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A multivariate conditional path model was fitted to general cognitive ability and reading 
performance data obtained from members of 119 adoptive families and 120 nonadoptive 
families. Measures include Wechsler-R Full-Scale, Verbal, and Performance IQ scores 
and Peabody Individual Achievement Test (PIAT) Reading Recognition scores for both 
parents and 7-year-old offspring. Results of model-fitting analyses provide evidence for 
moderate phenotypic correlations between the PIAT and IQ measures, substantial 
heritability for IQ and Reading Recognition, and large genetic correlations among the 
traits, particularly with respect to Verbal IQ and Reading Recognition. Thus, IQ-academ- 
ic achievement relationships may be largely due to genetic influences. 

The intel l igence test developed by  Binet  and S imon  in 1905 was intended as a 
predictor  o f  c lassroom achievement  of  young  children (Weinberg,  1989). Al- 
though the Binet  and subsequent  intel l igence tests are valid predictors of  academ- 
ic achievement  (Dunn  & Markwardt ,  1970), the et iology of  the relationship 
be tween  tests o f  mental  abil i ty and school achievement  has not  been  investigated 
extensively. It is reasonable  to hypothesize that associations be tween abili ty and 

achievement  measures  are mediated environmental ly ,  for example,  as the educa- 
t ional  system strives to foster both abil i ty and achievement .  However,  genetic 
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mediation of the ability-achievement association is also plausible--that is, ge- 
netic factors that influence scores on measures of intelligence might affect perfor- 
mance on achievement measures as well. The nature of this etiology is an 
empirical matter. 

Although numerous previous studies suggest that the heritability of general 
cognitive ability is substantial (see reviews by Bouchard & McGue, 1981; 
Plomin & DeFries, 1980), relatively few studies have investigated the nature of 
genetic influences on measures of school achievement during middle childhood. 
One small sibling adoption study reported heritability estimates of .26 and .53 
for reading and math achievement, respectively (Scarr & Carter-Saltzman, 
1982). Studies of twin samples by Matheny and Dolan (1971) and Harris (1982) 
yielded heritability estimates ranging from .38 to .68 for a variety of reading 
achievement measures. Such results suggest that tests of academic achievement 
as well as intelligence show genetic influence. 

The average correlation between IQ tests and various measures of scholastic 
achievement is approximately .50 (Jensen, 1969). Given this large phenotypic 
correlation between two variables, both of which appear to be highly heritable, it 
seems quite possible that individual differences in measures of general cognitive 
ability and school achievement may be due at least in part to the same component 
processes. 

To our best knowledge, only one multivariate behavioral genetic analysis of 
IQ and achievement data has been reported previously. Brooks, Fulker, and 
DeFries (1990) analyzed reading performance data (Peabody Individual Achieve- 
ment Test [PIAT]; Dunn & Markwardt, 1970) and Full-Scale Wechsler IQ scores 
obtained from a sample of 86 monozygotic (MZ) twin pairs and 60 same-sex 
dizygotic (DZ) twin pairs in the Colorado Reading Project. Multivariate analysis 
of these data yielded substantial heritability estimates for both IQ and PIAT 
Reading Recognition, .57 and .45, respectively. Moreover, estimates of the 
phenotypic and genetic correlations between these two measures were .38 and 
.58, suggesting that the relationship between intelligence and school achieve- 
ment is largely genetic in origin. 

The purpose of the present study was to investigate the genetic and environ- 
mental etiologies of individual differences in tests of intelligence and school 
achievement. More specifically, we explored the relationship between Reading 
Recognition and intelligence as previously examined by Brooks et al. (1990). 
However, rather than the twin method used earlier by Brooks et al., our multi- 
variate behavioral genetic analysis employed an adoption design. In addition to a 
bivariate analysis of PIAT Reading Recognition and Full-Scale IQ, we also 
undertook a trivariate analysis involving both the Verbal and Performance IQ 
subscales. A multivariate adoption model (Rice, Carey, Fulker, & DeFries, 1989) 
was fitted to data from a sample of 119 adoptive and 120 nonadoptive families 
participating in the Colorado Adoption Project (Plomin, DeFries, & Fulker, 
1988) in order to assess the genetic and environment etiologies of the IQ-  
achievement relationship. 
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We formulated several predictions regarding the outcome of the study. We 
expected to find a substantial phenotypic correlation between Full-Scale IQ and 
Reading Recognition. Moreover, we predicted larger phenotypic correlations 
between Verbal IQ and Reading Recognition than between Performance IQ and 
Reading Recognition (see Sattler, 1982). We also expected to obtain substantial 
heritability estimates for both intelligence and Reading Recognition, congruent 
with those reported from previous studies. Finally, given the combination of high 
heritabilities and phenotypic correlations among the measures, we predicted a 
substantial genetic correlation between intelligence and school achievement, 
particularly with respect to verbal intelligence. 

