications.

2.1. Searching and screening studies

To identify studies for inclusion in the meta-analysis, both elec-
tronic and manual searches for studies that contained IQ data for
adopted children or for adults adopted as children were conducted
in 2007. Four methods were used to obtain adoption gains from
both published and unpublished studies for the present meta-anal-
ysis. First, an electronic search for published work was conducted,
using PsycINFO, ERIC, MEDLINE, PiCarta, Academic search premier,
Web of science, and PubMed. The following keyword combinations
were used to conduct searches: adopt⁄ (where an asterisk indi-
cates that the search contained but was not limited to that word
or word fragment), adopted children, and adoption in combination
with the keywords IQ, intelligence, intellectual development, g,
GMA, general mental ability, cognitive development, cognitive
ability, and general cognitive ability. Second, we browsed the con-
tent tables of several major research journals of development,
genetics, and of intelligence, such as Behavior Genetics 1970–
2007, Intelligence 1977–2007, Psychological Science 1990–2007,
Child Development 1930–2007, and Developmental Psychology
1969–2007. Third, several well-known researchers who have con-
ducted IQ research on the adopted were contacted in order to
obtain any additional articles or supplementary information.
Finally, we checked the reference list of all currently included
empirical studies to identify any potential articles that may have
been missed by earlier search methods.

2.2. Inclusion rules

For a study to be included in the meta-analysis two criteria had
to be met: First, to get a reliable estimate of the true correlation
between adoption gains and the g loadings the cognitive batteries
had to have a minimum of seven subtests; second, well-validated
tests had to be used. The general inclusion rules were applied
and yielded three papers resulting in four correlations between g
and d.

2.3. Computation of adoption gains

One of the goals of the present meta-analysis is to have a reli-
able estimate of the true correlation between adoption gains (d)
and g. All studies except that of Frydman and Lynn (1989) reported
results using a comparison group. To be able to compute d (adop-
tion gains) from that study we needed to compare the results of the
intervention group against the results of a comparison group. We
therefore decided to compare the mean of the scaled scores of
adopted children on the French WISC reported in Frydman and
Lynn (1989) with the mean of the scaled scores of the standardiza-
tion group of 10-year-old children of the French WISC manual
(Wechsler, 1965). Adoption gains (d) were computed by subtract-
ing the mean of the comparison group from the mean of the inter-
vention group, and then dividing the result by the (mean) SD of the
standardization group(s) of the particular test in question.

2.4. Computation of g loadings

In general, g loadings were computed by submitting a correla-
tion matrix to a principal-axis factor analysis and using the load-
ings of the subtests on the first unrotated factor. In some cases g
loadings were taken from studies where other procedures were fol-
lowed; these procedures have been shown empirically to lead to
highly comparable results (Jensen & Weng, 1994). Finally, Pearson
correlations between adoption gains and the g loadings were
computed.

2.5. Corrections for artifacts

Psychometric meta-analytical techniques (Hunter & Schmidt,
2004) were applied using the software package developed by
Schmidt and Le (2004). As stated in the introduction, there are
many statistical artifacts that affect correlations, and psychometric
meta-analysis is used to correct for these artifacts. We corrected
for several statistical artifacts (Hunter & Schmidt, 2004): sampling
error, unreliability (of g loadings and adoption gains), restricted
range of g loadings, and suboptimal construct validity.

2.5.1. Correction for sampling error
In many cases sampling error explains the majority of the var-

iation between studies, so the first step in a psychometric meta-
analysis is to correct the collection of effect sizes for differences
in sample size between the studies.

2.5.2. Correction for reliability of the vector of g loadings
The values of r (g � adoption gains) are attenuated by the reli-

ability of the vector of g loadings for a given battery. When two
samples have a comparable N, the average correlation between
vectors is an estimate of the reliability of each vector. Several sam-
ples were compared that differed little on background variables.
For the comparisons using children we chose samples that were
highly comparable with regard to age. Samples of children in the
age of 3–5 years were compared against other samples of children
who did not differ more than 0.5 year of age. Samples of children in
the age of 6–17 years were compared against other samples of chil-
dren who did not differ more than 1.5 year of age. For the compar-
isons of adults we compared samples in the age of 18–95 years.

