
INTELLIGENCE 19, 325-336 (1994) 

Differential Inheritance of Mental Abilities 
in the Texas Adoption Project 

JOHN C. LOEHLIN 

JOSEPH M. HORN 

LEE WILLERMAN 

The University of Texas at Austin 

Correlations on subscales of Wechsler IQ tests and the Revised Beta Examination were 

obtained for biologically related and unrelated individuals in 18 1 adoptive families in the 

Texas Adoption Project. Scores were also available for many of the birth mothers of the 

adopted children. In general, correlations were higher for biologically related individuals, 

suggesting the importance of genetic influences on intellectual abilities. To examine ef- 

fects specific to subscales, an analysis of residualized subscale scores was carried out 

using the Revised Beta. After partialling out from each of the scales the variance predict- 

able from the rest, a model was fit to family correlations among the residuals. Of the six 

Beta subscales, three showed specific genetic variance, two showed specific shared envi- 

ronmental variance, and one showed neither. 

Although the matter has historically been controversial (e.g., Kamin, 1974), 
there can now be little doubt that the genes make a substantial contribution to 
individual differences in general intelligence, as measured by standard IQ tests or 
other measures reflecting general intellectual ability (e.g., Brody, 1992). Mea- 
sures of special intellectual abilities, such as verbal, spatial, numerical, and 
perceptual abilities, are typically found to be heritable as well. But here an ambi- 
guity arises. In unselected populations these measures tend to be substantially 
correlated with each other and with measures of general intelligence. Does their 
heritability merely reflect the fact that general intelligence is a contributor to 
good performance on the tests, or are individual differences in special abilities 
independently under genetic influence? A number of empirical studies have ad- 
dressed this issue, using data from twins (e.g., Martin & Eaves, 1977; Tambs, 
Sundet, & Magnus, 1988) and from adoptions (e.g., Cardon, Fulker, DeFries, & 
Plomin, 1992; LaBuda, DeFries, & Fulker, 1987). Most have found some evi- 
dence for independent heritability of special abilities in addition to general ability. 
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Previous reports from a study of adoptive families in Texas, the Texas Adop- 
tion Project, have focused on general intelligence, using IQ tests (e.g., Horn, 
Loehlin, & Willerman, 1979, 1982; Loehlin, Horn, & Willerman, 1989, in 
press). This article considers the heritability of special ability measures, as repre- 
sented by the subscales of the IQ tests used in the study. 

THE TEXAS ADOPTION PROJECT 

The Texas Adoption Project began with 300 families in Texas who had adopted 
children through a church-related home for unwed mothers, mostly during the 
196Os, and who agreed to be tested as part of a research project on adoptive 
families. For the cases included in the study, the child had been placed in the 
adoptive home within a few days of birth and had been permanently adopted. 
The adoptive parents, the adopted child in question, and any other available 
adopted or biological children of the adoptive parents were administered intel- 
ligence and personality tests. Also made available to us from the agency’s files 
were IQ and personality data on the birth mothers of the adopted children, from 
tests given while the mothers were in residence at the home prior to the birth of 
the child. The IQ test given to the birth mothers was most often the Revised Beta 
Examination, a nonverbal pencil-and-paper IQ test, but sometimes a test from 
the Wechsler series was available. 

The original adopted children averaged about 8 years old at the time of test- 
ing, with a range of from 3 to 14 years; some of the other adopted children and 
natural children were older. Each child in the study was individually adminis- 
tered an age-appropriate IQ test by a cooperating psychologist. The IQ test was 
the Stanford-Binet for 3- and 4-year-olds, the Wechsler Intelligence Scale for 
Children (WISC) for 5- to l.%year-olds, and the Wechsler Adult Intelligence 
Scale (WAIS) for those 16 years old or older. The adoptive parents were given 
the WAIS and the Revised Beta. 

About 10 years later, the families were recontacted, and 18 1 of them agreed to 
take part in a follow-up study. Only the children were tested at this time. They 
received the current version of a Wechsler test, the WISC-R or WAIS-R, depend- 
ing on age, and were also given the Beta, which their adoptive parents and birth 
mothers had taken earlier. 