METHOD 

Subjects 
The Colorado Adoption Project (CAP) is a longitudinal, prospective study of 
genetic and environmental determinants of behavioral development. It employs a 
"full" adoption design in that a variety of measures are administered to both 
adoptive and biological parents, as well as to the adopted children (DeFries & 
Plomin, 19~78). Adopted children are separated from their biological parents a 
few days after birth and are placed in their adoptive homes within 1 month. 
Nonadoptive control families are matched to the adoptive families according to 
several criteria: age, education, and occupational status of the fathers, gender of 
the adopted child, and number of children in the family. Detailed descriptions of 
the CAP sample have been provided by Plomin and DeFries (1985). 

The present sample consists of 119 adoptive families and 120 nonadoptive 
families participating in the CAP. The children in the sample were tested after 
completion of their first year in elementary school, at an average age of 7.4 
years. Data from biological parents are not included in the present sample be- 
cause the particular measures used in this study were not collected from biolog- 
ical parents. 

Although the lack of available biological parent data prevents us from util- 
izing the full potential of the CAP adoption design, other partial adoption studies 
of intelligence have yielded results quite consistent with those of more complete 
adoption designs (see Scarr & Carter-Saltzman, 1982; Scarr & Weinberg, 1983). 
A slight loss of power to detect genetic effects may result from the absence of 
direct h 2 estimates provided by biological parent/adopted-offspring correlations. 
Nevertheless, the data are sufficient to yield adequate estimates of genetic and 
environmental transmission parameters. 

Measures 
Standardized intelligence measures used in the study were the Wechsler Adult 
Intelligence Scale-Revised (WAIS-R) (Wechsler, 1981) and the Wechsler Intel- 
ligence Scale for Children-Revised (WISC-R) (Wechsler, 1974). Standard scores 
from the Reading Recognition subtest (REC) of the Peabody Individual Achieve- 
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ment Test (PIAT) (Dunn & Markwardt, 1970) were obtained from both parents 
and offspring in the present CAP sample. The WAIS-R, WISC-R, and PIAT 
Reading Recognition measures appear to be highly isomorphic from childhood to 
adulthood and, thus, minimize potential contamination of model parameter esti- 
mates due to age-based differences in tests (see DeFries, Plomin, & LaBuda, 
1987). 

A n a l y s e s  

The multivariate path model of genetic and environmental transmission devel- 
oped by Rice et al. (1989) was applied to the CAP data. The model employs 
multivariate conditional paths (VanEerdewegh, 1982) to represent the effects of 
phenotypic assortment and cross-assortment, which provide identical expecta- 
tions as correctly specified reverse paths (Fulker, 1988). Figure 1 shows the path 
diagram of the model as applied to the present sample, in which h, e, and Y2 
represent diagonal matrices of the square root of heritability and environmen- 
tality, and a diagonal matrix containing t/2 in each element, respectively. Full 
nonsymmetric matrices of mate conditional path parameters (equated across 
family types), genotype-environment correlations, and maternal and paternal 
environmental transmission parameters are represented by D, s, m, and f, 
respectively. 

Derivations of the parameter matrices for the present analysis differ somewhat 
from those reported by Rice et al. (1989) because our matrix respecification 
permits elimination of the parameter constraints previously required for model 
identification. The original model required parameterization of e and RE, a 
matrix of environmental correlations, whereas R a (the expected phenotypic cor- 
relation matrix) and s were subject to constraints imposed by other model param- 
eters, and f was derived from the parameter constraints. However, if m and f are 
modeled as product matrices m e  and  f e ,  and  R p  is estimated as a free symmetric 
correlation matrix, the e, R E, and product matrix se can be derived from extant 
model parameters. 1 This alteration in parameterization results in fewer overall 
estimated parameters and does not affect the expected adoptive and nonadoptive 
covariances derived from the path diagram by Rice et al. (1989). These changes 
also are equivalent to a multivariate extension of the univariate model outlined by 
Fulker et al. (1988) and recently described by Cyphers, Fulker, Plomin, and 
DeFries (1989). 

