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Genetic and environmental correlations among 11 Wechsler Intelligence Scale for Chil- 
dren-Revised (WISC-R) subtests were estimated from a sample of 143 twin pairs using the 
methodology of multivariate behavioral genetics. The genetic correlations among subtests 
varied in magnitude and exhibited a pattern similar to corresponding phenotypic correla- 
tions. Correlations due to within-pair environmental influences were generally small, 
whereas those due to shared environmental influences tended to be interm :liate. Several 
hypotheses regarding the structures of the additive-genetic, common environmental, and 
within-pair environmental covariance matrices were tested and evidence for differential 
factor structures was obtained. A model hypothesizing a three-factor structure for the 
genetic covariance matrix, a single factor for the common environmental matrix, and a 
single factor plus specifics for the within-pair environmental matrix fit the data well. 
Thus, the three-factor phenotypic structure typically observed in Wechsler Intelligence 
Scale for Children (WISC) data may be due largely to genetic influences. 

Analyses of Wechsler Preschool and Primary Scale of Intelligence data collected 
in the Louisville Twin Study (LTS) (Wilson, 1975) provided the first evidence 
for the heritable nature of individual differences in mental ability profiles. Sub- 
test scores from pairs of twins tested at 4, 5, and 6 years of age were subjected to 
repeated-measures analyses of variance, and within-pair correlations for subtest 
profiles were estimated. In general, the mental ability profiles of identical twin 
pairs were found to be more similar than those of fraternal twin pairs. For 
example, at 6 years of age, the within-pair subtest profile correlations of 70 
identical twin pairs and 46 like-sexed fraternal twin pairs were .43 and .27, 
respectively. Thus, it was concluded that the genotype codes for the patterning of 
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relative strengths and weaknesses on individual subtests as well as for a general 
factor. More recently, Segal (1985) conducted a profile analysis of Wechsler 
Intelligence Scale for Children-Revised (WISC-R) data from 102 pairs of identi- 
cal and fraternal twin children and obtained highly similar results. 

Heritable variation in mental ability profiles is a function of genetic variance 
for each subtest as well as of genetic covariance among subtests, parameters that 
can be readily estimated using the methodology of multivariate behavioral genet- 
ics (DeFiles & Fulker, 1986; Plomin & DeFiles, 1979). Application of this 
methodology yields estimates of genetic and environmental correlations, indices 
of the extent to which individual differences in different measures are due to the 
same genetic and environmental influences; moreover, tests of differential genet- 
ic and environmental covariance structures are facilitated. Thus, multivariate 
behavioral genetic analysis of subtest scores can provide additional information 
regarding the etiology of individual differences in mental ability profiles. For 
example, Tambs, Sundet, and Magnus (1986) recently explored the structures of 
genetic and environmental covariances among Wechsler Adult Intelligence Scale 
(WAIS) subtest scores obtained from 40 pairs of identical twins and 40 pairs of 
like-sexed fraternal twins. Estimates of genetic and environmental variance com- 
mon to all subtests, as well as sources specific to each subtest, were reported. In 
addition, a model was fitted to the data that yielded estimates of variance com- 
mon to those subtests that define the three factors typically obtained from analy- 
ses of WAIS data (Cohen, 1957). However, estimates of genetic and environ- 
mental correlations among tests were not reported. 

In the Colorado Reading Project (DeFiles, 1985), extensive psychometric test 
data, including scores on the WISC-R, are being obtained from identical and 
fraternal twin pairs in which at least one member of each pair is reading disabled 
and from a comparison group of twins who are all normal readers. For the 
present report, WISC-R data from a total of 143 pairs of twins were subjected to 
multivariate behavioral genetic analysis. Results of this study yield the first 
estimates of genetic and environmental correlations among the WISC-R subtests 
and evidence for differential genetic and environmental covariance structures. 

METHOD 

Subjects 
WISC-R data for the present report were obtained from 37 identical (MZ) and 33 
like-sexed fraternal (DZ) twin pairs in which at least one member of each pair 
was reading disabled and from a control sample of 42 MZ and 31 DZ pairs. 
Zygosity determination was accomplished by using items from the Nichols and 
Bilhro (1966) questionnaire, which has a reported accuracy of 95%. In cases 
where zygosity was doubtful, blood samples were drawn and sent to the Min- 
neapolis War Memorial Blood Bank for analysis. The twins ranged in age from 
7.7-16.6 years (average age, 12.5 years), and all came from English-speaking, 
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middle-class homes. Parents of the twins reported an average of 14.0 years of 
formal education completed. 