The samples have been described in more detail in other publications-see 
especially Horn, Loehlin, and Willerman (1982) and Loehlin et al. (in press). 
Both the birth mothers and the adoptive families were largely White and middle 
class, and were slightly above average in intelligence. In occupational status, the 
adoptive families averaged about a standard deviation above Texas norms. In 
addition, the families who participated in the follow-up study tended to be some- 
what younger, more intelligent, and better educated than those who did not. 

The main results for IQ itself have been presented elsewhere (see Loehlin et 
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al., 1989, in press). In general, these are consistent with those from the Minneso- 
ta adoption studies of Starr and Weinberg (1977, 1978) and with results from 
other behavior genetic designs, such as the comparison of identical and fraternal 
twins or the study of twins reared apart. The major contributor to familial resem- 
blance is the genes. Shared family environment has an appreciable effect on IQ 
when children are young, but this becomes negligible by the time they are late 
adolescents. There was also in our data an intriguing suggestion that the full story 
of family effects might prove to be more complicated than this, in a weak nega- 
tive component in the environmental part of the IQ correlation between mothers 
and children. As one example, although the differences were mostly not statis- 
tically significant, the birth mothers tended to show higher IQ correlations with 
the children they had not seen since near birth than the adoptive mothers did with 
their own biological children they had reared. 

The genetic effects on IQ increased with age. We estimated the heritability 
(for true scores in the population) to be about .78 for the Revised Beta test at the 
time of the second study, when the children averaged about 17 years old. This is 
a figure consistent with studies of adult identical and fraternal twins and sepa- 
rated identical twins, if genetic effects on IQ are assumed to be largely additive in 
character. (Note that many twin and adoption studies of IQ have been done with 
young children, for whom heritabilities tend to be lower. This is responsible for 
the figure of around .50 that is often cited for the heritability of IQ.) 

All this concerns a general measure of intellectual ability, IQ. Is the story 
different when we move from IQ to look at more specialized intellectual abili- 
ties? In the Texas Adoption Project, the available measures of different abilities 
are the subscales of the Wechsler and Beta intelligence tests. Although these are 
perhaps not the measures we would have ideally chosen to address this question 
directly, they do span a range of intellectual skills, and should be capable of 
shedding some light on this issue. 

Subtest Correlations 
We begin descriptively, with adoptive and biological parent-child correlations 
for the subscales themselves. Tables 1 and 2 present the data for the Wechsler 
subscales. Table 1 includes those that Wechsler labeled Verbal scales, and Table 
2, those labeled Performance scales. The correlations for Verbal and Perfor- 
mance IQs are also provided to act as summaries. 

The tables are based only on the children who were tested in both the original 
and the follow-up studies, to allow comparisons based on the same set of individ- 
uals. Correlations are shown for the children at the time of the original study and 
at the time of the follow-up. The parent measure in each case is from the original 
study. 

On the left of each table are correlations based on pairs of individuals who are 
biologically unrelated (i.e., adoptive mothers and fathers and their adopted chil- 
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TABLE 1 
Correlations on WAIS/WISC Verbal Subscales Between Parents, 

Tested in Original Study, and Children Tested Both 

in Original and Follow-Up Studies 

Subscale 

Biologically 

Unrelated 

F-Ad M-Ad 

Biologically Related 

F-Na M-Na B-Ad 

Parent and Child at Original Testing 

Information -.03 .05 .36 

Comprehension .04 .02 .13 

Arithmetic .02 .03 .14 

Similarities .08 .ll .19 
Digit Span -.Ol .I3 .24 

Vocabulary .I4 .07 .23 

Verbal IQ .08 .08 .28 

Number of pairs 216 210 83 

for Digit Span 175 169 68 

Parent at Original Testing, Child at Follow-Up 
Information .02 .08 .37 

Comprehension - .02 -.03 .29 

Arithmetic .02 .I0 .30 

Similarities .10 .Ol .I5 

Digit Span - .02 .04 .I6 

Vocabulary .I0 .I1 .41 

Verbal IQ .06 .03 .32 

Number of pairs 254 249 92 

for Digit Span 239 234 87 

.I1 

.24 

-.03 

.36 

.09 

.22 

.25 

80 

65 

.27 

.21 

.02 

.23 

.06 

.33 

.21 

90 

85 

-.14 

.oo 

.44 

.38 

.29 

.22 

21 

18 

.l? 