We collected correlation matrices from test manuals, books,
articles, and technical reports. The large majority came from North



Fig. 1. Three scatter plot of reliability of the vector of g loadings and sample size
each for a different range of N.
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America, with a large number of European countries, and also a
substantial number from Korea, China, Hong Kong, and Australia.
This resulted in about 700 data points, which led to 385 compari-
sons of g loadings of comparable groups which provided an indica-
tion of the reliability for that group.

A scatter plot of reliabilities against Ns should show that the lar-
ger N becomes, the higher the value of the reliability coefficients,
with an asymptotic function between r (g � g) and N expected.
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Fig. 2. Scatter plot of reliability of the vector of adop
We checked to see which curve gave the best fit to the expected
asymptotic function. The logarithmic regression line resembled
quite well the expected asymptotic distribution for reliabilities.
However, because the extreme range on the x-axis resulted in a
picture that is not informative, the regression line for r (g � g)
and N is not reported. For the same reason we divided Fig. 1 into
three parts, each showing the scatter plot of reliability of the vector
of g loadings and sample size for a specific range of N.

2.5.3. Correction for reliability of the vector of adoption gains (d)
The value of r (g � d) is attenuated by the reliability of the vec-

tor of adoption gains for a given battery. The reliability of the vec-
tor of adoption gains was estimated using the present datasets and
by comparing the samples that took the same test and that were
comparable in regard to age and sample size. As an illustration of
the procedure, consider the vectors of adoption gains from datasets
on the WISC. Frydman and Lynn (1989) tested Belgian children
(N = 19) with an average age of 10 years (age range 6.04–
13.11 years) and (Colombo, de la Parra, and Lopez (1992)) tested
Chilean children (N = 27) with an average age of 8.8 years (age
range 5.7–11.2 years). This yielded a correlation of �.097 between
the two vectors (total N = 46; average N = 23). To limit the risk of
over-correction, we set the reliability at .20, which is the lowest
positive reliability we found in any of the three datasets. We
decided to set the reliability at .20 for adoption datasets with a reli-
ability of less than .20.

An asymptotic function between r (d � d) and N is expected. We
checked to see which curve gave the best fit to the expected
asymptotic function. Figure 2 shows the scatter plot of reliability
of the vector of adoption gains and sample size, and the curve that
fitted optimally.

2.5.4. Correction for restriction of range of g loadings
The values of r (g � adoption gains) are attenuated by the

restriction of range of g loadings in many of the standard test bat-
teries. The most highly g-loaded batteries tend to have the smallest
range of variation in the subtests’ g loadings. Jensen (1998a, pp.
381–382) showed that restriction in the magnitude of g loadings
strongly attenuates the correlation between g loadings and stan-
dardized group differences. Hunter and Schmidt (1990, pp.
47–49) state that the solution to range variation is to define a
reference population and express all correlations in terms of that
reference population. The Hunter and Schmidt meta-analytical
program computes what the correlation in a given population
would be if the standard deviation were the same as in the refer-
ence population. The standard deviations can be compared by
dividing the standard deviation of the study population by the
standard deviation of the reference group, that is u = SDstudy/SDref.
As references we used tests that are broadly regarded as exemplary
for the measurement of the intelligence domain, namely the
300
)

r (d x d), 
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tion gains and sample size and regression line.



Table 1
Studies of correlations between g loadings and adoption gains.

Reference Test r N Age mean (range)

Frydman and Lynn (1989) ‘‘French adaptation of’’ WISC �.329 19 10 (6.04–13.11)
Colombo et al., 1992 ‘‘Chilean adaptation of’’ WISC .131 27 8.9 (5.7–11.2)
Wadsworth, DeFries, and Fulker (1993) WISC-R �.640 415 7.4
Wadsworth et al. (1993) WISC-R �.728 230 12.3

Note. In general, the g loadings were based on the correlation matrix taken from test manuals or from the correlation matrix based on the largest sample size we could find.