A subject was designated reading disabled if the following criteria were met: 
A score of 90 or above was achieved for either Verbal or Performance IQ on the 
WISC-R (Wechsler, 1974); there was no evidence of neurological problems; and 
the subject was classified as affected using discriminant function weights esti- 
mated from an independent sample of 140 reading-disabled children and 140 
matched control children. The discriminant function analysis is based upon six 
test scores for each subject: Reading Recognition, Reading Comprehension, and 
Spelling subtests of the Peabody Individual Achievement Test (Dunn & Mark- 
wardt, 1970)~ WISC-R Coding-B and Digit Span scaled scores (Wechsler, 
1974), and the Colorado Perceptual Speed test (DeFries, Plomin, Vandenberg, & 
Kuse, 1981). It correctly reclassified 93.6% of the reading-disabled subjects and 
92.9% of the controls in the independent sample. 

The more severely disabled member of a twin pair, as determined by the 
discriminant score, was classified as the index case in the reading-disabled 
group. To ensure comparability of the samples, control twin pairs were matched 
to the reading-disabled pairs, when possible, on the basis of age, sex, and 
zygosity. 

As expected, the difference in Verbal IQ between the reading-disabled and 
control twin pairs is significant, F(1, 132) = 129.42, p = .001; however, nei- 
ther the gender difference nor the difference between zygosity groups is signifi- 
cant, F(1, 132) = 3.72 and .04, p = .06 and .84, respectively. Similarly, the 
difference in Performance IQ between the reading-disabled and control twin 
pairs is significant, F(1, 132) = 31.77, p = .001, and those due to gender, F(1, 
132) = .93, p = .34, and zygosity, F(1, 132) = 1.43, p = .23, are not. When 
Performance IQ is used as a covariate, the difference between the reading- 
disabled and control twin pairs remains significant for Verbal IQ, F( I ,  131) = 
71.96, p = .001. In contrast, the group difference in Performance IQ is not 
significant, F(1 , 131) = 1.13, p = .29, when Verbal IQ is partialled out. More 
importantly for the present analysis, however, is similarity in covariance struc- 
ture across groups. As discussed later, covariance structure is comparable in the 
reading-disabled and control groups. Therefore, data from the two groups were 
pooled for the present analysis. 

Analysis 
The basic quantitative genetic model employed in the present report is: 

P = A + E c + E w, 

where P is the phenotypic variance/covariance matrix among subtests, and A, 
E c, and E w are the additive genetic, common environmental, and within-pair 
environmental variance/covariance matrices, respectively. This model assumes 
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genetic and environmental influences to be uncorrelated and it facilitates the 
partitioning of phenotypic variance for each subtest as well as covariance be- 

tween subtests into their genetic and environmental components. 
The preceding model may be alternatively formulated in terms of correlation 

matrices as follows: 

R,=hR,h’+e,R,eS+e,R,,ek, 

where R,, R,, R,,, and R,, represent matrices of the phenotypic, additive 
genetic, common environmental, and within-pair environmental correlations, 
and h, e,, and e, are diagonal matrices containing the square roots of heritability 

and environmentality for the individual subtests. The he&abilities and environ- 
mentalities reflect the proportions of phenotypic variance that are attributable to 
genetic and environmental factors, respectively, whereas the genetic and en- 
vironmental correlations indicate the extent to which individual differences on 

two subtests are due to the same set of genetic or environmental influences. 
In order to assess genetic and environmental variation and covariation among 

subtests of the WISC-R, the LISREL approach outlined by Fulker, Baker, and 
Bock (1983) was employed. Briefly, by using the multiple group specification 
within LISREL, the model 

may be applied simultaneously to the MZ and DZ between and within mean 
cross-product matrices, where C,, is the expected covariance matrix; AY is 
comprised of separate submatrices defining the structures of the within-pair 
environmental (I&), additive genetic (A), and common environmental (E,) 
covariances; and 9 is a diagonal matrix containing the coefficients of the 

covariance components specific to each matrix. These coefficients are based 
upon the following expectations: 

I: BMZ = E&, + 2A + 2Ec 

z WMZ =E, 

B BDZ=&+ lSA+2E, 

c wDz = E, + 5% 

where znMZ is the expected covariance between MZ pairs, C,,, is the ex- 
pected covariance within MZ pairs, ZsDz is the expected covariance between 
DZ pairs, and &v,-,z is the expected covariance within DZ pairs. 

