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Variability and Stability in Cognitive Abilities Are 
Largely Genetic Later in Life 

R. P lomin ,  a N. L.  Pedersen,  a,2 P.  Lichtenste in,  2 and G. E. McClearn  I 

Received 23 Jan. 1993--Final 1 Sept. J993 

The powerful quantitative genetic design of identical and fraternal twins reared apart 
(112 pairs) and matched twins reared together (111 pairs) was employed to assess the 
extent of genetic influence on individual differences in cognitive abilities during the last 
half of the life span. General cognitive ability yielded a heritability estimate of about 
.80 in two assessments 3 years apart as part of the Swedish Adoption/Twin Study of 
Aging. This is one of the highest heritabilities reported for a behavioral trait. Across the 
two ages, average heritabilities are about .60 for verbal tests, .50 for spatial and speed- 
of-processing tests, and .40 for memory tests. For general cognitive ability, the pheno- 
typic stability across the 3 years is .92 and stable genetic factors account for nearly 90% 
this stability. These findings suggest that general cognitive ability is a reasonable target 
for research that aims to identify specific genes for complex traits. 
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I N T R O D U C T I O N  

Cognitive abilities are among the most heritable di- 
mensions of behavior (Plomin and Neiderhiser, 
1992). These include specific abilities such as spa- 
tial, verbal, memory, and speed of processing as 
well as general ability, often called intelligence, 
which encompasses the positive covariance among 
specific abilities. The earliest twin and adoption 
studies in the 1920s focused on general cognitive 
ability. During the ensuing 50 years, data on about 
50,000 individuals were collected in dozens of fam- 
ily, twin, and adoption studies. Doubts raised about 
some of these older data (Kamin, 1974) led to the 
collection of data on iarger samples during the 1970s 
and 1980s than in the previous 50 years combined. 
The data converge on the conclusion that genetic 
influence is significant and substantial for general 
cognitive ability (Bouchard and McGue, 1981; 
Plomin and DeFries, 1980). Estimates of heritabil- 
ity, the effect size of genetic influence, are sub- 
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stantial, about 50% (Chipuer, et aL, t990; Loehlin, 
1989). Research on specific cognitive abilities also 
implicates substantial genetic involvement; there is 
some evidence that memory abilities show' less ge- 
netic influence than other cognitive abilities (De- 
Fries, et al., 1976; Plomin, 1988). 

Most of this quantitative genetic research has 
been limited to adolescents and young adults. Much 
less is known about the relative importance of ge- 
netic and environmental factors later in life. It can- 
not be assumed that the relative magnitude of genetic 
and environmental influence remains unchanged 
throughout the life span. For example, it is possible 
and often assumed that genetic influence decreases 
as experiences accumulate during the life course. 
For example, this assumption has been explicit in 
the former Soviet Union (Mangan, 1982). How- 
ever, research on cognitive abilities suggests that 
the opposite might be the case (Plomin, 1986). At 
least during childhood, longitudinal twin and adop- 
tion studies suggest that genetic influence increases 
rather than decreases (Cardon et aL, 1992; Fulker 
et aL, 1988; McCartney, et aL, 1990; Wilson, 1983). 
The developmental course of cognitive ability is 
less clear during adolescence and few studies have 
been conducted during adulthood. Despite the 
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scarcity of such studies, the literature is consistent 
with the hypothesis that heritability increases 
throughout the life span (Plomin and Thompson, 
1987; McGue et al . ,  1993). 

The present study applies the powerful design 
of identical (monozygotic; MZ) and fraternal (di- 
zygotic; DZ) twins reared apart (A) and matched 
twins reared together (T) to investigate the genetic 
contribution to cognitive abilities at two measure- 
ment occasions during the last half of the life span. 
At the average age of 64 years and again 3 years 
later, 223 same-sex pairs of Swedish twins in these 
four groups were tested on a battery of 11 cognitive 
tests designed to assess general cognitive ability 
and the specific cognitive abilities of spatial, ver- 
bal, memory, and speed of processing. The twins 
are participating in the longitudinal Swedish Adop- 
tion/Twin Study of Aging (SATSA; Pedersen et 
al . ,  1991). Data from the first test session sug- 
gested an extremely high heritability, of the order 
of 80%, for general cognitive ability (Pedersen et 
al . ,  1992). Heritabilities for specific cognitive abil- 
ities were lower but also substantial. The only other 
quantitative genetic study of cognitive abilities in later 
life is a study from 30 years ago (Kallman et al.,  
1951) which reported twin data in such a manner that 
it is not possible to use the results of the study to 
estimate the magnitude of genetic influence. 