.45 

.47 

.51 

.I2 

.44 

21 

21 

Note. F, M = father, mother in adoptive family; Ad, Na = adopted, natural 
child in adoptive family; B = birth mother of adopted child. Tests: in first 
study, Wechsler Adult Intelligence Scale (WAIS), or Wechsler Intelligence 
Scale for Children (WISC), depending on age; in follow-up, WAILS-R or 
WISC-R, depending on age. Digit Span omitted by some testers. Number of 
pairs = number of children, because parents may be multiply entered. 

dren). On the right are correlations between individuals who are biologically 
related (to the extent of sharing half their genes), the adoptive parents and their 
natural children, and the birth mothers and the adopted children. 

The overall results from the Verbal and Performance scales are similar, as 
indicated by the Verbal and Performance IQs. Both show generally higher cor- 
relations for the biologically related than for the biologically unrelated pairs, and 
show the tendency mentioned earlier as having been observed for IQ as a whole, 
toward pairings with more contact having lower correlations. The adoptive moth- 
ers are assumed to have had the most contact with the adopted children, the 
adoptive fathers next, and the birth mothers the least. The sizes of the correla- 
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tions tend to fall in the opposite order, although the effect is not uniformly pre- 

sent. 
The single subscale that shows this correlational pattern most strongly is prob- 

ably Block Design. This is interesting, because this is a scale featuring fluid 
spatial abilities, not an area where one would particularly expect (for example) 
mothers who sense their own deficiencies trying harder (and successfully) to 
train their children. Arithmetic, among the Verbal subscales, might represent a 
more plausible skill for an interpretation of this sort; it does show the pattern on 
the biological side, although not among the adopted children. An example of a 
subscale that behaves in a manner consistent with more traditional views is Vo- 
cabulary. It shows a modest effect of family environment among the adopted 
children, and higher correlations that increase with age among the biological 
children, roughly comparable with both parents. 

One of the intriguing aspects of these comparisons, the higher correlations 
involving the birth mothers, is limited in force by the relatively small number of 

TABLE 2 
Correlations on WAISlWISC Performance Subscales Between Parents, 

Tested in Original Study, and Children Tested Both in Original and Follow-Up Studies 

Subscale 

Biologically 
Unrelated 

F-Ad M-Ad 

Biologically Related 

F-Na M-Na B-Ad 

Parent and Child at Original Testing 
Digit Symbol/Coding .04 -.03 .I0 .24 -.24 

Picture Completion .08 .02 .16 .02 .39 

Block Design .20 .08 .21 -.02 .43 
Picture Arrangement .06 -.05 .06 -.09 .34 
Object Assembly .03 .08 .30 -.Ol .50 

Performance IQ .19 .09 .31 .02 .50 

Number of pairs 214-5 209 83 80 21 

Parent at Original Testing, Child at Follow-Up 
Digit Symbol/Coding .09 .09 .21 .21 .36 
Picture Completion -.05 -.04 .29 -.Ol -.I3 

Block Design .I3 .07 .21 .16 .54 
Picture Arrangement -.06 -.03 .16 - .05 .16 
Object Assembly .02 -.13 .30 .05 .3l 