This approach constrains the component covariance matrices to be positive 
semi-definite and facilitates tests of genetic and environmental covariance struc- 
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tures. Alternative nested models are easily fitted to the data using the LISREL 
specifications and then evaluated by changes in chi-square. 

Initially, a Cholesky factor structure was imposed upon each of the three 
submatrices within the A v matrix. This factoring technique (Gorsuch, 1983, pp. 
74-80) assumes an initial factor to be the equivalent of one variable and deter- 
mines the extent to which it can account for the entire correlation matrix. Subse- 
quently, a second factor is set equal to another variable and used to account for as 
much of the remaining variance as possible. This procedure is commonly re- 
ferred to as diagonal factor analysis and as many factors as are theoretically 
interesting may be extracted by this methodology. In a full Cholesky decomposi- 
tion, there are as many components as variables. Although highly redundant with 
regard to parameter specification, the full decomposition provides a starting 
point from which alternative models may be formulated. Genetic and environ- 
mental correlations among the subtests were estimated from the factor loadings 
obtained from this analysis. 

Next, a series of more parsimonious structures were hypothesized. Specifical- 
ly, a diagonal factor model hypothesizing three orthogonal factors and specific 
error variances was imposed upon each covariance matrix. The change in good- 
ness-of-fit from this three-factor structure to a single-factor structure was then 
assessed for each component individually. Finally, a more rigorously defined 
three-fact0r structure, based upon the phenotypic factors described by Kaufman 
in his analysis of the WlSC-R standardization sample (1975), was imposed upon 
the additive genetic covariance component. Estimation of all models was accom- 
plished by use of the LISREL IV computer program (J6reskog & S6rbom, 1978) 
and competing models were evaluated by a change in chi-square. 

RESULTS 

Homogeneity of Covariance Structure 
As an initial step, between and within mean-square cross-product matrices were 
computed separately for the reading-disabled and control MZ and DZ pairs. Each 
of the four matrix types was pooled across the two groups and evaluated for 
homogeneity. Resulting chi-square values, with 66 degrees of freedom, were 
75.46 (p = .20) and 64.96 (p = .52) for the between- and within-mean cross- 
product matrices of the MZ pairs, respectively, and 80.82 (p = . 10) and 69.11 (p 
= .38) for the corresponding DZ mean cross-product matrices; thus, matrices 
pooled across the two groups were employed in subsequent analyses. 

Phenotypic Correlations 
In an analysis of data from the WISC-R standardization sample, Kaufman (1975) 
found each subtest to be a measure of one of three orthogonal factors. Informa- 
tion, Similarities, Vocabulary, and Comprehension reflect a Verbal Comprehen- 
sion factor; Picture Arrangement, Picture Completion, Block Design, and Object 
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Assembly are indicative of a Perceptual Organization factor; and Arithmetic, 
Digit Span, and Coding comprise a Freedom from Distractibility factor. The 
subtests have been arranged in such an order within the correlation matrices 
reported in the present study in order to facilitate comparisons within and among 
factors. The pooled phenotypic correlations are presented in Table 1 (above the 
diagonal) and are congruent with those previously reported (e.g., Wechsler, 
1974). Furthermore, the average phenotypic correlations among those subtests 
comprising the same factor are .48, .23, and .27 for Verbal Comprehension, 
Perceptual Organization, and Freedom from Distractibility, respectively, 
whereas the average phenotypic correlation among subtests loading on different 

factors is o n l y .  16. 

G e n e t i c  a n d  E n v i r o n m e n t a l  C o r r e l a t i o n s  
Model 1, the full Cholesky decomposition imposed upon each of the sub- 

matrices, was initially fitted to the data. Corresponding estimates of genetic and 
environmental correlations from this full rank model are presented in Tables 1 

and 2. 
As may been seen from Table 1, the genetic correlations vary greatly and 

exhibit a pattern similar to that of the phenotypic correlation matrix. For exam- 

TABLE 1 
Phenotypic Correlations (above the diagonal) and Genetic Correlations (below the diagonal) 