Table 2
Meta-analytical results for correlation between adoption gains and g loadings after
corrections for reliability, restriction of range, and imperfectly measuring the
construct.

K N r SDr Rho-4 SDrho-4 Rho-5 %VE 80% CI

4 691 �.64 .17 �.92 .14 �1.01 37 �1.10 to �.74
3 664 �.66 .06 �.95 .00 �1.06 211 �.95 to –.95

Note. K = number of correlations; N = total sample size; r = mean observed correla-
tion (sample size weighted); SDr = Standard deviation of observed correlation; rho-
4 = observed correlation corrected for unreliability and range restriction;
SDrho = Standard deviation of true correlation; rho-5 = observed correlation cor-
rected for unreliability, range restriction, and imperfect measurement of the con-
struct;%VE = Percentage of variance accounted for by artifactual errors; 80%
CI = 80% credibility interval.
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various versions of the Wechsler tests for children and adults. The
average standard deviation of g loadings of the various versions of
the Wechsler-Bellevue (W-B), Wechsler Preschool and Primary
Scale of Intelligence (WPPSI), Wechsler Intelligence Scale for Chil-
dren (WISC), Wechsler Intelligence Scale for Children-Revised
(WISC-R), Wechsler Intelligence Scale for Children-Third Edition
(WISC-III), and the Wechsler Intelligence Scale for Children-Fourth
Edition (WISC-IV) from datasets from countries all over the world
was 0.132. We used this value as our reference in the studies with
children. The average standard deviation of g loadings of the vari-
ous versions of the Wechsler Adult Intelligence Scale (WAIS),
Wechsler Adult Intelligence Scale-Revised (WAIS-R), and the
Wechsler Adult Intelligence Scale-Third Edition (WAIS-III) from
datasets from countries all over the world was 0.107. This was used
as the reference value in the studies with adults. In so doing, the SD
of g loadings of all test batteries was compared to the average SD in
g loadings in the Wechsler tests for, respectively, children and
adults.
2.5.5. Correction for deviation from perfect construct validity
The deviation from perfect construct validity in g attenuates the

values of r (g � adoption gains). The sample values of g are affected
by psychometric sampling error, since two g factors extracted from
different tests will not be perfect measures of g (Jensen, 1998a), but
the fact that g is very substantially correlated across different test
batteries implies that the differing obtained values of g can all be
interpreted as estimates of a ‘‘true’’ g (Johnson et al., 2004). The
values of r (g � adoption gains) are attenuated by psychometric
sampling error in each of the batteries from which a g factor has
been extracted. As in other studies (e.g., Woodley et al., 2014),
we used the conservative value of .90 for the correlation between
the measured and the true g score.
3. Results

The results of the studies on the correlation between g loadings
and adoption gains are presented in Table 1. The table gives data
derived from four studies, with participants numbering a total of
691. The table lists the reference for the study, the cognitive ability
test used, the correlation between g loadings and adoption gains,
the sample size, and the mean age (and range of age). It is clear that
most correlations are negative, and half of them quite strongly so.
Table 2 shows the results of the psychometric meta-analysis of the
four data points.

The estimated true correlation has a value of �.92, with only
37% of the variance in the observed correlations explained by arti-
factual errors. However, Hunter and Schmidt (1990) state that
extreme outliers should be left out of the analyses, because they
are most likely the result of errors in the data. They also argue that
strong outliers artificially inflate the SD of effect sizes and thereby
reduce the amount of variance that artifacts can explain. We chose
to leave out one outlier – a value of r more than 7.5 SD above the
average r of the sample of three final data points. This resulted in a
small change in the value of the true correlation, a very large
decrease in the SD of rho with 100%, and a very large increase in
the amount of variance explained in the observed correlations by
artifacts. Therefore, when one extreme outlier is excluded artifacts
explain all of the variance in the observed correlations. Finally, a
correction for deviation from perfect construct validity in g took
place, using a conservative value of .90. This resulted in a value
of �1.06 for the final estimated true correlation between g loadings
and adoption gains. This value is obviously too high, since �1.00 is
the lowest possible correlation, so we adopted �1.00 as our final
estimate.