For the present analyses, the multivariate model of parental transmission was 
first applied as a bivariate model to Full-Scale IQ scores and PIAT Reading 
Recognition data of CAP parents and offspring. Then, in order to explore the 
relationship between Reading Recognition and more specific components of 

IRE and e are derived as a matrix product, where eREe = R p  - ( h i g h '  + hse' + es'h). In a 
similar manner, se = Vzl~h'  {(I + D'Rp)me' + (I + DRp)fe'} {I - [(I + D'Rp)me' + (I + 
DRp)fe']}-  I. 
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intelligence, the Verbal and Performance IQ scores and the Reading Recognition 
data were fitted to a trivariate model of parental transmission. 

The bivariate and trivariate path models were fitted to observed variance/ 
covariance matrices of the adoptive and nonadoptive families. For the bivariate 
case, the observed statistics form two 6 × 6 matrices, one for adoptive mothers, 
fathers, and offspring and one for the members of nonadoptive families. A 9 × 9 
matrix is formed for each family type when based on the trivariate model of REC 
data and Verbal and Performance IQ scores. The observed correlation matrices 
are presented in Appendix A. 

The model was fitted to the data using maximum-likelihood estimation by the 
MINUIT package of numerical optimization routines (CERN, 1977). The follow- 
ing maximum-likelihood function was minimized: 

F = 

rn  

1=1 

(N,  - 1 .0 )  [In IE, I - In IS, I + tr (S,E,  - 1 )  - p,] ,  

where m is the number of observed and expected covariance matrices; Pi is the 
order of the ith matrix; and S i and E i are the observed and expected covariance 
matrices having ( N  i - 1.0) degrees of freedom. This function is distributed 
asymptotically as a chi-square statistic having the following degrees of freedom: 

m 

df = ~'~ [P/(P, + 1)/2] - n, 
i = 1  

where n is the number of estimated parameters. Function differences between full 
and reduced models also yield ×2 values, which have degrees of freedom equal to 
the difference in number of parameters estimated by the two models. The full 
model was initially fitted to the observed matrices, and then reduced models 
were explored in order to test the significance of the parameter estimates. 

RESULTS 

Bivariate Model 
The ×2 test of goodness of fit for the full bivariate model has 22 degrees of 
freedom (42 observations minus 20 parameters). The X 2 value of 37.70 obtained 
from fitting the model significantly exceeds its 22 degrees of freedom (/7 < 
.025); however, given that the chi-square statistic is quite sensitive when applied 
to large samples (see Mulaik et al., 1989), the lack of fit may be due to the size of 
the present sample. A Bentler Noncentrality Normed Fit Index (Bender, 1988) of 
.92 suggests an acceptable fit to the data independent of sample size. The 
estimated phenotypic correlation coefficient (Rp) between PlAT Reading Recog- 
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TABLE 1 
Parameter Estimates Resulting from Fit of Full and Reduced Models to Full-Scale IQ (IQ) 

and PlAT Reading Recognition (REC) Data 

Full Model Reduced Model 
REC IQ REC IQ 

h 

RE 

Rp 

D. 

m 

REC .71 .60 
IQ .42 .62 

REC .59 .80 
IQ .85 .79 

REC 1.190 1.00 1.00 0.90 
IQ 1.00 1.00 

REC 1.00 0.04 1.00 0.15 
IQ 1.00 1.00 

REC 1.00 0.45 1.00 0.43 
IQ 1.00 1.00 

REC 0.17 -0.13 0.11 -0.12 
IQ 0.13 0.21 0.11 0.20 

REC 0.05 -0.03 
1Q -0.03 0.16 

REC -0.34 0.26 
IQ 0.22 -0.10 

REC -0.05 0.14 
IQ -0.05 0.14 

X2(22) = 37.70, p < .025 X2(30) --,47.06, p < .05 

"Rows, Mothers; Columns, Fathers 

nition and IQ is .45..In contrast, the estimated genetic correlation (RG) between 
these two measures is unity, suggesting that individual differences in Reading 
Recognition and tests of general intelligence are due to the same genetic influ- 
ences (see DeFiles et al., 1987 for a discussion of alternative interpretations of 
high genetic correlations). The environmental correlation between the measures 
is .04, which also suggests that the phenotypic IQ/REC correlation is not due to 
environmental factors. 