Estimated from the Full Cholesky Decomposition a 

INF SIM VOC COMP PA PC BD OA ARI DS CODE 

INF 1.00 .43 .52 .47 .27 .22 .19 .18 .33 .09 .05 

SIM .84 1.00 .47 .46 .15 .23 .09 .18 .27 .19 .00 

VOC .96 .87 1.00 .51 .23 .24 .03 .13 .19 .21 .ll 

COMP .97 .90 .94 1.00 .16 .24 .06 .19 .26 .12 .05 

PA .59 .48 .50 .61 1.00 .13 .17 .14 .13 .03 .06 

PC .66 .89 .66 .72 .68 1.00 .28 .22 .09 .10 -.01 

BD .08 .24 -.05 .14 .71 .63 1.00 .44 .29 .22 .17 

OA .26 .53 .23 .33 .72 .86 .91 1.00 .24 .16 .22 

ARI .57 .54 .39 .54 .39 .60 .50 .47 1.00 .39 .23 

DS .46 .52 .28 .49 .24 .52 .44 .38 .93 1.00 .18 

CODE .18 -.01 .14 -.01 .19 .16 .18 .19 .42 .13 1.00 

aSubtests are abbreviated as follows: Information, INF; Similarities, SIM; Vocabulary, VOC; 
Comprehension, COMP; Picture Arrangement, PA; Picture Completion, PC; Block Design, BD; 
Object Assembly, OA; Arithmetic, ARI; Digit Span, DS; Coding, CODE. 
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TABLE 2 
Common Environmental Correlations (above the diagonal) and Within-Pair Environmental  

Correlations (below the diagonal) Estimated from the Full Cholesky Decomposition ~ 

INF SIM VOC C OM P  PA PC BD OA ARI DS CODE 

INF 1.00 ,43 .42 .44 .02 .17 .47 .28 .06 - . 3 8  - . 54  

SIM .07 1.00 .80 .74 .52 .16 .12 .05 .39 - . 2 0  .~) 

VOC - . 0 7  .07 1.00 .79 .65 .25 .34 .30 .24 .21 .05 

C O M P  .11 .22 .19 1.00 .10 - . 0 8  ,14 .15 .19 .31 .11 

PA .14 - . 0 6  .00 - . 01  1.00 .32 .17 .01 .24 - .11  - . 04  

PC - . 1 0  - . 0 6  - . 0 1  .09 - . 1 3  1.00 .20 .76 - . 2 5  - .31  - . 1 0  

BD .11 .00 - . 0 5  - . 01  - . 0 7  .16 1.00 .63 .62 .24 .31 

OA .12 .12 .07 .18 - . 0 0  - . 1 7  .10 1.00 .05 .19 .28 

ARI .15 .09 .01 .12 - . 01  - . 1 5  .13 .22 1.00 .20 .61 

DS - . 1 4  .06 .16 - . 1 2  - . 0 4  - . 0 4  .08 .05 - . 0 2  1.00 .69 

CODE .24 - . 0 0  .07 .11 - . 0 0  - . 1 2  .03 .25 - . 0 3  .03 1.00 

aSubtests are abbreviated as follows: Information, INF; Similarities, SIM; Vocabulary, VOC; 
Comprehension, COMP; Picture Arrangement, PA; Picture Completion, PC; Block Design, BD; 
Object Assembly, OA; Arithmetic, ARI; Digit Span, DS; Coding, CODE. 

pie, genetic correlations among those subtests loading on the same factor aver- 
age .91,,. 75, and .49 for Verbal Comprehension, Perceptual Organization, and 
Freedom from Distractibility factors, respectively, whereas the genetic correla- 
tions among subtests loading on different factors average .38. In contrast to the 
genetic correlations, correlations due to within-pair environmental influences are 
generally small and positive, and those due to shared environmental influences 
tend to be intermediate. 

From the variance-covariance submatrices, estimates of heritability and en- 
vironmentality were also computed. These univariate estimates and their corre- 
sponding phenotypic variance (Vp) are reported in Table 3 for each subtest. 
Additive genetic factors account for 15%-54% of the phenotypic variance. Esti- 
mates of environmentality due to influences shared by members of a twin pair 
(e 2) are relatively low, whereas within-pair environmental factors (e 2) account 
for 27%-65% of the total variance. Although the heritability estimates are gener- 
ally lower than the data reported by Segal (1985) would suggest, they are based 
upon a sample which is nearly 40% larger. Both studies, however, obtain higher 
heritability estimates, on the average, for the Verbal subtests than the Perfor- 
mance subtests. 