The present paper reports results for the full 
longitudinal sample tested during 1986-1988 and 
again during 1989-1991. In addition to attempting 
to replicate the original results, longitudinal data 
such as these make it possible to analyze genetic 
and environmental contributions to change and con- 
tinuity across ages in addition to analyzing the var- 
iance at each age. Longitudinal genetic analyses of 
stability for general cognitive ability suggest that 
genetic effects largely contribute to stability rather 
than to change in childhood (Fulker et al . ,  1993) 
and young adulthood (Loehlin et al . ,  1989). 

In summary, the rationale of the present study 
was twofold. First, we attempted to replicate our 
previous findings for the same individuals tested 3 
years later. As in our original report, we expected 
to find extremely high heritability for general cog- 
nitive ability and lower but nonetheless substantial 
heritabilities for specific cognitive abilities. Sec- 
ond, we investigated genetic contributions to change 
and continuity across this 3-year period. The few 
longitudinal genetic analyses of cognitive ability 
earlier in life led us to expect that genetic effects 

on cognitive ability later in life would contribute to 
stability rather than to change. 

METHODS 

Sample 

The SATSA sample consists of a subset of 
twins from the population-based Swedish Twin Re- 
gistry (Cederl~f and Lorich, 1978). The number of 
twin pairs in which both members of the pair par- 
ticipated in both test sessions were 34 MZA, 48 
MZT, 78 DZA, and 63 DZT. The average age of 
the 223 same-sex pairs of twins was 64.1 years (SD 
= 7.5 years) during the first test session. About 
half of the reared-apart twins were separated before 
their first birthday (48%), 81% were separated by 
the age of 5, and all were separated by the age of 
11. The reasons for separation varied; the majority 
of the twins was separated due to the death of one 
or both parents or economic hardship. A sample of 
twins reared together was matched on the basis of 
gender and date and county of birth. Zygosity di- 
agnoses were first made on the basis of physical 
similarity and confirmed on the basis of serological 
assay. Further details of the procedures, sample, 
and design of SATSA are described elsewhere 
(Pedersen et al . ,  1991). 

Procedures and Measures 

Twins were tested individually in a 4-h session 
that included a cognitive battery consisting of 11 
tests designed to assess general cognitive ability 
and specific cognitive abilities (spatial, verbal, 
memory, and speed of processing). The tests show 
adequate reliability, with estimates ranging from 
.82 to .96 (Pedersen et al . ,  1992). All of the tests 
contribute to the first unrotated principal component 
which accounted for 45% of the total variance. First 
principal-component scores were used as an index of 
general cognitive abilities. Because twin resemblance 
is inflated by variance due to age and gender, scores 
were residualized for age and gender. 

Quantitative Genetic Design and Analyses 

The four-group design of MZA, MZT, DZA, 
and DZT represents one of the most powerful de- 
signs in the armamentarium of quantitative ge- 
netics. In the absence of selective placement, the 
MZA correlation provides a direct estimate of her- 
itability. Other independent estimates of genetic in- 
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fluence can be derived from the DZA correlation 
and comparisons between MZ and DZ correlations. 
The effect of shared rearing environments can be 
assessed by comparing correlations of twins reared 
apart with correlations for twins reared together. 

Model-fitting analyses consider all of the data 
simultaneously and provide maximum-likelihood 
parameter estimates. The longitudinal model is a 
standard model used previously in SATSA (Ped- 
ersen, 1993) and was fitted to observed covariance 
matrices using LISREL VII maximum-likelihood 
estimation procedures (J6reskog and S6rbom, 1989). 
The model is illustrated as a path diagram in Fig. 
1. The phenoWpe (P) assessed in 1986-1988 and 
again in 1989-91 is represented by the rectangles. 
Above the rectangles are circles representing latent 
variables of genetic and environmental influence 
shared in common between the two ages. G is a 
latent variable representing genetic influence that 
affects the phenotype at both ages. The model em- 
ployed in these analyses included an additive ge- 
netic parameter rather than both additive and 
nonadditive genetic parameters for two reasons. First, 
the additive model is more parsimonious, which is 
important because of the increased numbers of pa- 
rameters estimated in longitudinal models. Second, 
twin analyses have little power to distinguish be- 
tween the two components of genetic variance, es- 
pecially as in the present case, when assortative 
mating coefficients are not available. 