The outcome of any meta-analysis based on a limited number of
studies depends to some extent on study properties that vary ran-
domly across studies. This phenomenon is called ‘‘second-order
sampling error’’. It results from the sampling of studies in a
meta-analysis. Percentages of variance explained having values
greater than 100% are not uncommon when only a limited number
of studies are included in the analysis. The proper conclusion is
that all the variance is explained by statistical artifacts (see
Hunter & Schmidt, 2004, pp. 399–401 for an extensive discussion).
4. Discussion

Our meta-analysis of four studies (with a combined N of 3018
individuals) yielded a perfectly inverse correlation between the g
loadings of different IQ subtests and the degree to which adoption
gains increased scores on those tests. This replicated Jensen’s
(Jensen, 1998b) finding that adoption gains were not on g. There-
fore, it is now fairly well-established that adoption gains are not
on g.

The present meta-analysis, however, has a few weaknesses. For
example, it includes only four studies. Moreover, it includes only
one IQ test, the Wechsler. It would be preferable to have a larger
number of studies, and a more diverse collection of tests (Jensen,
1998a; te Nijenhuis, David, Metzen, & Armstrong, 2014). However,
it should not be forgotten that the present findings are based on
the full world literature and that studies reporting scores on all
subtests of an IQ battery are quite rare. Future research on adop-
tion gains and the g factor ought to use a more diverse sample of
tests and studies, if possible.

It appears that adoption gains are like environmental sources of
IQ differences in that they are not on g. By now, therefore, it is very
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well established that environmental IQ differences are not usually
g loaded, while genetic ones are. Therefore, whether a source of IQ
differences is g loaded can provide a good indication of whether
that source of IQ differences is environmental or genetic.

It must be noted, however, that while adoption gains are not g
loaded, that does not mean they are insignificant. Some extremely
significant sources of IQ differences, like TBI, are not g-loaded
(Flynn et al., 2014). Therefore, IQ gains caused by adoption, or by
other cultural factors (like education), may still have desirable
real-world effects, despite not being on g.

4.1. Implications for the study of education

It is known that IQ gains may be induced by formal education
(e.g., Ceci, 1991). Adopted children probably receive superior edu-
cation relative to most children, so it seems plausible that their IQ
advantages are partly due to education. Hence, the presence of
adoption gains confirms others’ studies in suggesting that
education can raise IQ.

Educational gains are environmental, so it stands to reason that,
like other environmental sources of IQ variance, they are not g
loaded, although to the best of the authors’ knowledge, no pub-
lished study has ever directly measured the g loadedness of educa-
tionally induced gains. The present study suggests that educational
gains are indeed not g loaded, since adopted children do not
demonstrate any gain in g.

However, it remains yet to be seen whether educational gains
are ‘‘significant’’, that is to say, whether they have real-world con-
sequences. Flynn (2009, 2012) has argued that in fact educational
gains are ‘‘significant’’, in that they influence one’s ability to think
abstractly and to categorize in scientific rather than practical
terms. Flynn et al. (2014), in support of this hypothesis, demon-
strate that some environmental, non-g loaded changes in cognitive
ability that are very significant (such as TBI, prenatal cocaine expo-
sure and foetal alcohol syndrome) are not g loaded, which counter-
acts Jensen’s (1998) assertion that only g loaded gains are strongly
significant. It is therefore an open question, and beyond the capac-
ity of the present study to answer, whether educational (or other
adoption-related) gains, despite not being gains in g, are strongly
related to real-world functioning.
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