Performance IQ .09 .06 .41 .I2 .21 

Number of pairs 252-3 248 92 90 21 

Note. F, M = father, mother in adoptive family; Ad, Na = adopted, natural child in adoptive 
family; B = birth mother of adopted child. Tests: In first study, Wechsler Adult Intelligence Scale 
(WAIS), or Wechsler Intelligence Scale for Children (WISC), depending on age; in follow-up, 
WAIS-R or WI%-R, depending on age. Number of pairs = number of children, because parents may 
be multiply entered. 
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birth mothers who received Wechsler scales. The number is much larger for the 
Revised Beta Examination (Table 3), and it is still the case here that the birth 
mothers tend to be more highly correlated with their biological children than the 
adoptive parents are with theirs. Of the Beta subscales, the ones most strongly 
showing the pattern of more correlation going with less contact are probably 
Formboard and Digit Symbol. The former involves at least some of the same 
spatial restructuring skills as Block Design. It is correlated with it, although not 
so highly as to compel consistency of relationships (the correlations are .65 for 
children, 57 and .43 for parents). Note that the Digit Symbol and Coding sub- 
scales of the Wechsler tests do not show the same pattern as the Digit Symbol of 
the Beta, so that it is probably unwise to infer much from the latter. The Picture 
Completion subscale on the Beta shows a correlation pattern suggestive of low 
heritability. This is to some extent also the case for the corresponding Wechsler 
subscale at the same age (Table 2), although less so at the earlier testing. 

Distinctive Aspects of Separate Abilities 
The various subscale correlations in Tables I to 3 may partly reflect the specific 
abilities tapped by these scales, but in part they undoubtedly also show the effects 
of general ability. That is, they are affected by what these tests share as well as 
what is distinctive to each. How best to unconfound these aspects? Previous 
behavior genetic studies involving multiple measures have employed various tac- 
tics to deal with this problem. McArdle and Goldsmith (1990) distinguished two 
broad approaches: a psychometric factors approach and a biometric factors ap- 
proach. The former seeks underlying factors in phenotypic covariation, and then 
identifies genetic and environmental contributions to these. The second begins 

TABLE 3 
Correlations on Revised Beta Examination Subscales Between Parents, 

Tested in Original Study, and Children Tested in Follow-Up Studies 

Subscale 

Biologically Unrelated Biologically Related 

F-Ad M-Ad F-Na M-Na B-Ad 

Maze .I7 .12 .05 

Digit Symbol - .oo -.03 .I1 

Error Recognition - .09 .03 .lI 

Formboard .06 .06 .23 

Picture Completion .I2 .I1 .09 

Identities .Ol -.I0 .I4 

Beta IQ .08 - .02 .20 

Number of pairs 252 244 90 

.21 

.oo 

.19 

.I5 

- .07 

-.04 

.21 

87 

.I8 

.25 

.22 

.39 

.05 

.04 

.33 

198-9 

Nofe. F, M = father, mother in adoptive family; Ad, Na = adopted, natural child in adoptive 
family; B = birth mother of adopted child. Number of pairs = number of children, because parents 
may be multiply entered. Test: Revised Beta Examination. 
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by partitioning overall phenotypic covariation into its genetic and environmental 
components, and then seeks factors in the separate components. In either of these 
approaches the two steps can be carried out sequentially, as suggested by the 
descriptions given, or simultaneously in a single model-fitting procedure. 

All of these approaches have their merits, but for its directness and simplicity 
we adopt here a version of the psychometric approach originally proposed by 
Nichols (196.5), who estimated the heritability of each of the five subtests of the 
National Merit Scholarship Qualifying Test after partialling out total score. (For 
alternative approaches to the NMSQT data based on biometric factors see Plomin 
& DeFries, 1979, and Martin, Jardine, & Eaves, 1984.) 

Our procedure was carried out using the data from the Revised Beta, which 
was the test available for the largest number of individuals (and also escapes the 
problem of equating subscales between the WISC and WAIS). We followed a 
variant of Nichols’ strategy described above, in order to examine specific effects 
in isolation from common effects. First, residual scores were obtained from the 
multiple regression of each subtest on the five others. This yields six uncorre- 
lated sets of residual scores, each based on the unique aspects of one test after 
removing what it has in common with the rest. The subscale scores are not 
adjusted for age in the Beta scoring procedure (Kellogg, Morton, Lindner, & 
Gurvitz, 1957). The residualizing process would, however, remove any linear 
effects of age common to more than one subtest. Family correlations were ob- 
tained for the residual scores; they are shown in Table 4. 