] P,086~8 ] P198901 I 

Fig. 1. Path diagram of the longitudinal genetic model. The 
model included two shared environmental parameters: shared 
rearing environment, and a residual shared environmentaI pa- 
rameter that includes selective placement and shared postrear- 
ing environment. Because the latter parameter was not significant 
for any variable, only one shared environment parameter is 
shown, which refers to shared rearing environment. 

E~ and En are latent variables representing, re- 
spectively, shared and nonshared environmental in- 
fluences common to the two ages. The model 
included two shared environmental parameters. One 
shared environmental parameter indexes shared 
rearing environment by means of the comparison 
between twins reared together and twins reared apart. 
The second parameter is a residual shared environ- 
mental parameter that includes selective placement 
and shared postrearing environment. Because the 
latter source of shared environment was not signif- 
icant for any measure, the shared environment pa- 
rameter refers only to shared rearing environment. 

The circles at the bottom of Fig. 1 represent 
residual latent variables that index genetic and en- 
vironmental influence unique to the second time of 
measurement. In other words, g, es, and e n rep- 
resent genetic, shared environmental, and non- 
shared environmental influences that are specific to 
the phenotype at the second age independent of ef- 
fects at the first age. 

Path coefficients are partial regressions that in- 
dicate the relative influence of the latent variables 
on the phenotype. Percentage variance explained by 
a path is calculated as the ratio of the square of the 
path coefficient to the sum of squared path coeffi- 
cients leading to the phenotype, as illustrated later. 

RESULTS 

General Cognitive Ability 

Intraclass correlations for general cognitive 
ability for the four groups of twins at the two ages 
are presented in Table 1. The pattern of twin cor- 
relations suggests substantial genetic influence on 
general cognitive ability at both times of measure- 
ment. For example, correlations for idemical twins 

Table  I. General Cognitive Ability: Twin Intraclass 
Correlations a 

MZA MZT DZA DZT 

1986-1988 .84 .84 .50 .06 
1989-1991 .70 .88 .48 .03 

R 

The sample size is lower for analyses of gcnerai cognitive 
ability because twin pairs were included only when both twins 
had complete data on all test at both measurement occasions. 
The numbers of pairs are 19 MZA, 39 MZT, 54 DZA, and 
33 DZT. 
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reared apart suggest heritabilities of .84 and .70 at 
the two measurement occasions. 

Rather than analyzing each data point sepa- 
rately at each age, a longitudinal model that ana- 
lyzes all of the data at both ages simultaneously is 
more elegant. For general cognitive ability, the re- 
sults of the best-fitting longitudinal model are shown 
in Table II and illustrated in Fig. 2. The best-fitting 
model included only the genetic parameter and the 
nonshared environment parameter. The nonsignifi- 
cant chi-square indicates that the model fits the data 
reasonably well. 

The parameter estimates in Table II are path 
coefficients in Fig. 2. As indicated earlier, the per- 
centage variance explained by a path is calculated 
as the ratio of the square of the path coefficient to 
the sum of squared path coefficients. For example, 
following Fig. 2, heritability at the first measure- 
ment occasion is estimated as the square of the ge- 
netic path coefficient at time 1 (.822) divided by 
the total variance at time i (.822 + .382). Thus, 
heritability at time i is .82. Heritability 3 years later 
is (.792 + .082) + (.792 + 212 + .082 .-.t- .332) 
= .80. 

In other words, about 80% of the total variance 

Table  II .  General Cognitive Ability: Parameter Estimates, 
Standard Errors, and Chi-Square for the Best-Fitting Model 

(h and en only) a 

h l l  hi2 h =  e n n  en12 en=  

Parameter estimate .82 .79 .08 .38 .21 .33 
SE .05 .05 .10 .03 .05 .03 

a X2(34) = 31.0, p = .62. 

m8~ 21 

i 

' P1986-88 P1989-91 

Fig. 2. Path diagram of results of best-fitting longitudinal 
genetic model for general cognitive ability. 

in general cognitive abilities can be attributed to 
genetic factors at both time 1 and time 2. Non- 
shared environment, which includes error of mea- 
surement, accounts for the remaining 18% of the 
variance at time 1 and 20% at time 2. 