As shown in Table 4, Model 1 does not adequately fit the data. However, 
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TABLE 3 
Heritability and Environmentality Estimates from the 

Full Cholesky Decomposition a 

Subtest h 2 ec 2 eZw Vp 

INF .54 . 17 .29 5.12 
SIM .33 .14 .54 6.78 

VOC .51 .10 .39 3.82 
COMP .29 .08 .64 5.90 

PC .25 .10 .65 4.57 
PA .26 .14 .60 6.36 
BD .24 .43 .33 8.03 
OA . 15 .29 .56 8.55 

ARI .43 .04 .53 6.70 
DS .44 . 14 .42 6.75 

CODE .47 .26 .27 9.19 

ah2 is heritability, e 2 and e 2 are environmentalities due 
to shared and within-pair environmental influences, respec- 
tively, and Ve is the total phenotypic variance. 

there are a number of loadings near zero within each submatrix that, as indicated 
by subsequent model fits described below, contribute significantly to the poor fit 
of this initial model. 

Tests of Genetic and Environmental Covariance Structure 
In Model 2, three diagonal factors and specifics were imposed upon each 
covariance matrix. The factors were based upon an analysis of data from the 
WISC-R standardization sample (Kaufman, 1975) and were defined by that 
subtest which loaded highest on each factor. Therefore, for Model 2 and all 
subsequent three-factor models, Vocabulary, Block Design, and Digit Span are 
the subtests which characterize the Verbal Comprehension, Perceptual Organi- 
zation, and Freedom from Distractibility factors, respectively. The resulting fit 
of the three-factor structure in Model 2 was acceptable, and the improvement in 
fit over Model 1 was substantial as may be seen in Table 4. 

Next, as shown in Table 4, each covariance matrix was tested separately for 
even more parsimonious structure. In Model 3, a single factor and specifics were 
hypothesized for the common environmental matrix. This model accounts for the 
data well, and the improvement in fit over the preceding model was again 
substantial. 

In order to test the hypothesis that a single factor is sufficient to account for 
twin similarity due to common environmental influences, the specifics were 
dropped from the common environmental covariance matrix in Model 4. This 
model resulted in an adequate fit and a nonsignificant change in chi-square. 

The within-pair environmental covariance structure was assessed in a similar 
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TABLE 4 
Models Fitted to the Genetic and Environmental Covariance Structures 

241 

Model Fit Change Statistics • 

Model Description ×2 df p ×2 df p 

1 Full Cholesky decomposition 127.07 66 <.001 - -  - -  - -  
imposed upon genetic and 
environmental matrices. 

2 Three-factor structure, with 159.39 141 .14 32.32 75 >.99 
specifics, imposed upon each 
covariance matrix. 

3 Same as Model 2, but with a 176.54 160 .18 17.15 19 >.50 
single factor and specifics 
imposed upon the common 
environmental matrix. 

4 Same as Model 3 without the 190.35 171 .15 13.81 11 >.20 
specifics in the common 
environmental matrix. 

5 Same as Model 4, but with 210.72 190 .14 20.37 19 >.35 
one factor and specifics 
imposed upon the within-pair 
environmental matrix. 

6 Same as Model 5, but 241.80 201 .03 31.08 11 <.005 
dropping the single factor in 
the within-pair environmental 
matrix. 

7 Same as Model 5, but with 276.12 209 .001 65.40 19 <.001 
one factor and specifics 
imposed upon the additive 
genetic matrix. 

8 Same as Model 5, but with a 226.00 201 .11 15.28 11 >.15 
Kaufman (1975) factor 
structure imposed upon the 
additive genetic matrix. 

aModels 7 and 8 are compared to Model 5. Models 2, 3, 4, 5, and 6 are compared to the 
immediately preceding model. 