On the whole, these correlations run somewhat lower than corresponding cor- 
relations for the full Beta IQs (Loehlin et al., in press). This is not surprising, 
given that a portion of reliable variance has been removed. (On average, 22% of 
the variance of each subscale was shared with the others.) 

Are these residual subscale scores, representing the skills specific to each 
subtest, themselves influenced by the genes? Are they influenced by family envi- 
ronment? How do they compare in these respects to the general factor, repre- 
sented by IQ? One can pursue such questions by fitting an appropriate path 
model to the sets of correlations in the columns of Table 4. The model used was 
one employed earlier for Beta IQ (Loehlin et al., in press). For details, the reader 
can consult that source, but, briefly, the model involves six parameters: g, the 
genetic regression of a child on a parent; m and f, the environmental regressions 
of a child on the adoptive mother and father, respectively; c, the effect of the 
shared environment of siblings (over and above the effect of the parents); s, the 
correlation between spouses (assumed to be the same for birth and adoptive par- 
ents); and p, the correlation between the birth mother and the adoptive parents 
that is produced by any selective placement of the child by the adoption agency. 

One preliminary problem requires addressing. The equations of the model 
used for IQ include estimates of the reliability of the IQ test. If the subscales are 
to be meaningfully compared to IQ, some sort of estimate of their reliability must 
be made. What values should be used for these? Presumably the original sub- 
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TABLE 4 
Family Correlations of Residualized Beta Subscale Scores 

Digit Error Picture Number 
Correlation Maze Symbol Recognition Formboard Completion Identities of Pairs 

rrvw .09 .13 .Ol .05 -.05 -.04 175 

lMB .05 .04 - .05 .02 .05 .I0 193 

TFB -.02 -.03 -.I2 .I5 .06 -.I2 199 

TBB .I9 .04 .I6 .04 -.22 .15 38 

TMN .16 - .03 .07 .09 -.07 -.06 87 

YPN .02 .06 .07 -.01 .03 .04 90 
TMA .I5 -.Ol .06 .05 .I5 -.04 244 

TFA .I4 .04 -.12 .04 .07 .06 252 

rBlA1 .08 .17 .I6 .31 .03 - .03 198 

rBI.0 -.04 .02 .I9 -.I9 -.Ol .05 109 

TBN -.03 -.03 -.I3 -.05 -.09 .09 92 

TAN -.Ol -.Ol .06 -.06 .lI .04 107 

Ti\A .17 -.04 .04 -.08 .17 .02 75 

J.NN - .08 .20 .24 - .09 .I4 - .04 27 

Note. Explanation of subscripts: M and F refer to the adoptive mother and father, and B to the 
birth mother, of an adopted child A. N refers to a natural biological child of M and F. rBB refers to 
two birth mothers whose children are adopted into the same family, rglAl to a birth mother and her 
own child, r, ,AZ to a birth mother and another child adopted into the same family, and rgN to a birth 
mother and a natural child in the family into which her own child is adopted. 

scales are lower in reliability than the IQs, and the residualized subscales still 
lower. No estimate of the reliability of individual subscales was available, so the 
following rough approximation was used. It was assumed that individual scales 
would have reliabilities averaging about . 10 lower than the Beta IQ itself. This 
rule of thumb was derived by comparing WAIS-R Performance subtests with 
Performance IQ for the WAIS-R standardization sample; it also held for the 
WAIS-R Verbal subscales and Verbal IQ. (No subscale reliabilities were avail- 
able for the Revised Beta.) Then, for each of four groups-adoptive mothers, 
adoptive fathers, birth mothers, and children-the shared variance (the average 
R* from the multiple regressions) was subtracted from the estimated average 
subscale reliability in the present sample. This was lower than that in the stan- 
dardization sample due to restriction of range and ceiling effects (Loehlin et al., 
in press). The resulting estimates of average reliable variance of subscales were 
quite similar in the four groups, in the range .35 to .37; so the square root of the 
mean of these, .60, was inserted in the model equations. Obviously, this provides 
only a crude overall average estimate, but it seemed preferable to assuming that 
the residualized subscales were as reliable as the full IQs, or, worse yet, that they 
were perfectly reliable. 