The genetic contribution to phenotypic stabil- 
ity between the two ages is estimated by the product 
of the path coefficients from the common factor G 
divided by the total variance at time 2, which is the 
sum of all squared path coefficients at time 2. Thus, 
the genetic contribution to phenotypic stability is 
(.82 • .79) + (.792 + .212 + .082 + .332) = 
.83, indicating substantial genetic continuity. The 
path coefficient h22 estimates genetic variance at 
time 2 that is independent of genetic variance at 
time 1, that is, " n e w "  genetic influences at time 
2. The negligible and nonsignificant h22 estimate 
suggests that no new genetic influence on general 
cognitive ability emerges during the three years. In 
other words, genetic effects at time 1 overlap com- 
pletely with genetic effects at time 2. Genetic ef- 
fects on general cognitive ability contribute to 
continuity not change. 

Phenotypic stability, the correlation between 
the two ages, is estimated by the sum of the prod- 
ucts of the path coefficients from each common 
factor divided by the same denominator (i.e., the 
sum of all squared path coefficients at age 2): (.82 
• .79) + (.38 x .21) + (.792 + .212 + .082 
+ .332 ) = .93. 

Thus, the longitudinal results indicate that ge- 
netic factors are largely responsible for stability across 
the 3 years for general cognitive ability. Nearly 
90% of the phenotypic correlation of .93 (i.e., .83 
+ .93 = .89) between the two ages can be attrib- 
uted to genetic factors. Phenotypic stability not due 
to genetic stability is attributed to environmental 
stability, in this case nonshared environmental fac- 
tors. These results for generat cognitive ability are 
summarized in Table III, which illustrates the for- 
mat to be used to describe the results for specific 
cognitive abilities in the following section. 

Specific Cognitive Abilities 

Table IV presents twin correlations at the two 
ages for the 11 test scores grouped according to 
specific cognitive ability. In general, in comparison 
to the results for general cognitive ability, twin cor- 
relations for specific cognitive abilities suggest 
somewhat less genetic influence, as seen, for ex- 
ample, by the magnitude of MZA correlations. 
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Table IIL General Cognitive Ability: Components of 
Variance and Covariance (from Parameter Estimates in 

Table II) 

Stability from 
time 1 to time 2 

Herit- Shared Nonshared Genetic Pheno- 
ability environ, environ, typic 

1986-1988 .82 -- .18 .83 .93 
1989-1991 .80 -- .20 

Table  V lists the parameter  estimates and stan- 
dard errors f rom the best-fit t ing models  for the 11 
cognitive tests. Parameters marked with a dash were 
not included in the best-fitting model. The chi-squares 
indicate that the model  did not fit the data well  for 
four of  the tests. In these cases,  the lack of fit could 
be attributed to var iance or covariance differences 
across the groups;  when standardized var iances  or 
covariances (i.e., correlations) were used, the model 
fit well  and the parameter  estimates were  similar.  

Table VI  summarizes  components  of  var iance 
and time 1- t ime 2 covariance derived f rom the pa- 
rameter  est imates in Table V, as described earlier 
in relation to the data for general cognit ive ability. 
Across the two ages, the average heritabilities are 
about .60 for verbal  tests, .50 for spatial and speed- 
of-processing tests, and .40 for m e m o r y  tests. The  
heritability est imates are similar at the two occa- 
sions of  measurement :  The average heritability es- 
t imates are .52 and .53, respectively.  

Similar to the results for general cognit ive 
ability, the remaining variance is due largely to 
nonshared environment  and error of  measurement .  
Shared environment  is significant at both ages only 
for the Blocks test and the Information test. 