m a n n e r .  M o d e l  5 h y p o t h e s i z e s  one  fac tor  and  speci f ics  for  this  componen t .  This  

m o d e l  is accep ted ,  a nd  the  c h a n g e  in fit ,  w h e n  c o m p a r e d  to the three- fac tor  

s t ruc ture ,  is nons ign i f i can t .  
B e c a u s e  there  is l i t t le appa ren t  s t ruc ture  in the  wi th in -pa i r  e n v i r o n m e n t a l  

co r re l a t ion  ma t r ix  (Tab le  2),  the  s t ructure  o f  the  wi th in -pa i r  e n v i r o n m e n t a l  

c o v a r i a n c e  ma t r ix  was  h y p o t h e s i z e d  in M o d e l  6 to be  solely  a funct ion  o f  the 

spec i f ic  fac tors .  T h e  resu l t ing  s ign i f i can t  c h a n g e  in ch i - square  makes  it apparen t  

tha t  i nc lu s ion  o f  a s ingle  fac tor  a long  wi th  the speci f ics  is war ran ted  for  this  

mat r ix .  
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Next, the three-factor structure of the additive genetic covariance matrix was 
tested by hypothesizing a single factor and specifics. As may be seen from the fit 
of Model 7, the resulting change chi-square is highly significant. Thus, a single- 
factor model is not adequate to account for the structure of the genetic covariance 
matrix. 

To examine the structure of the genetic covariance matrix more rigorously, a 
model based upon the Kaufman (1975) factor structure was hypothesized. More 
specifically, the Information, Similarities, Vocabulary, Comprehension, Picture 
Arrangement, Picture Completion, and Arithmetic subtests were allowed to load 
on the first factor (Verbal Comprehension); Picture Arrangement, Picture Com- 
pletion, Block Design, Object Assembly, Similarities, and Comprehension were 
allowed to load on the second factor (Perceptual Organization); and Arithmetic, 
Digit Span, Block Design, Coding, Information, and Vocabulary were allowed 
to load on the third factor (Freedom from Distractibility). The adequate fit of 
Model 8 suggests that the observed phenotypic factor structure may be a reflec- 
tion of the underlying genetic patterning of abilities. 

DISCUSSION 

Results from the present study provide additional insight into the etiology of 
individual differences in mental ability profiles. The methodology employed 
yields estimates of the extent to which genetic and environmental factors contrib- 
ute to observed phenotypic variation on individual subtests, as well as indices of 
the extent to which individual differences in the different subtests are due to the 
same genetic and environmental influences. Although heritability estimates for 
the 11 subtests vary in the degree to which they contribute to phenotypic vari- 
ance, the genetic correlations among subtests that load on the Verbal Com- 
prehension, Perceptual Organization, and Freedom from Distractibility factors 
(Cohen, 1959) indicate substantial genetic commonality within factors. 

More importantly, the methods employed in this study facilitated tests of 
hypotheses concerning genetic and environmental covariance structures. Be- 
cause those tests comprising the previously defined phenotypic factors (Verbal 
Comprehension, Perceptual Organization, and Freedom from Distractibility) 
tend to show higher genetic correlations than are observed between other sub- 
tests, we hypothesized that the observed phenotypic factor structure may be due 
to genetic influences. To test this hypothesis, we imposed single-factor structures 
upon the environmental covariance matrices and constrained the additive genetic 
covariance matrix to conform to the phenotypic factor structure. The results 
indicated that this model provided an adequate and parsimonious representation 
of the data, 

Results of this analysis suggest that the covariance structures of the genetic, 
common environmental, and within-pair environmental component matrices dif- 
fer. The three phenotypic factors typically observed in WISC data may be due 
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largely to genetic influences. In contrast, the structure of the common environ- 
mental covariance matrix indicated a single pervasive influence of family en- 
vironment and the within-pair environmental covariance matrix is dominated by 
specific test variances. 

Although the results of this analysis suggest differential covariance structures 
in the various component matrices, some caution concerning this interpretation is 
required due to the relatively low phenotypic correlations observed among the 
subtests in this study and to the small sample size of 143 twin pairs. This is 
especially problematic with regard to the structure of the common environmental 
component because this source of variance and covariance is relatively weak 
Moreover, variances and covariances due to common environmental influences 
are confounded with those due to assortative and cross-assortative mating 
(Eaves, Heath, & Martin, 1984). On the other hand, it should be noted that the 
number of twin pairs tested in the present study is larger than that of any previous 
twin study in which Wechsler subtest data were reported. 

In conclusion, heritable variation in mental ability profiles is a function of 
both genetic variation for individual subtests and genetic covariation among 
different subtests. Estimates of these parameters and tests of their covariance 
structure employing the methods of multivariate behavioral genetics permit fur- 
ther insight into the etiology of individual differences in multivariate data sets, 
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