The results of the model fitting to the residualized subscale scores are shown 
in Table 5. The model fit acceptably in all six data sets, although for one, Form- 
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TABLE 5 
Model Fitting to Residualized Beta Subscale Scores of Table 4 

Parameter 
Digit Error Picture Beta 

Maze Svmbol Recognition Formboard Completion Identities IQ* 

-.02 .23* .36* .51* -.I9 -.09 .37* 
.22b .I0 -.23 -.20 .29 .16 .04 

m .356 -.I5 .13 -.12 .36* -.09 -.09 
c .oo .oo .40 .oo .52 .17 .oo 
s .25 .36 .oo .18 -.16 -.ll .22* 
P .06 .02 -.29* .24 .13 -.03 .I0 

X2 6.27 3.59 6.81 15.17 5.42 6.67 3.47 
df 8 8 8 8 8 8 8 

P >.50 >.80 >.50 >.05 >.70 >.50 x90 

Note. Parameters identified in text. 
“From Loehlin, Horn, and Willerman (in press). Vannot jointly be set to zero, although 

either can. 
*p < .05, based on chi-square difference test. 

board, the fit was somewhat marginal. Three of the subscales had significant 
specific genetic variance: Formboard, Error Recognition, and Digit Symbol. The 
Formboard test requires the subject to show how figures could be fit together to 
form a square. In Error Recognition, the task is to discover which of several 
objects is anomalous (e.g., a coat missing a sleeve). In Digit Symbol, the testee 
must rapidly match numbers with geometric symbols. Each of these tasks appar- 
ently requires different specific gene-based abilities in addition to general intel- 
ligence. For the three remaining subscales, the genetic contribution is apparently 
largely confined to the general factor. 

Two of the residualized scales, Maze and Picture Completion, showed an 
appreciable contribution of family environment, in the sense that if the pathsf, 
m, and c are simultaneously set to zero, there is a significant increase in chi 
square. The Maze subtest requires the testees to trace a simple path through a 
maze; Picture Completion requires them to draw in the missing parts of objects 
(e.g., a hand missing a finger). 

The sixth test, Identities, in which the subject has to determine rapidly wheth- 
er two drawings or numbers are identical or not, did not show significant specific 
variance associated either with the genes or with shared family environment. The 
one other parameter in Table 5 that achieves a conventional level of statistical 
significance, the negative selective placement correlation for Error Recognition, 
makes no obvious sense. We hope that it is the one finding that would be ex- 
pected to occur by chance when making 36 significance tests. 

The reliability adjustment is not critical to these conclusions-its effect is 
primarily on the size of the coefficients in Table 5, not on their statistical signifi- 
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cance. The chi squares are only slightly affected by the correction. For example, 
making even the extreme assumption of perfect reliability only changes the chi 
square for Mazes from 6.27 to 6.16, and for Digit Symbol from 3.59 to 3.79; 
these changes are typical. Assuming perfect reliability of measurement would 
not alter any of the judgments regarding the statistical significance of the genetic 
components in Table 5, and would only produce marginal changes for the envi- 
ronmental components. With perfect reliability assumed, m would be judged 
separately significant for Mazes instead of only jointly significant with f, and 
would no longer be separately significant for Picture Completion, although re- 
maining jointly so with f and c. The only change for s or p would be that the 
dubious negative estimate for Error Recognition would no longer be significant. 

How do the results for the subscales compare with those for Beta IQ as a 
whole? The fit of the same basic model to the original IQ correlations is shown in 
the rightmost column of Table 5. The model fits very well (p > .90) with two 
significant parameters, the genetic regression and the spouse correlation. Thus 
there appears to be no substantial overall effect of family environment on IQ at 
these ages, although two of the subtests showed specific effects. For the genes, 
there is a substantial general effect, in addition to the specific effects on three of 
the residualized subscales. The only significant effect of assortative mating oc- 
curs for the general measure. 

What about the intriguing but nonsignificant negative environmental path 
from mothers to offspring seen for IQ? The evidence is mixed at the level of 
specifics. There are similar nonsignificant negative estimates for three of the 
residual factors, but the only two large ones are both positive. 