Also "similar to the results for general cognitive 
ability is the finding that most  of  the phenotypic  
correlation between the two ages is mediated ge- 
netically for specific cognit ive abilities. The aver- 
age phenotypic  correlation between the two ages is 
.69; genetic factors are responsible for 74% of this 
stability on average.  The h22 parameters  in Table  
V index genetic effects at t ime 2 that are indepen- 
dent of  genetic effects at t ime 1. Similar to general 
cognitive ability, this parameter  estimate is negli- 
gible for most  specific cognit ive abilities, indicat- 
ing that genetic effects contribute in continuity rather 
than change.  However ,  one test, Digit Symbol ,  
shows a significant h22 parameter  est imate,  indi- 

Table IV. Specific Cognitive Abilities: Twin Intraclass 
Correlations" 

MZA MZT DZA DZT 

Spatial 
Blocks 

1986-1988 .62 .76 .12 .35 
1989-1991 .58 .74 .17 .35 

Card Rotations 
1986-1988 .28 .62 .21 .24 
!989-1991 .45 .67 .21 .11 

Figure Logic 
1986-1988 .24 ~ .34 - .11 
1989-1991 .03 .43 .18 - .12 

Verbal 
Information 

1986-1988 .59 .82 .28 .21 
1989-1991 .57 .80 .26 .27 

Synonyms 
1986-1988 .54 .76 .20 .22 
1989-1991 .69 .72 .22 .17 

Analogies 
1986-1988 .56 .58 .14 .16 
1989-1991 .56 .67 .02 .22 

Memory 
Digit Span 

1986-1988 .56 .54 .27 .07 
1989-1991 .58 .60 .26 .08 

Names & Faces 
1986-1988 .26 .4t .29 .20 
1989-1991 .24 .66 .32 .00 

Thurstone Test 
1986-1988 .31 .33 .15 .04 
1989-1991 .38 .38 .20 .27 

Speed of processing 
Digit Symbol 

1986-1988 .61 .61 .27 .43 
1989-1991 .45 .76 .33 .38 

Figure Identification 
1986-1988 .62 .40 .27 .18 
1989-1991 .49 .68 .06 .02 

a Number of pairs with complete data on the tests for both 
twins at both occasions of measurement: MZA, 22-32; MZT, 
40-47; DZA, 66-76, DZT, 40-60. 

cating that genetic factors may  be responsible in 
part for changes in Digit Symbol  performance  dur- 
ing the 3-year  interval between measurement  oc- 
casions. Digit Span also suggests the possibil i ty of  
a genetic contribution to change,  although its h22 
parameter  is only marginal ly  significant. 

DISCUSSION 

The heritability of  general cognitive ability later 
in life appears to be about .80. In other words ,  
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Table V. Specific Cognitive Abilities: Parameter Estimates, Standard Errors, and Chi-Squares for Best-Fitting Models 
I I  

hH hx2 h22 es~ es~z es22 en~ en12 en22 

Spatial 
Blocks 

XZ(31) = 46.6, p = .04 
Parameters 5.06 4.79 .00 3.19 
SE .55 .52 - -  .76 

Card Rotations 
X2(31) = 24.1, p = .81 

Parameters 11.84 12.15 .01 4.33 
SE 1.61 1.74 - -  4.10 

Figure Logic 
• = 30.9, p = .67 

Parameters 2.11 2.19 - -  - -  
SE .27 .30 

Verbal 
Information 

• = 31.0, p = .62 
Parameters 6.36 5.58 .76 2.99 
SE .49 .48 .94 .79 

Synonyms 
• = 28.9, p = .67 

Parameters 4.18 4.20 - -  1.80 
SE .38 .32 .74 

Analogies 
Xz(33) = 38.8, p = .22 

Parameters 2.90 2.49 - -  .73 
SE .25 .30 .52 

Memory 
Digit Span 

X2(34) = 38.9, p = .26 
Parameters 1.39 1.43 .51 - -  
SE .13 .15 .25 

Names & Faces 
X2(35) = 52.9, p = .03 

Parameters 2.06 2.42 - -  - -  
SE .22 .22 

Thurstone Test 
Xa(35) =37.1 ,  p = .37 

Parameters 2.62 2.95 - -  - -  
SE .34 .31 

Speed Processing 
Digit Symbol 

X2(34) = 51.1, p = .03 
Parameters 8.13 7.24 3.27 - -  
SE .55 .60 .68 

Figure Identification 
Xa(34) = 52.1, p = .02 

Parameters 4.57 4.61 1.56 - -  
SE .43 .52 1.01 

2.24 .00 3.73 1.05 3.36 
.79 - -  .33 .42 .26 

.22 .00 11.55 3.22 10.41 
5.86 - -  1.03 1.36 .87 

- -  2.77 .58 3.04 
.18 .26 .17 

3.23 - -  3.60 1.36 3.04 
�9 68 .33 .40 .24 

�9 88 - -  2.92 1.67 2.47 
.82 .27 .34 .15 

1.64 - -  2.27 .32 2.09 
.41 .18 .26 .18 

- -  1.42 .63 1.31 
.10 .14 .09 

- -  2.41 .71 2.26 
.16 .21 .14 

- -  3.51 1.44 2.84 
.23 .29 .18 

5.54 2.17 4.98 
.44 .58 .37 

- -  4.61 1.54 4.43 
.33 .47 .30 

a b o u t  8 0 %  o f  t h e  to ta l  v a r i a n c e  a m o n g  i n d i v i d u a l s  