The maternal and paternal cultural transmission parameters (m and f) and the 
genotype-environment correlations (s) were dropped from the full model in an 
effort to obtain a more parsimonious explanation of the observed correlations. 
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The absence of the m, f, and s parameters results in a model in which the product 
matrices eREe' and h i g h '  sum to form the phenotypic correlation matrix Rp. 
Comparison of this model with the full model indicated no significant loss of fit 
(×2(8) = 9.63, p > .25). Parameter estimates from the full and reduced models 
are presented in Table 1. 

In order to test the significance of the genetic parameters, further reduction of 
the model was attempted by dropping the h and R G matrices. This model 
revealed an unacceptable loss of fit (X2(3) = 18.05, p < .001). Therefore, the 
reduced model with the parameters listed in Table 1 was accepted as being most 
parsimonious. In general, parameter estimates from this reduced bivariate model 
are similar to those of the full model, yet more compatible with our expectations. 
The phenotypic correlation between REC and IQ is .43 and the heritability (h 2) 
estimates for Reading Recognition and Full-Scale IQ are .36 and .38, respec- 
tively. The estimated genetic correlation of .90 again indicates that the proportion 
of individual differences representing shared variance between these two mea- 
sures is largely due to the same genetic influences. 

Trivariate Model 
Given the previous evidence that reading performance is more highly related to 
verbal skills than nonverbal aspects of intelligence (Bowers, Steffy, & Tate, 
1988), a trivariate model was fitted to Verbal and Performance IQ and PIAT 
Reading Recognition data. The ×2 goodness of fit for the full trivariate model has 
48 degrees of freedom (90 observed statistics minus 42 parameters). The trivari- 
ate model fit the data well (X2(48) = 52,08, p > .25), indicating that the genetic 
and environmental parameters better explain the joint transmission of Reading 
Recognition with both Verbal and Performance IQ than with only full scale 
intelligence. 

A reduced model was fit to the trivariate data as in the bivariate analysis. This 
model, with m, f, and s parameters constrained to be zero, also fit the data well 
(X2(66) = 76.312, p > . 10) and did not result in a significant change in fit from 
the full model (X2(18) =- 24.24, p > .  10). However, the genetic parameters could 
not be dropped from the reduced model without a significant loss of fit (X2(6) = 
27.19, p < .001). Thus, the reduced model with the genetic parameters included 
was accepted as most parsimonious. Table 2 shows the parameter estimates 
obtained from fitting both the full and reduced trivariate models. 

The phenotypic correlations among the measures are moderate, ranging from 
.27 between Reading Recognition and Performance IQ to .46 for REC and 
Verbal IQ. Heritability estimates are .38 for REC, .36 for Verbal IQ, and .41 for 
Performance IQ. The genetic correlation between Reading Recognition and Ver- 
bal IQ is .96, whereas that between REC and Performance IQ is only .45. As 
hypothesized, these estimates indicate a much stronger genotypic' relationship 
between Reading Recognition and Verbal IQ than between Reading Recognition 
and Performance IQ. 
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TABLE 2 
Parameter Estimates Resulting from l~t of Full and Reduced Models to Verbal IQ (VIQ), 

Performance IQ (PIQ) and PlAT Reading Recognition (REC) Data 

Full Model Reduced Model 
REC VIQ PIQ REC VIQ PIQ 

h 

a~ 

RE 

Rr 

m 

REC .73 
VIQ .43 
PIQ 

REC 
VIQ 
PIQ 

.62 
.60 

.63 .64 

.54 .79 
.83 .80 

.76 .77 

REC 1.00 1.00 0.38 1.00 0.96 0.45 
VIQ 1.00 0.28 1.00 0.51 
PIQ 1.00 1.00 

REC 1.00 0.01 0.12 1.00 0.16 0.15 
VIQ 1.00 0.48 1.00 0.40 
PIQ 1.00 1.00 

REC 1.00 0.48 0.28 1.00 0.46 0.27 
VIQ 1.00 0.46 1.00 0.44 
PIQ 1.00 1.00 

REC 0.19 -0.24 0.08 0.18 -0.23 0.08 
VIQ 0.08 0.33 -0.16 0.07 0.32 -0.17 
PIQ 0.00 0.11 -0.00 -0.00 0.12 -0.00 

REC 0.01 0.16 -0.20 
VIQ -0.02 -0.04 0.30 
PIQ 0.12 -0.16 0.15 

REC -0.39 0.18 0.12 
VIQ 0.19 -0.00 -0.09 
PIQ 0.27 0.05 -0.15 

REC -0.13 0.19 0.05 
VIQ -0.12 0.19 0.05 
PIQ -0.13 0.12 0.02 

×2(48) = 52.08, p > .25 X2(66) = 76.31, p > .10 

JRows, Mothers; Columns, Fathers 
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DISCUSSION 