DISCUSSION AND CONCLUSIONS 

The general result, that specific abilities may show some degree of genetic influ- 
ence independent of general intelligence, is consistent with a number of previous 
reports (e.g., Cardon et al., 1992; LaBuda et al., 1987; Martin & Eaves, 1977; 
Tambs et al., 1988). Detailed comparisons across studies are difficult because of 
differences in measures and populations. However, an independent genetic com- 
ponent in spatial ability measures has been a frequent finding. The results for the 
Formboard subtest in our study are consistent with this. Interestingly, Cardon and 
his colleagues failed to find a genetic perceptual speed factor independent of the 
general factor, as did we, taking Identities as a measure of perceptual speed. 

Contributions of shared environment to specific abilities have usually not been 
found, although Martin and Eaves (1977), in an analysis based on twin data, 
reported them for spatial and reasoning abilities. Mazes, which has a spatial 
component, showed such an effect in our study, but another spatial measure, 
Formboard, did not. Picture Completion, which showed a shared environmental 
effect, involves reasoning, but then so does Error Recognition, which did not. 
Clearly, questions remain that only more data will answer. 
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It should be recognized that the results of twin and adoption studies need not 
always be in immediate agreement in the case of age-sensitive traits, particularly 
if the children in the adoption studies are measured when quite young. Twin 
studies typically make comparisons of pairs of individuals at the same age; adop- 
tion studies frequently compare individuals of quite different ages, such as adop- 
tive and birth parents and their young children. One advantage of the sample 
reported here is that, at least for the data of the follow-up study, measurements of 
young children are not at issue. Indeed the difference between the average ages 
of the birth mothers when they were originally tested and their own children in 
the follow-up study was only 3 years (mean ages of 19.3 and 16.2, respectively). 
The adoptive parents were older (mean ages of 39.7 and 37.0 when tested in the 
initial study), but still at ages across which drastic intellectual changes would not 

be anticipated. 
It should also be recognized that any attempt to define “special abilities” is to 

some extent arbitrary, for such abilities may be specified with varying degrees of 
breadth or narrowness-in the spatial domain, for example, ranging from an 
ability to deal with spatial relationships generally to an ability to mentally rotate a 
particular kind of figure in two dimensions. The approach undertaken in this 
study-or the approaches of other similar studies-could in principle be applied 
within each particular domain to decide if differential genetic or environmental 
effects occur on different subcomponents of ability within that domain. More- 
over, the realm of intellectual abilities can itself be defined more broadly or more 
narrowly-to include or exclude, for example, social or aesthetic intelligences. 
It seems likely that special genetically influenced skills may exist in such areas as 
well, in addition to the general intellectual competences that will also affect 
performance in these domains. The same methods can be used to address such 
issues. 

Summary and Conclusions 
In general, biologically related family members show higher correlations on IQ 
test subscales than do biologically unrelated individuals who share family envi- 
ronments via adoption. In fact there is some suggestion, for subscales as well as 
for IQ, that the correlations may be higher for parents and offspring who do 
not share environments than for parents and offspring who do. Among the sub- 
scales showing this pattern most clearly were measures involving fluid spatial 
abilities-Block Design on the Wechsler tests and Formboard on the Beta. 

Using residual scores from the Beta subtests, we were able to investigate the 
sources of familial resemblance in the distinctive aspects of different intellectual 
performances, separately from the shared aspects that contribute to the overall 
IQ. We found three subscales with unique genetic contributions: two with unique 
family environmental contributions, and one with neither. 

Many of the details of these findings should be considered provisional until 
they are confirmed or refuted in other research. Nevertheless, our study comes 
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down fairly clearly on the side of those that hold that there is something genetic 
beyond g. In particular, fluid spatial ability looks like a strong candidate; there 
may be others as well. We found a place for family environmental effects on 
some of the specific factors, although not on general intelligence. In fact, for 
general intelligence, and-perhaps for spatial ability, there were hints of an envi- 
ronmental effect making for family dissimilarity. This, however, must be consid- 
ered tentative until appropriately replicated. 
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