in th i s  s a m p l e  c a n  b e  a t t r i b u t e d  to  g e n e t i c  d i f f e r -  

e n c e s  a m o n g  t h e m .  T h i s  is  o n e  o f  t h e  h i g h e s t  h e r -  

i t ab i l i t i e s  r e p o r t e d  f o r  a b e h a v i o r a l  c h a r a c t e r i s t i c .  

L o n g i t u d i n a l  a n a l y s e s  a c r o s s  a 3 - y e a r  i n t e r v a l  in -  

d i c a t e  t ha t  t h e  s t a b i l i t y  is  v e r y  h i g h  ( . 9 3 )  a n d  tha t  

g e n e t i c  f a c t o r s  a c c o u n t  f o r  n e a r l y  9 0 %  o f  t h i s  s t a -  

b i l i ty .  A l t h o u g h  s p e c i f i c  c o g n i t i v e  abi l i t ies  a l so  s h o w  

s u b s t a n t i a l  h e r i t a b i l i t i e s ,  r a n g i n g  f r o m  .33  to . 6 8 ,  

n o n e  a re  as  h e r i t a b l e  as  g e n e r a l  c o g n i t i v e  a b i l i t y .  
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Table  VI .  Specific Cognitive Abilities: Components of Variance and Covariance (from Parameter Estimates in Table V) 
i 

Tl- to-T2 stability 
Shared Nonshared 

Heritability environ, environ. Genetic Phenotypic 

Spatial 
Blocks .60 .88 

1986-1988 .52 .20 .28 
1989-1991 .57 .12 .31 

Card Rotations .54 .68 
1986-1988 .48 .06 .46 
1989-1991 .55 .00 .45 

Figure Logic .32 .43 
1986-1988 .37 .00 .63 
1989-1991 .33 .00 .67 

Verbal 
Information .67 .84 

1986-1988 .65 .14 .21 
1989-1991 .60 .20 .21 

Synonyms .64 .88 
1986-1988 .60 .00 .32 
1989-1991 .65 .00 .32 

Analogies .54 .69 
1986-1988 .60 .04 .37 
1989-1991 .46 .20 .34 

Memory 
Digit Span .45 .65 

1986-1988 .49 .00 .51 
1989-1991 .52 .00 .48 

Names & Faces .43 .58 
1986-1988 .42 .00 .58 
1989-1991 .51 .00 .49 

Thurstone Test .41 .68 
1986-1988 .36 .00 .64 
1989-1991 .46 .00 .54 

Speed of Processing 
Digit Symbol .64 .77 

1986-1988 .68 .0O .32 
1989-1991 .68 .00 .32 

Figure Identification .46 .62 
1986-1988 .50 .00 .50 
1989-1991 .52 .00 .48 

Compared to general cognitive ability, specific cog- 
nitive abilities are less stable (about .70) and ge- 
netic factors contribute less (about 70%) to their 
stability. 

Why should general cognitive ability, which 
is a weighted composite of tests of specific cogni- 
tive abilities, show greater genetic influence than 
its constituent tests? The answer is not simply that 
general cognitive ability is more reliable than spe- 
cific cognitive abilities. The average reliability of 
the tests of specific cognitive abilities is .90 (Ped- 
ersen et al. ,  1992). Rather, the nature of genetic 
influence in the cognitive domain appears to be more 

general than specific. Tests that load more highly 
on the first unrotated principal component from which 
the general ability composite is derived are more 
heritable. In our sample, we found that the corre- 
lation between loadings on the first unrotated prin- 
cipal component and heritabilities was .77 after 
differential reliabilities of the tests were controlled 
(Pedersen et al. ,  1992), which is comparable to 
results of other studies (Jensen, 1987). That is, the 
more a test taps general cognitive ability, the more 
heritable it is. 