The results of fitting a multivariate path model of parental transmission to Read- 
ing Recognition scores and Wechsler IQ data from the Colorado Adoption Project 
suggest a genetic etiology for the relationship between measures of general 
intelligence and school achievement. Moreover, the genetic correlation between 
Reading Recognition and Verbal IQ appears to be substantially greater than that 
between reading and Performance IQ. In contrast, environmental influences are 
specific to each measure and contribute little to the IQ-academic achievement 
relationship. 

The results of our bivariate and trivariate analyses strongly suggest that hered- 
itary influences cause the phenotypic resemblance between verbal intelligence 
and reading performance. The heritability estimates of the traits obtained from 
the fit of the reduced trivariate model, .38 for Reading Recognition and .36 for 
Verbal IQ, are consistent with estimates obtained from other studies of school- 
age children with their parents (Scarf & Carter-Saltzman, 1982) and from twin 
studies (Harris, 1986). 

Parameter estimates obtained from the fit of the reduced lrivariate model 
permit quantification of the extent to which phenotypic correlations between 
Reading Recognition and the IQ measures are due to genetic and environmental 
factors. The ratios of the elements of the genetic component product matrix 
(hRGh') to the corresponding elements of the R v matrix reveal that 78% of the 
phenotypic correlation between Reading Recognition and Verbal IQ (r = .46) 
and 67% of that between Reading Recognition and Performance IQ (r = .27) are 
due to hereditary influences. These proportions, in combination with the esti- 
mates of large genetic correlations and small environmental correlations that 
were generated by all models fit to the data, converge to suggest substantial 
genetic commonality between measures of intelligence and verbal scholastic 
achievement. 

Several main conclusions emerge from the study. First, one particular mea- 
sures of school achievement, Reading Recognition, appears to be about as herita- 
ble as general intelligence. Second, Reading Recognition and general intel- 
ligence are moderately correlated phenotypically and the correspondence 
between these measures is predominantly genetic in origin. That Brooks et al. 
(1990) obtained a similar result from an analysis of twin data strongly supports 
this conclusion. Finally, Reading Recognition is more highly correlated with 
verbal intelligence than with nonverbal intelligence at the phenotypic level and 
the difference is even more pronounced at the level of the genotype. This finding 
suggests that heritable determinants of verbal ability scores are applicable both to 
school performance and to verbal intelligence, but that somewhat different mech- 
anisms may be responsible for cognitive skills unrelated to those measured by 
tests of verbal abilities. 

Although the present analysis is limited to reading achievement after the first 
year in school, its results, if replicated for other ages and other measures, carry 
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far-reaching implications for educational theory. First, these results, as well as 
other studies of older children, suggest that school achievement measures are just 
as heritable as are scores on IQ tests. These are not merely statistically significant 
genetic effects--they account for over a third of the total variance. Although 
genetically conditioned characteristics are not immutable, this finding contrasts 
sharply with the widespread assumption that achievement tests solely assess what 
has been taught rather than characteristics of the learner. The second finding may 
be of even greater significance: The association between tests of achievement and 
intelligence is largely due to genetic factors. It has been known for a long time 
that IQ and school achievement measures are substantially correlated. However, 
the typical correlation of .50 means that there are many cases of bright children 
who do not achieve and vice versa. The present results imply that the two 
domains are nearly perfectly correlated in terms of genetic influence and that 
heredity is largely responsible for the phenotypic association. One implication is 
that the genetic covariance between achievement and mental ability can cloud the 
picture of educational progress as assessed by achievement measures. A more 
positive implication can be seen when the other side of the finding of genetic 
covariance is examined. That is, environmental factors are largely responsible 
for the uncorrelated components of IQ and achievement measures. Thus, the 
environmental impact of education lies in promoting that part of achievement 
which is independent of intelligence. 
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