The finding that genetic effects contribute to 
continuity rather than change warrants additional 
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discussion. The genetic correlation refers to the cor- 
relation between genetic effects at time 1 and ge- 
netic effects at time 2, regardless of the heritabilities 
at the two times (Plomin, 1986). The genetic cor- 
relation is .99 for general cognitive ability and ranges 
from .91 to 1.0 for the tests of specific cognitive 
abilities. The genetic contribution to phenotypic 
stability, described earlier, weights the genetic cor- 
relation by the product of the square roots of her- 
itabilities at each age. Thus, genetic correlations 
near 1.0 indicate that genetic effects at the two times 
overlap completely, even though genetic effects in 
common to the two times do not completely ac- 
count for phenotypic stability. The fact that the ge- 
netic contribution to phenotypic stability is lower 
for specific cognitive abilities than for general cog- 
nitive ability reflects the somewhat lower heritabil- 
ities for specific cognitive abilities. The only measure 
that shows a significant genetic contribution to change 
during the 3 years is Digit Symbol. 

Two points should be emphasized in relation 
to this evidence for genetic continuity. First, 3 years 
is a relatively short interval, about 4% of a 70-year 
life span. Longer intervals might show greater evi- 
dence for genetic change, as indeed was found in 
a 10-year longitudinal adoption study in young 
adulthood (Loehlin et at., 1989). In SATSA, the 
third 3-year wave of testing is nearly complete, which 
will provide a 6-year interval, as well as greater 
power for testing longitudinal models. Second, re- 
sults might differ at other ages, most notably, when 
twins are studied as they show cognitive declines 
later in life. Especially relevant is a longitudinal 
study of twins in Sweden over 80 years of age 
(McClearn et al., 1990). 

Concerning environmental parameters, it is 
noteworthy that environmental influences relevant 
to cognitive abilities are largely nonshared, which 
is consistent with other analyses of postadolescent 
samples (Plomin et al., 1994). In other words, 
growing up in the same family does not contribute 
to similarity in cognitive abilities later in life. 

It is also noteworthy that nonshared environ- 
ment accounts for stability across the 3 years that 
is not explained by genetic overlap. This is modest 
for general cognitive ability. However, just as non- 
shared environment accounts for greater amounts 
of variance for specific cognitive abilities (because 
heritabilities are lower), nonshared environment also 
accounts for relatively greater amounts of pheno- 
typic covariance between the two measurement oc- 
casions. Such stable nonshared environment could 

include accidents and illnesses not shared by mem- 
bers of a twin pair that have an enduring effect on 
cognitive abilities. 

The high heritability of cognitive abilities 
throughout the life span suggests that cognitive 
abilities, especially general cognitive ability, are 
reasonable targets for attempts to identify specific 
genes responsible for genetic influence on complex 
traits (Plomin and Neiderhiser, 1992). During the 
past decade, advances in molecular biology have 
led to the dawn of a new era for quantitative genetic 
research on complex behavioral traits (Plomin, 1990, 
1993a). It is becoming increasingly possible to as- 
sess DNA variation directly in individuals rather 
than resorting to indirect inferences of genetic in- 
fluence derived from twin and adoption studies. As 
a step in this direction, our ongoing research em- 
ploys an allelic association approach that attempts 
to identify some of the many genes likely to be 
responsible for genetic influence on cognitive abil- 
ities (Aldhous, 1992). Polymorphisms for neuro- 
logically relevant quasi-candidate genes such as 
neuroreceptor genes are used to genotype DNA from 
permanent cell lines of unrelated high- and low-IQ 
children in an original sample and in an even more 
extreme replication sample (Plomin, 1993b). Com- 
parison of allelic frequencies for the high and low 
extremes of large samples provides power to detect 
allelic associations even when they account for small 
amounts of variance in the population. 

It seems more a question of when rather than 
whether molecular genetic techniques will be ap- 
plied to complex behavioral dimensions such as 
cognitive abilities. When this happens, it will make 
possible predictions about genetic strengths and risks 
for an individual rather than relying on familial re- 
semblance, which is at most 50% for first-degree 
relatives. This will revolutionize quantitative ge- 
ne t i cs - the  much overused phrase paradigm shift 
seems no exaggeration for advances of this mag- 
nitude. As is the case with most important discov- 
eries, it will raise new ethical issues as well (Wright, 
1990). 
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